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¶ At low frequencies(f < fnh » 1Hz),the origin is essentiallynatural, with particularemphasison oceanwaves,which emit

their maximumenergyaround0.2 Hz. Thesewavescanbe seenveryeasilyon islandsand/or duringoceanstorms. Higher

frequencies(around0.5 Hz)are emitted alongcoastalareasdue to the interactionbetweenoceanwavesand shorelines.

Somelower frequencywaves(f <<0,1 Hz)are alsoassociatedwith atmosphericforcing,but this frequencyrangehaslittle

interest for engineeringseismology. Higherfrequencies(>1 Hz)mayalsobe associatedwith wind andwater flows

¶ At higher frequencies (f > fnh » 1Hz), the origin is mostly related to human activity (traffic, machinery); sources are mostly 

localized on the earth's surface (except for a few sources such as subways) and often show strong day/night and 

week/weekend variability.Translatedwith DeepL.com (free version)



3



4

Primary ocean microseismsare generated only in shallow
waters in coastalregions. Herewave energycan be converted
directly into seismicenergyby changesin vertical pressure,or
by wavesplitting on the shores,whichhavethe sameperiodas
water waves(T>>from 10 to 16 s). Comparethe spectraof the
microseisms,there is a closerelationshipbetweenthe two data
sets. In contrast, secondary oceanic microseisms can be
explainedasgeneratedby the superpositionof oceanwavesof
equal period traveling in opposite directions, thus generating
mid-period standinggravitationalwaves. Thesestandingwaves
causenonlinearpressureperturbationsthat propagatewithout
attenuation to the oceanfloor. TheX-interferenceareacanbe
off-shore where the propagating waves in one direction
generated by a low-pressure area L overlap with waves
traveling in the opposite direction after being reflected from
the coast. But it could also be in the far deep ocean when
waves,excitedfirst at the front front of the low-pressurearea,
later interfere with wavesgeneratedby the cyclone'srear front.
The horizontal and vertical noise amplitudes of marine
microseismsare similar. The motion of the particle is of the
Rayleighwave type, that is, elliptical polarizedin the vertical
propagationplane. Translatedwith DeepL.com(freeversion)

Patternsof generationof (a) primary and (b) secondary
microseisms. L - low pressurearea of the cyclone,X -
interference area where waves with half the period of
oceanwavesdevelop.

Da: New Manual of Seismological Observatory Practice ςNMSOP 
CHAPTER 4: Seismic Signals and Noise (Peter Bormann) 
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Esempidi geometrie della costa che forniscono condizioni di interferenza adeguate per
la generazionedi microseismisecondari.

Da: New Manual of Seismological Observatory Practice ςNMSOP 
CHAPTER 4: Seismic Signals and Noise (Peter Bormann) 
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While the harmonic components of transient
seismic signals radiate from localized sources of
finite duration is coherent and their phase
relationshipsdefinedby the phasespectrum,this is
not the casefor ambientseismicnoise. Thelatter is
caused by a diversity of different, spatially
distributed, mostly uncorrelated and often
continuoussources. Seismicnoiseforms, therefore,
a moreor lessstationarystochasticprocesswithout
a defined phase spectrum. The same is true for
electronicinstrumentalnoiseand thermal noiseof
seismicmassmotion. Earlyefforts, in the yearsof
analog seismology, to obtain a quantitative
measurementof seismic noise as a function of
frequency was based on the envelopesof peak
amplitudesin giventime intervalsfor seismicnoise
at different times of the day and year. Such
presentations are not adequate when based on
records, or filtered time series, of different
bandwidthsand it is impossibleto resolvespectral
details.

Envelopesof maximumand minimum peakamplitudesfor
rural environments as determined from analog
seismographrecordsof different types over a long period
of time (curves1 and 2: high and very low noise sites,
respectively)together with envelopecurvesof peaknoise
amplitudes at the MOX station, Germany, at times of
minimum(a)andmaximumnoise.

Da: New Manual of Seismological Observatory Practice ςNMSOP 
CHAPTER 4: Seismic Signals and Noise (Peter Bormann) 
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Due to the stochastic nature of seismic noise the amplitude spectrum and phase spectrum cannot be calculated. 
We must, therefore, determine the power spectral density P(w) which is the Fourier transform of the 
autocorrelation function:

p(t) = < f(t) f(t + t) >

Thesymbol<>indicatesthe averageover time.

5ŜǇŜƴŘƛƴƎ ƻƴ ǿƘŜǘƘŜǊ ƭǎ Ŧόǘύ ƛǎ ŀ ŘƛǎǇƭŀŎŜƳŜƴǘΣ ǾŜƭƻŎƛǘȅ ƻǊ ŀŎŎŜƭŜǊŀǘƛƻƴ ǘƘŜ ǳƴƛǘǎ ƻŦ tό˖ύ ŀǊŜΥ

() () ( )ñ
¤

¤-

-= twtw dtipP exp

Hzm /2 ( )Hzsm //
2

( )Hzsm //
22

Da: New Manual of Seismological Observatory Practice ςNMSOP 
CHAPTER 4: Seismic Signals and Noise (Peter Bormann) 
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Conoscendo il valore del power spectral density Pd(w), si può calcolare i rispettivi 
valori in  velocità (Pv) o accelerazione (Pa),

Knowing the value of power spectral density Pd(w), one can calculate the respective 
values in velocity (Pv) or acceleration (Pa),

Pv(w) = Pdw
2 = 4p2 f2 Pd

Pa(w) = Pdw
4 = 16p4 f4 Pd = 4p2 f2 Pv

Da: New Manual of Seismological Observatory Practice ςNMSOP 
CHAPTER 4: Seismic Signals and Noise (Peter Bormann) 
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Power spectraldensity in velocity of ambient seismicnoise under noisy and quiet
conditionsfor a typicalseismicstationon compactrock.

Frequency

Da: New Manual of Seismological Observatory Practice ςNMSOP 
CHAPTER 4: Seismic Signals and Noise (Peter Bormann) 
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Power spectral density in velocity of ambient seismic noise under noisy and quiet
conditionsfor a typicalseismicstationon compactrock.
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Da: New Manual of Seismological Observatory Practice ςNMSOP 
CHAPTER 4: Seismic Signals and Noise (Peter Bormann) 



And by substituting the period T=1/f it can be written:
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Da: New Manual of Seismological Observatory Practice ςNMSOP 
CHAPTER 4: Seismic Signals and Noise (Peter Bormann) 
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Envelopecurvesof power spectraldensity in

acceleratingPa noise(in units of dB relatedto

1(m/s2)2/Hz) asa functionof period. Thecurves

define the new global high (NHNM) and low

noise (NLNM) models that are currently the

standard accepted curves for the generally

expected limits of earthquake noise.

Exceptionalnoisecanexceedtheselimits. For

NLNM, correlatedcurveshavebeencalculated

for displacementand spectralpower Pd and Pv

density in units of dB versus1(m/s)2/Hz and

1(m/s)/Hzarealsogiven.

Da: New Manual of Seismological Observatory Practice ςNMSOP 
CHAPTER 4: Seismic Signals and Noise (Peter Bormann) 

Da: New Manual of Seismological Observatory Practice ςNMSOP 
CHAPTER 4: Seismic Signals and Noise (Peter Bormann) 



Power spectral density in accelerazionerelative a circa 10 minuti di rumore registratorispettivamente
pressole stazionilargabandaTRI di Trieste e LJU di Lubiana.
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A probabilitydensityfunction (PDF)canbe usedto visualizeseismicpowerspectraldensity
(PSD).

Long,continuous,overlapping(50 %) time seriessegmentsare processed. Earthquakes,
system transients, and/or anomalies in the data cannot be removed. The instrument
transfer function is removedfrom eachsegment,producinggroundacceleration(for easy
comparisonwith the LNM). Eachone-hour time seriesis divided into 13 segments,each
approximately15 minutes long and overlappingby 75%, with eachsegmentprocessedby
removingthe meanand long-term trend; usinga sine function for tapering; applyingthe
FFT. Thesegmentsare then averagedto providea PSDfor eachsegmentof the 1-hour time
series.The probability of a given power occurring in a given period is plotted for direct
comparisonwith high- andlow-noisePetersonmodels(HNM,LNM).
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ExamplePDFfor the BHZcomponent of the LTXstation, with some artifacts and signals
identified. The LTXstation, was instrumental for the original PetersonLow Noise Model;
however,due to increasedcultural noise(0.1-1s,1-10Hz)the higherprobabilitypower levels
(mode,black line) are now significantlyhigher than the PetersonLow NoiseModel (LNM).
The minimum signal (red line) will approach the LNM less than 2 percent of the time,
indicatingthat the station's minimum noisedoesnot reflect real ambient noiseconditions
acrossthe entire spectrum. Instead,ambient noiseconditionsare best representedby the
highestprobabilitymode(blackline)
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HLIDstation about 10 km from HaileyIdaho. Automobiletraffic alonga dirt road only 20 meters from the HLIDstation
createsa noiseincreaseof 20-30dBat a periodof about0.1 second(10Hz). Thistype of culturalnoiseis observedin PDFs
as a low probability region at high frequencies(1-10Hz,0.1-1s). Bodywavesoccuras a low-probability signalat the 1-
second interval while surface waves are more powerful at longer periods. Recent automatic calibration and mass
calibrationpulsesaredisplayedaslow probabilityeventsin the PDF.



Annual PDF distribution for the BB VTS 
seismic station.

Annual PDF distribution for BB seismic 
station PVL

ANALISI ANNUALE



ANALISI SEASONAL ANALYSIS
Distribuzionedel noise relative allacomponenteHHZ allastazioneMPE durantele diverse stagioni.

WINTER PRIMAVERA

SUMMER AUTUNNO





ANALISI GIORNALIERA
Distribuzionegiornalieradel noise relativoallacomponenteHHZ allastazioneMMB.

Registrazionedalle6 alle22 per il periodo
di 10 giorni, dal 9 al 19 Maggio del 2008.

Registrazionedalle22 alle6 per il periodo
di 10 giorni, dal 9 al 19 Maggio del 2008.



Distribution of seismic noise from the average of PDF curves in the interval from 1.8s to 
8s for the Bulgarian seismological network.



Corso: Microzonazionesismica
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{ŎƘŜƳŀ ǎƛǎƳƻƎǊŀƳƳƛ ǊŜƭŀǘƛǾƛ ŀƭƭŀ Ŏƛǘǘŀ ŘŜƭ aŜǎǎƛŎƻ ŎƘŜ ƳƻǎǘǊŀƴƻ ƭΩŀƳǇƭƛŦƛŎŀȊƛƻƴŜ ŘŜƭ ōŀŎƛƴƻ 
dove sorge Citta del Messico.







Un terremoto genera delle oscillazioni del suolo, indotte dalla 

propagazione di onde sismiche attraverso il terreno. Le onde 

sismiche, propagandosi nello strato più superficiale della 

crosta terrestre, subiscono riflessioni e rifrazioni causate dalle 

eterogeneità della crosta stessa. In certe condizioni ed in 

presenza dei suoli superficiali le onde sismiche vengono 

amplificate o attenuate a seconda delle caratteristiche 

meccaniche del mezzo.   

 



EFFETTI LOCALI INDOTTI DA UN EVENTO SISMICO



Effetti Locali
(Risonanza)



Effetti di percorso
(Focalizzazione)
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In genere,ƭΩŜŦŦŜǘǘƻdi amplificazionee dovuto alla geologiasuperficialee
vieneespressocomerapporto traƭΩŀƳǇƛŜȊȊŀdello spettro di Fourierdella
componenteorizzontaledel moto in superficie (Hs) e quella alla base
dellostrato (Hr):

Ὕ
Ὄ

Ὄ
Il fattore di amplificazione può essere ottenuto tramite la relazione:

Ὓ ᶻ

Ed essendo:

=1

Risulta:

Ὓ
Ὄ

ὠ

Nakamura afferma che il picco massimo nel grafico H/V permette di identificare la frequenza di risonanza con 
ƭΩŀƳǇƭƛŦƛŎŀȊƛƻƴŜ ŀŘ Ŝǎǎŀ ŎƻǊǊŜƭŀǘŀΦ





SPETTRI DI RISPOSTA



If xg(t) denotesthe displacementimpressedon the ground
by the earthquakeand x(t) the displacementof the massm
with respect to the ground, the differential equation
governingthe forcedoscillationproblemiswritten:

where constant k is the stiffness of the system and b is

the constant associated with the viscous-type system

damper.

SPETTRI DI RISPOSTA
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5ŀΥ ά[Ŝ categoriredi sottosuolodelleNTC08: limiti applicabilitàVs30ά - Giuseppe Lanza



Spettridi normativaper le diverse classidi suolo
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DESIGN GROUND ACCELERATION: 0.28 g
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(5% damping)
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Comparisonof H/V curvesobtainedat the samesiteon grasswith andwithout wind (top), andin a pothole,
on asphalt (bottom) and again on grasswith wind. This comparisonshows the strong effect of wind
combinedwith grass,while on asphaltor in a pothole, wind hasno significanteffect (whenawayfrom any
structure)
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Comparisonof H/V curvesobtainedwith andwithout a polystyreneplate under the sensor
at the samesite,a strongeffect of polystyreneisevident.
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Criteri per una H/V affidabile
(devono essere rispettati tutti e tre i parametri)

f0>10/Lw

nc(f0)>200

À<2 per 0.5f0 <f<2f0 se f0>0.5 HZ 

oppure

À<3 per 0.5f0 <f<2f0 se f0 <0.5 HZ 

Criteri per un picco H/V chiaro 
(almeno 5 su 6 devono essere rispettati)

Esiste f- in [f0 /4, f0 ϐ !H/V (f-)<A0 /2

Esiste f+ in [f0 ,4f0 ϐ !H/V (f+)<A0 /2

A0>2

fpicco[ AH/V(f)± À(f)]=f0 ±5%

f̀ғˋόŦ0)

À(f0ύғʻόŦ0)

Lw=Lunghezza finestra.
nw=Numero di finestre selezionate per la media della curva H/V.
nc=Lw*nw*f0=Numero di cicli significativi.
f=Frequenza corrente.
f0=Picco di frequenza H/V.
ˋ ŦҐ5ŜǾƛŀȊƛƻƴŜ ǎǘŀƴŘŀǊŘ ŘŜƭ ǇƛŎŎƻ Řƛ ŦǊŜǉǳŜƴȊŀ Iκ± όŦл ±ˋ ŦύΦ
ˋόŦлύҐ±ŀƭƻǊŜ Řƛ ǎƻƎƭƛŀ ǇŜǊ ƭŀ ŎƻƴŘƛȊƛƻƴŜ Řƛ ǎǘŀōƛƭƛǘŁ ˋ ŦғˋόŦлύΦ
A0=Ampiezza del picco H/V alla frequenza f0.
AH/V(f)=Ampiezza della curva H/V alla frequenza f0.
f-=Frequenza tra f0 /4 e f0 per cui AH/V(f-)<A0 /2.
f+=Frequenza tra f0 e 4f0 per cui (f+)<A0 /2.
ˋ !όŦлύҐ5ŜǾƛŀȊƛƻƴŜ ǎǘŀƴŘŀǊŘ Řƛ !Iκ±όŦύΣ ˋ !όŦύ ŝ ƛƭ ǾŀƭƻǊŜ ǇŜǊ ƛƭ 

quale la AH/V(f) va moltiplicata o divisa.
ˋ [ƻƎ Iκ±όŦύҐ5ŜǾΦ {ǘŀƴŘŀǊŘ ŘŜƭƭŀ ŎǳǊǾŀ [ƻƎ !Iκ±όŦύΣ ˋ [ƻƎ Iκ±όŦύŝ ƛƭ ǾŀƭƻǊŜ

assoluto da sottrarre o addizionare alla curva media Log AH/V(f).
ʻόŦлύҐ±ŀƭƻǊŜ Řƛ ǎƻƎƭƛŀ ǇŜǊ ƭŀ ŎƻƴŘƛȊƛƻƴŜ Řƛ ǎǘŀōƛƭƛǘŁ ˋ ŦғʻόŦлύΦ

Valori di soglia per le condizioni di stabilità

Range di frequenza [Hz] <0,2 0,2-0,5 0,5-1,0 1,0-2,0 >2,0

ˋόŦ0) [Hz] 0,25f0 0,20f0 0,15f0 0,10f0 0,05f0

ʻόŦ0) per ̀ A(f0) 3 2,5 2 1,78 1,58

Log ̒ όŦ0) per ̀ Log H/V(f0) 0,48 0,4 0,3 0,25 0,2
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H

Elastic layer on deformable basement

1D Amplification



5ŀΥ ά[Ŝ categoriredi sottosuolodelleNTC08: limiti applicabilitàVs30ά - Giuseppe Lanza

1D Amplification
Elastic layer on deformable basement

Rock-to-soil 
impedance ratio

natural periods



5ŀΥ ά[Ŝ categoriredi sottosuolodelleNTC08: limiti applicabilitàVs30ά - Giuseppe Lanza

1D Amplification
The two control variables

Studies by Borcherdt(1992, 1994, 2002) shown for sites:
Å of comparable basement thickness H
Å of comparable velocity Vr

the average amplification increases as Vs

Under these conditions Vs can be an effective parameter for 
seismic characterization.



5ŀΥ ά[Ŝ categoriredi sottosuolodelleNTC08: limiti applicabilitàVs30ά - Giuseppe Lanza

Subsurface classes

For subsurface classes A to E, Vs,30 is calculated:



5ŀΥ ά[Ŝ categoriredi sottosuolodelleNTC08: limiti applicabilitàVs30ά - Giuseppe Lanza

Limits of Vs30
Sites with the same vs30 can have significantly different 
responses
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Limits of Vs30
Sites with the same vs30 can have significantly different 
responses
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Limits of Vs30
Sites with the same vs30 can have significantly different 
responses
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5ŀΥ ά[Ŝ categoriredi sottosuolodelleNTC08: limiti applicabilitàVs30ά - Giuseppe Lanza

Limits of Vs30
Deposits of soils of high thickness
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Limits of Vs30
2D Amplification

Compared with 1D conditions:
Å increased amplification
Å increase in duration
Å broadband amplification 
Å spatial variation of motion



5ŀΥ ά[Ŝ categoriredi sottosuolodelleNTC08: limiti applicabilitàVs30ά - Giuseppe Lanza

Limits of Vs30
Cliff-type configurations

(conclomerates on Pliocene 
flake clays).

Rock pastronson clay substrate

Banks of sandy and gravelly soils on clay substrate 

(lithoid tuff on marine clays)

(calcarenites on marine clays)

(conclomerateson Pliocene flake clays).

(calcarenites on varicolored clays)
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Limits of Vs30
Presence of cavities
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