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Abstract — In the framework of an ambient noise measurement project in the downtown district of the
City of Thessaloniki (Northern Greece), several tests and evaluation of noise recordings were performed in
selected sites. This data set was processed and compared with previous results for the same sites in terms of
horizontal-to-vertical (H/V) spectral ratio obtained from weak and strong motion earthquake data. The
recording system used was tested against a reference one. Finally, systematic ambient noise measurements
were performed at eight sites in the city’s downtown area, to evaluate diurnal and seasonal variations. It
was concluded that the recording system used was reliable and the ambient noise H/V spectral ratios were
in good agreement with relevant results previously obtained. Diurnal variation of the ambient noise H/V
spectral ratio showed that it is preferable to perform measurements during the calm hours of the day, when
man-made noise is relatively low. However, no systematic seasonal ﬂuctuation eﬀect on the ambient noise
H/V spectral ratio was identiﬁed.
Key words: Ambient noise, H/V spectral ratio, site eﬀects, urban environment.

1. Introduction
Site response is largely identiﬁed as signiﬁcant information which needs to be
considered in many studies, such as microzonation, source parameters, etc. Sites
where the seismic motion is ampliﬁed are generally those where signiﬁcant damage
enhancement occurs during strong earthquakes. The best procedure for determining
the site response of a particular sedimentary location is to record ground motion
during an earthquake and calculate the spectral ratio of the sediment site recording
to a nearby reference site located on rock (e.g., BORCHERDT, 1970). However, to
achieve site response surveys using this technique in a reasonable period of time may
be diﬃcult, especially in regions of low seismicity. On the other hand, the numerical
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prediction of site eﬀects with a reasonable conﬁdence level requires detailed
knowledge of key geotechnical and geophysical parameters which is also a diﬃcult
task.
An alternative approach of characterizing site response in an urban environment
involves the use of the H/V spectral ratio of ambient noise recordings. Ambient noise
is low amplitude vibrations of soil generated by natural disturbances such as wind,
sea tides or of man-made origin such as traﬃc, industrial machinery, household
appliances, etc. The spectral ratio of horizontal to vertical component of ambient
noise usually shows a peak which indicates the fundamental frequency of the
investigated site (NOGOSHI and IGARASHI, 1971; NAKAMURA, 1989). Recently, several
researchers (among which FIELD and JACOB, 1993; LACHET and BARD, 1994; LERMO
and CHÁVEZ-GARCÍA, 1994a) have theoretically supported the H/V spectral ratio
technique through numerical simulations showing that synthetics obtained by
randomly distributed near-surface sources lead to H/V spectral ratios sharply peaked
around the fundamental S-wave frequency, whenever the surface layers exhibit a
sharp impedance contrast with the underlying stiﬀer formations.
In experimental studies, the applicability of the method has also been demonstrated at several areas. OHTA et al. (1978) showed that predominant ground period
(2.5 sec) of the spectra in both ambient noise and strong motion records of the 1968
Tokachi-oki earthquake was due to the presence of deep alluvial deposits. KAGAMI
et al. (1982, 1986) and FIELD et al. (1990) demonstrated also that simultaneous
observation of the spectra of ambient noise was appropriate to identify the
fundamental frequency in surface layers. The comparison between the fundamental
frequency obtained of the ambient noise H/V spectral ratios and receiver functions of
earthquake recording (strong or weak motion data) allowed researchers (LERMO
et al. 1988; LERMO and CHÁVEZ-GARCÍA, 1994b; FIELD and JACOB, 1995; CHÁVEZGARCÍA and CUENCA, 1996; TOSHINAWA et al. 1997; OJEDA and ESCALLON, 2000;
DUVAL et al. 2001; SATOH et al. 2001; HORIKE et al. 2001) to report that the
fundamental frequencies of ambient noise spectral ratios agree with the fundamental
frequencies observed in earthquake motions and give a good estimation of the
fundamental frequency of the site. YAMANAKA et al. (1993) found a very good
agreement between the sediment-to-bedrock spectral ratios (hereafter refered to as
SSR ratios) from strong motion data and ambient noise at periods more than 5 sec in
Los Angeles, California. SEEKINS et al. (1996) comparing the SSR ratios of ambient
noise, S-waves weak motion data and codas in San Francisco, California, found
good agreement both in the fundamental frequency and in the amplitude level. On
the other hand, DIAGOURTAS et al. (2001) performed ambient noise measurements in
the City of Heraklion (Crete, Greece) and observed that the amplitude levels of
ambient noise H/V spectral ratios were generally lower than those resulting from the
SSR ratios. However, they also found remarkable similarity and consistency in the
ampliﬁcation frequency band between ambient noise H/V spectral ratios, the SSR
ratios and 1-D modelling based on geotechnical data.
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While it is true that in some cases the ambient noise results agree reasonably well
with those obtained from earthquakes recordings, in other cases such an agreement is
not satisfactory. In southern California, UDWADIA and TRIFUNAC (1973) compared
directly spectral characteristics of strong motion and ambient noise and found that
the eﬀects of local site conditions appeared to be overshadowed by source mechanism
and propagation path. ROVELLI et al. (1991) reported signiﬁcant diﬀerences in the
value of fundamental frequencies and in the spectral width of the corresponding
spectral peaks between SSR ratios of ambient noise measurements and strong motion
records of various sites of Italy. GUTIERREZ and SINGH (1992) obtained a
quantitative mismatch between SSR ratios of strong motion and ambient noise
data in the Acapulco area.
MUCCIARELLI et al. (1996) and MUCCIARELLI (1998) ﬁlled the gap from the
methodological and experimental point of view by performing several experiments
under controlled conditions. They suggested that for in situ measurements in a town,
accelerometers should be avoided and seismometers should be used instead. The
measurements should be performed when weather conditions are not discouraging
(e.g., rain, strong winds). Finally, by performing measurements during diﬀerent
seasonal and daily times reasonably stable results were obtained. A complete review
of modern applications of ambient noise measurements for site eﬀect estimation can
be found in BARD (1999). Recently, a European project called SESAME (Site EﬀectS
assessment using AMbient Excitations) aims to study site eﬀects assessment
techniques using ambient vibrations. One of the main tasks of the SESAME project
is to search the experimental aspects that inﬂuence the stability of ambient noise
measurements (ATAKAN et al. 2004; DUVAL et al. 2004).
The ambient noise H/V spectral ratio technique is less time consuming and
considerably less costly than other classical geophysical site investigations. Although
the seismological community generally agrees that the H/V spectral ratio of ambient
noise gives reliable results in terms of fundamental frequency, the method has been
developed mainly empirically. Therefore, before applying the H/V spectral ratio on
ambient noise recordings in an urban environment, there is a need to thoroughly
check and evaluate the method. In this paper several critical reliability tests have been
performed including instrument evaluation, comparison of the noise H/V spectral
ratios with earthquake receiver functions. Diurnal and seasonal variations of the
noise H/V spectral ratios at selected sites in the City of Thessaloniki (Greece) were
also examined.

2. Method Used
In order to investigate stability and reliability of the ambient noise H/V spectral
ratio in the City of Thessaloniki, the following tests were performed: (i) Instrument
evaluation, (ii) comparison of ambient noise H/V spectral ratios with earthquake
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receiver functions at the same locations, (iii) diurnal variation of the H/V spectral
ratios of ambient noise and, (iv) seasonal variation of the H/V spectral ratios of
ambient noise.
The software used to analyze noise recordings was SEISAN_7.2 (HAVSKOV and
OTTEMÖLLER, 2000). A visual inspection of the ambient noise recordings was made in
order to exclude portions with unusually large amplitudes or spikes. No instrumental
correction was carried out for the ambient noise measurements, as the sensor
components employed (Lennartz 3-D/5 sec) have the same response characteristics in
the frequency range of 0.2–20 Hz. Therefore, the analysis was focused only on this
frequency range.
The following processing steps were performed to our data: (a) Computation of
Fourier amplitude spectra in all three components (E–W, N–S, vertical) over all
windows with 1 min duration each, (b) smoothing of the Fourier amplitude spectra
(hereafter FAS) using a moving average window (1/4, 1/2, 1/4) with 50 iterations, (c)
computation of the noise H/V spectral ratio by dividing each horizontal component
to the vertical one, (d) averaging the noise H/V spectral ratio separately for the two
horizontal components of the recording, to detect any signiﬁcant diﬀerence between
them.
2.1. Instrument Evaluation
The objective of this initial test was to compare the H/V spectral ratio obtained by
the recording system to be used for massive ambient noise measurements [Cityshark
24-bits recorder (CHATELAIN et al. 2000) coupled with a Lennartz 3-D/5 s velocimeter sensor] and a ‘‘reference’’ system (Reftek 72A coupled with a Guralp CMG40
velocimeter broadband sensor). Furthermore, local seismic experiments performed in
the City of Thessaloniki used mainly this type of recording system. The sensors were
chosen to be both velocimeters and accelerometers. According to the work of
ATAKAN et al. (2004), who tested ﬁfteen diﬀerent types of sensors, velocimeters were
all usable for recording ambient noise, whereas accelerometers are not appropriate
due to their insensitivity in low frequency band.
The two seismic systems have been tested at the Central Seismological Station
(OBS) of the Geophysical Laboratory of the Aristotle University of Thessaloniki
(Fig. 1), which is located on hard rock (gneiss). Both sensors were installed on a
concrete pier isolated from the basement of a two-story building and two time series
of ﬁve minutes were recorded simultaneously, at a sampling of 100 Hz.
Figure 2 (left part) displays the comparison between the average noise H/V
spectral ratios obtained from the two recording systems. Examining the amplitudes
and shapes of the H/V spectral ratios it can be realized that these are in good
agreement with in the entire frequency range. To better quantify this comparison, the
spectral ratio abstraction d[H/V] between the two recording systems was accomplished (Fig. 2, right part). It is apparent that for most of the frequency range there is
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Figure 1
Left: Location of the City of Thessaloniki, Northern Greece. Right: Map of the region of Thessaloniki
with the main geological units (Rf: Debris; Rd: River-torrential deposits with thickness up to 10 m; sl-l:
Quaternary silty layers; f,c-cm: Pleistocene undivided layers with thickness up to 40 m; pl,f-c: Neogene
deposits; Gn: Gneiss) and the location of the sites for which weak and strong motion earthquake data were
available (IGME, 1978).
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Figure 2
Left: Average H/V spectral ratio for the two recording systems: Cityshark–Lennartz (Hns/V: grey dark
line; Hew/V: grey light line) and Reftek – Guralp (Hns/V: black dashed line; Hew/V: black line). Right:
Diﬀerence between the spectral ratios of the two recording systems: dHew/V ¼ Hew/V (Cityshark –
Lennartz) - Hew/V (Reftek–Guralp): grey dashed dark line; dHns/V ¼ Hns/V (Cityshark–Lennartz) - Hns/
V (Reftek–Guralp): black solid line. Shaded area represents the 1 standard deviation of the H/V spectral
ratio from the CityShark-Lennartz system.
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no signiﬁcant diﬀerence between the recording systems, given that d[H/V] falls in
between the 1 standard deviation of the H/V spectral ratio coming from the
CityShark-Lennartz system. Our results are further supported by DUVAL et al.
(2004), who made a detailed study of the inﬂuence of the acquisition system on noise
H/V spectral ratio, using diﬀerent recorder types and velocimeter sensors. They have
also shown that the H/V spectral ratio of ambient noise was not dependent on the
tested equipment.
2.2. Comparison of Ambient Noise H/V Spectral Ratios with Receiver Functions
In order to compare H/V spectral ratios of ambient noise recordings with results
from other techniques traditionally used for site eﬀect studies, ambient noise
measurements were carried out at ten sites within the City of Thessaloniki (Fig. 1).
At each site ambient noise data were continuously recorded for at least 10 min and as
long as 40 min. The coupling between the sensors and the ground was: Tile of
pavement at sites KAL (10 m distance from 5-story buildings), AMP (10 m distance
from 6-story buildings), LEP (next to the Royal Theatre of Thessaloniki), asphalt at
sites AGO (free ﬁeld), LAB (5 m distance from 4-story buildings), OTE (next to 2story buildings), POL (free ﬁeld) and ground at sites TYF (15 m distance from 8story buildings), ROT (free ﬁeld). The data were sampled at 100 Hz and the average
noise H/V spectral ratios of each recording were calculated with the same procedure
described above.
At the same ten sites, Reftek stations had been installed between 25 November
1993 and 19 February 1994 (LACHET et al. 1996 [La]; TRIANTAFYLLIDIS et al. 1999
[Tr]) and recorded several local and regional events. Two types of sensors were used
at each site: An accelerometer Guralp CMG5 [Tr] and a broadband velocimeter
Guralp CMG40 (T ¼ 20 sec) [La] at eight sites (rectangulars in Fig. 1) or
alternatively a short-period Mark Product L22 (T ¼ 0.5 sec) at two other sites
(triangles in Fig. 1). [La] compared the SSR ratio and the H/V spectral ratios of weak
motion data with the H/V spectral ratios of ambient noise. They found that although
the three methods are equally able to reveal the site fundamental frequency, the
amplitude of the noise H/V spectral ratios is lower than that of the other two ratios.
In [Tr] SSR ratio and H/V spectral ratios of accelerometer data is compared. They
found that the fundamental frequency is identiﬁed by all methods, while the
ampliﬁcation level is generally underestimated when the H/V spectral ratio is used.
Moreover, they compared the spectral ratios of 1-D synthetics seismograms with
those derived from experimental data, and the two sets were found to be consistent at
most sites.
Due to the fact that both EW and NS horizontal components give similar H/V
spectral ratios, hereafter only results for the EW component are presented. In the
upper part of Fig. 3 the variation with frequency of the average noise H/V spectral
ratio for the EW component is shown compared with the corresponding mean value
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Figure 3
Comparison of the H/V spectral ratio from ambient noise data obtained in the present study (EW
component: black solid line) with earthquake receiver functions at the same sites. Vertical solid line
indicates the fundamental frequency.

from [La] and [Tr] receiver functions using earthquake recordings. In general, the
results indicate a similarity in fundamental frequency and overall shape of the H/V
spectral ratios at all examined sites between noise H/V spectral ratio and earthquake
receiver functions. More importantly, there is good agreement on the determination
of the fundamental frequency for most of the sites.
A systematic diﬀerence between the noise H/V spectral ratios and the
corresponding receiver functions of [Tr] in the low frequency band (f <1 Hz) was
observed, while good agreement is found in the higher frequency band. However, at
site LAB a signiﬁcant diﬀerence between the noise H/V spectral ratios and
accelerometer data is observed. At the site LEP, [Tr] receiver function was not
estimated, because the noise level at this site was very high, producing a poor signalto-noise ratio. Conversely, the very good agreement of noise H/V spectral ratio with
[La] receiver functions, based on velocimeter data, is evident for most sites for the
entire frequency range. Such an agreement also has been noted by CHÁVEZ-GARCÍA
and CUENCA (1996), TOSHINAWA et al. (1997) and OJEDA and ESCALLON (2000),
among others. However, at the site POL diﬀerences in low frequencies are most
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probably due to the L22 sensor (To ¼ 0.5 sec), used in [La]. Their results are less
reliable for frequencies below 2 Hz, due to the relatively poor response of L22 sensor
in this frequency range. At the ROT site ambient noise measurement was performed
about 30 m to the east of those of [La] and [Tr], probably explaining the observed
diﬀerence in a narrow band frequency between 5 Hz to 8 Hz. At the site OTE,
although the agreement between the three methods is satisfactory, the second
harmonic that clearly could be seen in the H/V receiver functions does not appear in
the noise H/V spectral ratio. Nevertheless, the agreement between the three
independent estimations may be considered as satisfactory, supporting the idea that
ambient noise measurements can be used as a reliable measure of site eﬀects in the
City of Thessaloniki.
Finally, based on layer thickness and shear-wave velocity values from ANASTASIADIS et al. (2001), we calculated the corresponding fundamental frequencies at
each site, using algorithms proposed by KANAI (1962) and HADJIAN (2002). Figure 4
(left part) shows for each examined site a comparison between the fundamental
frequencies estimated from: noise H/V spectral ratio, earthquake receiver functions
([La] and [Tr], selected from the H/V spectral ratios shown in Fig. 3), and theoretical
models. Figure 4 (right part) displays the graph that compares the fundamental
frequencies estimated from noise H/V spectral ratio with those from theoretical
models. A good agreement between them is observed for all sites. It is apparent that
the estimated fundamental frequencies by the aforementioned methods are in good
agreement at the sites AGO, LAB, ROT, OTE, KAL, TYF, LEP and AMP with
those estimated by the noise H/V spectral ratio. The striking disagreement observed
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Figure 4
Left: Comparison between the fundamental frequencies derived in the present study (grey light solid
circles), and those from KANAI (1962) with 1 standard deviation (black solid circles), LACHET et al. (1996)
(grey solid diamonds), TRIANTAFYLLIDIS et al. (1999) (grey cross) and HADJAN (2002) with 1 standard
deviation, (grey dark solid circles) at each site. Right: Plot of the fundamental frequencies derived in the
present study versus the theoretical values estimated from algorithms of KANAI (1962) with 1 standard
deviation, (black solid circles) and HADJAN (2002) with 1 standard deviation, (grey solid circles).
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at the site POL is due to the L22 sensor used by [La], as already explained. For the
site OBS, as a rock site, no theoretical fundamental frequency was estimated.
2.3. Diurnal Variation of the H/V Spectral Ratio of Ambient Noise
To study the diurnal variation of the noise H/V spectral ratios we recorded ﬁve
minutes of ambient noise data every one-hour for two consecutive summer days at
eight sites (Fig. 5) in the downtown district of the City of Thessaloniki. These sites
are spread in the historical center of the city where dense ambient noise
measurements are performed and display a variety of geological conditions
(ANASTASIADIS et al. 2001). The coupling between the sensors and the soil for the
sites PLD, CIT, IAS, was cement and the recording system was placed in the
basement of 8-story buildings. At the sites FOK, JWB, PHA, ELF the recording
system was placed in the ground ﬂoor of 8-story buildings and the coupling between
sensors and soil was mosaic. The ambient noise recordings are classiﬁed into ﬁve time
categories: morning (05:00 a.m.–9:00 a.m. GMT), midday (10:00 a.m.–13:00 p.m.
GMT), afternoon (14:00 p.m.–16:00 p.m. GMT) (with market open and closed),
evening (17:00 p.m.–21:00 p.m. GMT) (with market open and closed) and night

Figure 5
Location of the eight sites of the Thessaloniki downtown area, where diurnal and seasonal ambient noise
measurements were performed.
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Figure 6
Comparison of the average FAS of ambient noise data for diurnal variation (EW component: black line;
NS: dashed line; Vertical component: grey line).

(22:00 p.m.–04:00 a.m. GMT). The average noise H/V spectral ratios of each
category were calculated separately for each horizontal component, as described
before.
Figure 6 displays the average FAS of each component for all time categories
for each site. Looking at this ﬁgure, it is clear that spectral amplitudes of each
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component recorded on sediment sites (PLD, CIT, FOK, JWB, PHA, ELF) are
generally higher than those recorded on rock (OBS and IAS). On rock sites
Fourier amplitude spectra for all three components show remarkable stability in
time while on sediment sites they vary signiﬁcantly. In general, the FAS shape of
the vertical component is stable whereas its amplitude barely decreases during the
night period. The only exception is at site PLD, where the FAS of the vertical
component during morning measurements is higher than the others. In general,
daytime recordings present considerable ﬂuctuations in the FAS shape of the
horizontal components, caused mainly by urban man-made noise, whereas their
amplitude decreases considerably during night.
Figure 7 illustrates the comparison between the average H/V spectral ratios of
ambient noise measurements obtained for all time categories for each site.
Regarding the noise H/V spectral ratio results obtained for the ﬁve diﬀerent time
periods of a day, several comments can be made. First, at every site variations of
the noise H/V spectral ratio in terms of shape are similar in both horizontal
components, except for site JWB where a sharp peak appears in NS direction at
around 3 Hz. At all sites, variation in amplitude level of the noise H/V spectral
ratio is present. Such a variation also has been observed by other researchers (e.g.,
TEVES-COSTA et al. 1996; NAVARRO et al. 2001; ALFARO et al. 2001). Furthermore,
for the majority of the sites the amplitude level of the fundamental frequency
during the morning time period is smaller than for the night-time period. This is
particularly apparent at sites PLD, FOK, ELF and PHA. These sites are located
in buildings close to the main streets of the center of Thessaloniki, where peak
traﬃc occurs between 06:00 a.m.–14:00 a.m. GMT (TSILINGIRIDIS et al. 2002). This
is a strong indication that the noise H/V spectral ratio is inﬂuenced by man-made
activities during working hours, as has been noted in a number of relevant studies
(e.g., FYEN, 1990; GITTERMAN et al. 1996; MILANA et al. 1996). In addition,
BAHAVAR and NORTH (2002) also observed that high-frequency levels are higher
during local daytime than at night-time.
Using as reference H/V spectral ratio that of night measurements, divergence,
d[H/V], from the rest time categories are plotted as a function of frequency
(Fig. 8). In the same ﬁgure the 1 standard deviation of night measurements is
also given. In most examined sites, values of divergence higher than 1 standard
deviation are observed on fundamental frequencies pointing out signiﬁcant diurnal
variation of H/V spectral ratio amplitude level. However, at the sites FOK, PHA
and ELF, signiﬁcant divergences also appear in low frequency range (f < 0.4 Hz).
At these sites a ‘bump’ of the noise H/V spectral ratio at frequencies lower than
0.4 Hz is observed mainly during daytime. Some studies suggested that longperiod (T > 10 sec) noise is probably caused by local ﬂuctuation in the
atmospheric pressure ﬁeld. Although atmospheric pressure variation causes both
vertical and horizontal displacements, the associated ‘bump’ may be the principal
source of noise for horizontal components. It was found that noise variability in
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Figure 7
Comparison of ambient noise data for diurnal variation (Hew/V: black line; Hns/V: black dashed line).
Fundamental frequencies are indicated by a thin vertical line.

the long-period band appears mostly in the horizontal component whereas the
long-period vertical component is relatively stable as a function of time (SORELLS,
1971; SORELLS et al. 1971; PETERSON, 1993; GAULL et al. 1995; BODIN et al. 2001).
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Figure 8
Diﬀerence between the diurnal spectral ratios: dH/V = [H/V night – H/V other time category]. The
shaded area represents 1 one standard deviation of night recordings (Hew/V: black line and Hns/V: black
dashed line).

To check the stability of the noise H/V spectral ratio, the standard deviation for
each time category was estimated (Fig. 9). It is interesting to observe that there is a
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Figure 9
Comparison of the standard deviation of the noise H/V spectral ratio for diurnal variation. Morning
(black line), midday (black dashed line), afternoon with market open (grey to dark line) and closed (black
dashed/dotted line), evening with market open (grey light line) and closed (grey dark line) and night (grey
to light line).

fairly good stability and similarity in the shape of the standard deviation in the whole
frequency range for all time categories for the sites CIT, FOK, IAS, PHA and OBS.
However, at the sites PLD, JWB and ELF standard deviation values at frequencies
lower than 0.5 Hz are quite high.
Finally, we compared the diurnal variation of the atmospheric pressure (provided
by the Regional Meteorology Center, Meteorology Station of Macedonia Airport)
during the ambient noise measurement period with the diurnal variation of the noise
H/V spectral ratio. The variation of the wind speed (provided by the Regional
Meteorology Center, Meteorology Station of Aristotle University of Thessaloniki)
during our measurements was negligible. As shown in Fig. 10 the local atmospheric
pressure ﬁeld was relatively stable during the days that ambient noise measurements
were taken at sites PLD, IAS, ELF, PHA and OBS. Signiﬁcant atmospheric
variation (>5 hPa) is present only at sites CIT, FOK and JWB. In Fig. 11 two
striking examples comparing the diurnal variation of the atmospheric pressure with
noise H/V spectral ratio, are shown. At site ELF (upper part of Fig. 11) although
there is a ‘bump’ at frequencies lower than 0.4 Hz at the noise H/V spectral ratio of
daytime recordings, the corresponding atmospheric pressure is almost invariable. To
the contrary, at site CIT (lower part of Fig. 11) although signiﬁcant ﬂuctuation is
observed in the local atmospheric pressure ﬁeld, no ‘bump’ at frequencies lower than
0.4 Hz is found at the noise H/V spectral ratio. Similar behavior was observed for the
rest of the examined sites suggesting that, at least for the City of Thessaloniki and for
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Figure 10
Diurnal variation of the atmospheric pressure ﬁeld during the ambient noise measurement time period.

the low the frequency band (0.2 Hz < f < 0.5 Hz), the atmospheric variation ﬁeld
did not aﬀect the noise H/V spectral ratio.
2.4. Seasonal Variation of the H/V Spectral Ratio of Ambient Noise
In order to examine the seasonal variation of the noise H/V spectral ratio, ambient
noise measurements were performed during winter-time at the same eight sites
(Fig. 5). The recordings were divided into the same ﬁve categories and data were
processed in a similar way. The market during winter measurements was closed.
The seasonal variation of the average noise H/V spectral ratio as a function of
frequency is llustrated in Fig. 12. As can been seen, the shape of the noise H/V
spectral ratio at all sites shows a noticeable stability both in fundamental frequency
and amplitude level, especially during the evening and night measurements. At site
IAS a sharp peak at approximately 3 Hz appears in the summer-time measurements
however it is not apparent in the winter. This may be due to an unknown man-made
noise, present only during summer-time measurements. For all of our sites the
‘bump’ at low frequencies (below 0.4 Hz), wherever it was observed during summertime (e.g., at sites FOK and ELF) disappears during winter period measurements.
Using as reference the H/V spectral ratio of summer night measurements, diﬀerences
from the winter night periods are plotted in Fig. 13, together with the 1 standard
deviation of summer night recordings. In most examined sites, values of divergence
higher than 1 standard deviation are observed close to fundamental frequencies,
pointing out the signiﬁcant seasonal variation of the H/V spectral ratio amplitude
level.
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Figure 11
Comparison of the diurnal variation of the atmospheric pressure and the noise H/V spectral ratio at site
ELF (upper part) and CIT (lower part). Each H/V spectral ratio line corresponds to a discrete hour with a
5 min measurement.

As shown in Fig. 14 the local atmospheric pressure ﬁeld was relatively stable
during the winter period when ambient noise measurements were taken. Although
the variation of hourly traﬃc is similar for both the summer and winter periods
(TSILINGIRIDIS et al. 2002), at sites FOK and ELF the installation days were 24–25
December, which are characterized by relatively low traﬃc. Finally, the fundamental
frequency at all sites is practically constant, regardless of the season in which the
c
Figure 12
Comparison of the noise H/V spectral ratios between the summer (Hew/V: black line; Hns/V: black dashed
line) and winter period (Hew/V: grey dark line; Hns/V: grey light line).
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Figure 13
Diﬀerence between the seasonal spectral ratios: [dH/V = H/V summer night – H/V winter night]. The
shaded area represents 1 one standard deviation of summer night recordings. (Hew/V: black line and
Hns/V: grey dashed line).

measurements were performed, as has also been observed by other researchers
(DUVAL et al. 1995; SUZUKI et al. 1995; BOUR et al. 1998; DELGADO et al. 2000;
LEBRUN et al. 2001).
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Seasonal variation of the atmospheric pressure ﬁeld during the summer (black line) and the winter period
(13–31/12/2002) (black dashed line).
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3. Discussion and Conclusions
The objective of this study is to examine the ability and reliability of the H/V
spectral ratio technique using ambient noise measurements in site characterization in
an urban environment, taking as a test area the City of Thessaloniki (northern
Greece). Reliability tests performed in our study, although focused in certain cases,
led us to the following conclusions:
 The recording system that was selected to be used for massive measurements
gives reliable results within the frequency range of 0.2 Hz to 20 Hz.
 The H/V spectral ratios of ambient noise recordings at selected sites within the
City of Thessaloniki were found to be in good agreement with respective results
from previous studies using the H/V receiver function technique.
 The H/V spectral ratios of ambient noise in both horizontal components were
found to be similar in terms of amplitude level and shape.
 The study of the diurnal variation of the H/V spectral ratio of ambient noise
suggested that it is preferable to perform ambient noise measurements during
the calm hours of a day, when man-made noise within the urban environment
does not exceed a desirable level.
 It was observed that for the City of Thessaloniki there is no systematic seasonal
eﬀect on the H/V spectral ratio of ambient noise.
Additional reliability tests could also have been performed to extensively
investigate the inﬂuence of many other parameters on the ambient noise H/V
spectral ratio (e.g., DUVAL et al. 2004). However, such a thorough investigation was
far beyond the aim of this study. Nevertheless, the aforementioned limited number of
tests may be considered as a minimum prerequisite before one attempts to perform
massive ambient noise measurements in urban environments for a site response
investigation.
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