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Single station measurement: H/V
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H/V method: what for?

Site effect caracterization

Estimation of resonance frequency

Amplification level

(J-L Chatelain)

Microzonation studies

Estimation of areas with similar
seismic responses
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Underground structure imaging
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After Hinzen et al. (2004)

H/V method: what for?
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• Interpretation of H/V curve (frequency and
shape)

results from real and simulated data
case of 2D/3D structures
examples on the use of H/V

• Recommandations for
H/V measurements (duration, soil
sensor coupling, …) 
H/V computation
interpretation of H/V measurements

Single station measurementSingle station measurement: H/V: H/V
http://sesame-fp5.obs.ujf-grenoble.fr/SES_TechnicalDoc.htm
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Single station measurementSingle station measurement : H/V technique: H/V technique

Ratio between Horizontal
and Vertical records
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Typical H/V curves



December 6-12th 2008, Thessaloniki, Greece

Interpretation of H/V measurementsInterpretation of H/V measurements

Nakamura’s interpretation
• H/V = SH transfer function
• FH/V = Fo
• AH/V = Ao

Alternative interpretation (most common)
• H/V = mainly effects of surface waves

(Rayleigh waves; Love waves)
• FH/V . Fo   (ellipticity peak frequency, Airy phase of Love waves)
• AH/V ?
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Interpretation of H/V measurements:
Results from real data (SESAME results)

From Haghshenas et al., 2005

102 sites
Uniform distribution
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Interpretation of H/V measurements:
Results from real data (SESAME results)

f0-H/V Noise vs f0-SPR Seismes 
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A0-H/V Noise vs A0-SPR Seismes 
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Very good overall agreement for f0
81% of cases
Important exceptions :

some low frequency sites
(stiff sites continental area, and/or limited contrast)

No correlation between H/V amplitude and actual amplification
different shapes
different values
however A(H/V) ≤ A(SSR)

Interpretation of H/V measurements:
Results from real data (SESAME results)
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Interpretation of H/V measurements:Interpretation of H/V measurements: Results Results 
from from simulatedsimulated datadata (SESAME (SESAME resultsresults))

For 1D structures
• FH/V = Fo  +/- 20%     (whatever the origin of H/V peak)
• AH/V > Ao

For 2D/3D structures (canonical models + real sites)
• FH/V overestimates/underestimates the 1D Fo
• AH/V differs from the 1D Ao

• H/V peak is not clear above steep undergroung slopes:
« broad » peak, multiple peaks, « plateau-like » shape,
almost « flat » H/V
low amplitude



December 6-12th 2008, Thessaloniki, Greece

H/V H/V for 2D/3D structures: Illustration for 2D/3D structures: Illustration ofof
«« broadbroad H/V H/V peakpeak »»

Noise syntheticsNoise synthetics

Courtesy from K. Boussoura and K. Selmi
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H/V for 2D/3D structures: Illustration 
of « plateau-like» shape

Real noise recordings

Flat H/V
Plateau-like shape

Uebayashi, 2003
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Roma, Italy

Courtesy of R. M. Azzara

fill

alluvial

gravel
Vs=600-800 m/s

Vs=200-400 m/s

Distance [m]

H/V peak frequency : correlation
with the main geological structures
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Palermo, Italy
Courtesy of R. M. Azzara

H/V peak frequency : correlation
with the main geological structures
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Sediment thickness

Resonance frequencies

Courtesy of V. Rocabado

H/V peak frequency : correlation
with the main geological structures
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Imaging sediment thickness

f H /V~ f 0=
V s ,average

4 h

Under the assumption that the structure is locally 1D

Estimation of an average Vs if h is known

Estimation of a minimum sediment thickness if Vs is known at the surface

V s , average~ 4 h f H /V

hminimum~
V s , surface

4 f H /V

Note: f0 is estimated for the whole structure sediment+bedrock
If more than one sediment layer, V s , average≠ V s , surface
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H/V peak frequency : correlation
with the main geological structures

Parolai et al, 2000Parolai et al, 2000

FH/V . Vs,av./4h

h= Vs,av./ FH/V 
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Recommandations for H/V measurements

Chatelain et al., 2007. Evaluation of the 
influence of experimental conditions on H/V 
results from ambient noise recordings, Bull. 
Earth. Eng.

Guillier et al., 2007. Influence of instruments 
on the H/V spectral ratios of ambient
vibrations, Bull. Earth. Eng.
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• The recording equipment, especially the sensor, has to be regularly tested

• The use of accelerometers should definitively be avoided, because of
instabilities and low sensitivity (especially at low frequencies)

Influence of instruments (Guillier et al., 2007)

Guillier et al., 2007
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P4 Influence of nearby structures
•Effects within 10 m in the HF range

P5 Underground structures
•Never recommended

P6 Weather
•Large sensitivity to wind : low

frequency effects
•Rain

P1 Recording/instrument parameters
•Gain (avoid saturation)

P2 In situ soil-sensor coupling
•Grass + wind
•Mud, reworked soil

P3 Modified soil-sensor coupling
•Artificial, soft interface

P9 Proximity ot noise sources
•Avoid cars at short distance (< 10m), …

Influence of experimental conditions 
(Chatelain et al., 2007)
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Influence of experimental conditions

30cm hole Short grass, no wind

Short grass, wind tall grass, no wind

firm ground, 
no interface styrofon

Plain wood plate aggregated wood plate

Chatelain et al., 2007
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Influence of experimental conditions

Chatelain et al., 2007

60 m away 20 m away

10 m away Underneath trees

20 m from highway 6 m from highway

2 m from highway on highway
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Recording duration

SESAME

Statistical study of Picozzi et al, 2005
• Time window from 20 to 60 s  [0.1 – 10 Hz]
• Duration of at least 20 minutes

Lw=10/fo=10*To
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Computation of H/V

Computation of Fourier amplitude spectra
+ smoothing

Average of horizontal components

Computation of n spectral ratio

Computation of the average H/V

Selection of the n most stationary windows
(STA/LTA anti-trigger algorithm)



December 6-12th 2008, Thessaloniki, Greece

Computation of H/V curves
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Computation of H/V curves
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Computation of H/V curves
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Computation of H/V curves
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Interpretation of H/V curves

• Clear peak

• Industrial origin

• Double peak

• Unclear peak at low frequency

• Broad peak or multiple peak

• No peak on sediments
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Criteria for a reliable H/V curve
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Interpretation of H/V curves:
clear peak

If no industrial origin:

- likely sharp contrast

- Fo = fundamental frequency

- If h is known V s,av ~ 4h.fo

- If Vs,surf is known hmin~ Vs,surf/4h
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Interpretation of H/V measurements:
Industrial origin

Fourier amplitude spectra

Damping (SDOF; x(t) = Asin(ωοt)e-ωοζτ )
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Running window

T

(1) Band-pass filtering of time series
(2) Extraction of time windows with the same initial conditions
(3) Stack of the extracted time windows -> stack(t) 
(4) Estimation of the damping     and wo by fitting stack(t) = Asin(ωοt)e-ωοζτζ 

(1)

Scheme for damping computation
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Interpretation of H/V measurements:
double peak

If no industrial origin:

- likely two large contrasts at shallow
AND large depth at two different scales
(!!! to cross-check with geology)

- Fo = fundamental frequency

- f1 = other natural frequency

- If Vs,surf is known H1,min~ Vs,surf / 4 f1
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Interpretation of H/V measurements:
Unclear peak at low frequency
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-

Interpretation of H/V measurements:
Multiple peaks
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-

Interpretation of H/V measurements:
broad peak
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Interpretation of H/V measurements:
« flat » H/V on sediments

A flat H/V peak does not mean no amplification !!
-> 2D/3D site effects, low impedance contrasts, …

Teheran

H/V

Site/reference

Katania

Industrial
origin
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Interpretation of H/V measurements:
summary

EASY CASES DIFFICULT CASES

• quantitative information
• Vs,average
• Hmin

• Not recommanded to extract
quantitative information

• Check the geology (stiff sediments,
low contrast,basin-edge, …)

• Use earthquakes recordings
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