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Abstract. In this paper is presented the study of site response parameters of Albanian
Seismological Stations (ASN) from ambient noise measurements and felt earthquakes. The
seismological stations of Albania which use the VSAT communication technology are located
generally in hard rock formations.
The aim of Methodology is to compare the response parameters of the sites (fundamental
frequency, amplification) for registered seismic signals, from microtremors and the earthquakes as well.
The predominant frequency of the site of every seismological station site is determined using
the methodology of Horizontal to Vertical Spectral Ratio (HVNR), of the triggered noise and several
felt earthquakes in Albania territory. From the results of this study, is concluded that fundamental
frequency (F0) and the amplification in this frequency (A0), are almost the same for the microtremors
and seismic events. As far as for the amplification factor, we concluded that on the sites of
seismological stations situated on hard rock (basement) there is not amplification. In the contrary, for
the Vlora station site, the amplification factor is 5–6 at fundamental frequency 6 Hz, showing that this
station is not situated on the hard rock. The microtremors are a useful technique for the site
assessment effects, used in microzonation of urban areas, that complement the lack of seismic data in
a region (boreholes, geology, etc.)
Key words: ambient noise; microtremors; spectral ratio; seismic microzonation; seismic
ambient noise; fundamental frequency, amplification factor.

1. INTRODUCTION
The site response of a seismic event can lead on big vibrations of the earth,
which causes high damages of the structures even on the case of moderated
earthquakes. During last decades, are made several theoretical and empiric studies,
in order to understand the physical and the nature of this phenomenon. Particularly,
is shown that the fundamental frequency usually is represented on unconsolidated
lithological formations Sanchez-Sesma, 1996; Luzon et al., 2002). For this reason,
the amplitude and the duration of the earth vibration on the earth surface could be
much bigger than in sites situated on bedrock. Of interests, is that the impedance
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contrast between sediment basin and the basement rock, can affect the amplitude
and duration of the earth vibration during a future seismic event.
The Seismological Stations of Albania, Institute of Geosciences that use the
VSAT communication technology, are installed generally above hard rock
basement (Table1). A new, fully integrated digital seismographic system (Libra
VSAT), using the satellite communication, is currently under implementation. The
central hub data acquisition system and six VSAT remote stations are already
under operation. An additional one has been just commissioned, and very soon
we’ll have it installed on Berati (BERA). The digitizers used with Libra VSAT
system are of TRIDENT type, 24 bits, with dynamic range of 142 dB, satellite
transceiver CYGNUS. The type of sensors accepted from this digitizer, are
maximally three-axial. Six remote sites are installed on SRN, PHP, KBN, BCI,
PUK, and VLO and transmit continuously the data on real time. The stations
operate with the following BB sensor types: CMG-40T, (SRN, BCI) and
TRILLIUM 40T, (PHP, PUK, KBN, VLO, BERA). Real-time data transfer by
satellite communications began at the end of July 2003 for two VSAT remote stations.
The Tirana master station (TIR) uses also Libra VSAT technology, and is
operated in collaboration with MedNet project, as part of the MedNet seismic
network. Continuous real time data are transmitted at INGV/Rome via satellite
communication, and are then transferred to our Institute via Internet. The TIR
station is equipped with a STS-2 broadband sensor.
Table 1
Seismological Stations of Albania (VSAT)
Geographic
latitude

Geographic
longitude

Elevation

BCI

Name of
the
station
B.Curri

42.3666

20.0675

500

KBN

Korca

40.6236

20.7874

800

PHP

Peshkopi

41.6847

20.4408

SRN

Sarande

39.8800

TIR

Tirane

VLO
PUK

Code

Geological
Formation

Instrument
Cygnus

900

Ultrabazic
Rocks
Burdigalian
Marnes
Limestone

20.0005

20

Limestone

Cygnus

41.3477

19.8650

198

Cygnus

Vlore

40.4686

19.4955

80

Puke

42.0426

19.8926

900

Tortonian
Sandstones
Pliocene
Sandstones
Ultrabazic
Rocks

Cygnus
Cygnus

Cygnus
Cygnus

Sensor
CMG40T
Trillium
40T
Trillium
40T
CMG40T
STS-2
Trillium
40T
Trillium
40T

Data registered from the above mentioned seismological stations, used on the
interpretation, consists on several felt earthquakes on Albania territory. The two of
them are presented in this study.
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The event of 24 October 2008 with magnitude ML= 4.5 Richter felt in Tirana
city. The epicenter of this earthquake was localized around 40km south-east of
Tirana, at depth 4 km. Even though the epicenter of this earthquake was far from
Tirana, its intensity was estimated IV according to EMS 98 scale (Fig. 1).
The earthquake of 31 January 2009, with magnitude ML=3.3 Richter and
epicenter in Vlora District, which was evaluated with an intensity IV, EMS 98 on
the epicenter (Fig. 2).
In this study are used microtremors registered in a time interval 3–10 min for
every station.
Microzonation Studies are good tools for seismic risk assessment of urban
areas. To carry out such studies, important is the estimation of site response from
earth vibrations. Several empiric studies have been carried out having as purpose
the seismic microzonation of urban areas. For the identification of fundamental
frequency and the amplification amplitude of sediments, Kanai et al. (1954) took in
consideration the Fourier Spectrum of horizontal component of microtremors. For
the first time Nakamura (1989) proposed in this year, the technique of three
components registration of the earth vibration in a specific site and the use of the
horizontal to vertical spectral ratio technique (HVNR). The HVNR methodology is
widely used to identify the fundamental frequency of the site in a specific location
which in most of cases shows good relations with the geology of the region. During
the last years a big number of microzonation studies have been carried out in urban
and very dense populated areas using this technique.

Fig. 1 – The event of 24 October 2008 and its parameters.
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Fig. 2 – The event of 31 January and its parameters.

2. HVNR TECHNIQUE AND ITS APPLICATION
ON THE SEISMOLOGICAL STATIONS OF ALBANIA
The HVNR technique consists on the registration of three components of
earth vibration (seismic event or noise). The spectral ratio of horizontal component
over the vertical one (H/V) gives the fundamental frequency and the amplification
factor in this frequency. This technique was proposed earlier by Nogoshi and
Igarashi (1971). Later on, the technique began to be widely used in urban areas of
Japan, from (Nakamura, 1989). The initial results were experimental and very
positive. In the locations where hard rock is underlain the soft sediments, the
spectral H/V ratio shows a peak. These peaks are stable during the time and
frequency, and can be accepted as natural (resonant) frequency of the site (Duval
et al., 1994; Duval, 1996). Before the use of HVNR technique, the only way to
identify the fundamental frequency of the earth was through measurement of the
seismicity of a region and the comparison of it with a reference site. Through the
HVNR methodology only few minutes are enough for the registration of seismic
signal in a specific site, to get the resonant frequency of it. The HVNR technique
holds up in the hypothesis that, the horizontal and vertical vibration in the interface
between basement and the sediment are equal. Taking in consideration this
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hypothesis, the site effect on the earth surface S(f), can be estimated getting the
ratio of horizontal over vertical vibrations;
S( f ) =

H( f )
.
V( f )

(1)

The Nakamura’s technique, was developed by Konno and Ohmachi (1998),
extending it for a multilayered model. These authors reinforced this technique,
which up to know has not a theoretical explanation. Several studies on the
microzonation of urban areas show that the HVNR methodology, gives the
resonant frequency on a specific site (Lermo and Chavez-Garcia, 1994; Field and
Jacob, 1995; Lachet et al., 1996; Seekins et al., 1996; Coutel and Mora, 1998).
Other works on this topic have shown that this technique can be applied in
the seismic wave simulation, such as sedimentary basins, (Al Yuncha and Luzon,
2000; Dravinski et al., 1996). From numeric studies of flat geological deposits, the
technique of HVNR can predict very well the local fundamental frequency, if there
is impedance contrast between sediments and rock basement (Luzon et al. (2001).
Many works are carried out in huge urban areas around the world, using the
technique of Nakamura HVNR, such as Ibs-Von Seht and Wohlenberg (1999) in
the lower Rhine (Germany), Delgado et al. (2000) in the valley of Segura river
(Spain), Navarro et al. (2001) in Almeria (Spain), or Paschalis., et al. (2004) in
Thessaloniki (Greece).
On the current study, several felt earthquakes have been registered and
microtremors are used triggering seismic noise, in 7 stations of Albanian
Seismological Network using VSAT communication technology. The registered
traces of earthquakes have time duration of 3–5 minutes. Whereas, the horizontal
and vertical components of microtremors, are triggered in a time interval 3–10 min
for the stations BCI, PUK, SRN, PHP, TIR, VLO and KBN. Triggered noise
(microtremors) is taken during midnight and midday in order to compare the
results. Knowing that the data have been collected in central Station, there is not a
need for the shifting of traces. Generally, the seismic signals are not affected from
mechanical noises, since the stations are situated far from populated areas. The
selected windows used in the interpretation with the HVNR methodology are 20–30s
for both the signals from earthquakes and the microtremors as well. The Fourier
transformation is carried out to the selected signal, smoothed with the Hanning
window 0.7 Hz. The horizontal to vertical spectral ratio is taken using the expression;

S( f ) =

2
2
H NS
( f ) + H EW
(f)

V( f )

,

(2)
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where H NS ( f ) and H EW ( f ) are the North-South and East-West respectively. The
used methodology consists to the application of equation 2, in successive windows
along the recorded seismic traces. This procedure, gives some functions of HVNR
that can be presented in the shape of H/V ratio graphics, versus frequency and time.

3. RESULTS OF HORIZONTAL TO VERTICAL SPECTRAL RATIO

Several microzonation studies aim to the estimation of the amplification and
fundamental frequency for a specific site during a future expected seismic event.
The Nakamura’s technique, as used in this study, shows that in general, the HVNR
method leads to the same results of the fundamental frequency and the
amplification factor during a seismic event and microtremors as well. A way of
microzonation studies is the two-dimensional mapping (2D) of fundamental
frequency and the amplification. In Fig. 3a is presented recorded seismic noise for
the stations TIR and VLO, whereas in the Fig. 3b are represented the results of
HVNR technique for the sites of seismological stations.
From Fig. 3b, it is clear that in the foundation of TIR Station there isn’t
predominant frequency, even though a small peak of amplification up to 2 appears
in the frequency 0.6 Hz. In general, for the entire frequency band, the site
amplification is close to 1 (the black line). The interrupted black line shows the
Standard Deviation. This result, shows that this station is situated in bedrock (Table
1), which does not give amplification. On contrary, The VLO station shows a
completely different situation. There is a representation of two peak frequencies,
6Hz and 12Hz with amplification factors 4 and 5 respectively. This fact shows that
the station VLO is not installed above the rock formations. The presence of two
frequency peaks can be explained by the presence of two thin successive layers
with soft sediments and soils. In Fig. 4 are depicted the H/V results for the stations
BCI and PHP (Table 1), which are situated in hard rock formations. On the
foundation of BCI station, an amplification factor is present (0.6 Hz), which could
be related to another deep geological interface, which needs further discussion in
future. Fig. 5, represents the H/V results for the stations PUK, SRN and KBN. All
three stations are located above hard rock formations (Table 1) and as seen from
Fig. 5b, there isn’t amplification on the sites of the stations. In the PUK station is
presented a frequency peak, 15Hz, with amplification 3, which could be the effect
of near surface soils.
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a)

b)
Fig. 3 – a) Registered seismic noise; b) frequency functions of the HVNR technique (black line)
for the seismological stations TIR and VLO.
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b)
Fig. 4 – a) Registered seismic noise; b) frequency functions of the HVNR technique (black line)
for the seismological stations BCI and PHP.
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b)
Fig. 5 – a) Registered seismic noise; b) frequency functions of the HVNR technique (black line)
for the seismological stations PUK, SRN and KBN.
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a)

b)
Fig. 6 – a) Earthquake traces of 24 October 2008; b) frequency functions of HVNR Technique
(black line) for the stations BCI, KBN, PUK and SRN.
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a)

b)
Fig. 7 – a) Earthquake traces of 31 January 2009; b) frequency functions of HVNR Technique
(black line) for the stations BCI, PHP, PUK, SRN and VLO.
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The H/V results for the earthquake of 24 October 2008, with magnitude
ML=4.4 Richter and epicenter in Elbasani district are presented in Fig. 6 whereas
for the earthquake with magnitude ML=3.3 Richter with epicenter in Vlora district
are presented in Fig. 7.
From Fig. 6b, seems that the HVRN technique shows the same results with
the microtremors, represented in Figs. 3, 4 and 5. The amplification factor in
relation to frequency is the same with that of seismic noise and in most of stations
close to 1, showing the presence of hard rock. The VLO station represents the same
results with that of microtremors, the same resonant frequencies and amplification
factors, with the only change that, another peak is presented in the frequency
2.2Hz, and amplification 3. In general, the site amplification in the case of
earthquakes is a little bit stronger comparing to microseismic noise (Figs. 6b, 7b),
but the continuity of it is almost the same for all the band of frequencies.
4. CONCLUSIONS

In this study is investigated the stability of site response on the foundations of
Seismological Stations of Albania through the HVNR methodology. The
microtremor and earthquake recording are used in interpretation of results. The
data used are from several felt earthquakes, and random triggered noise in a time
interval 3–10 min. The results of this study have shown that the amplification of
the station sites in general is close to 1 that was expected, knowing that these
Seismological Stations are installed in hard rock geological formations. The
situation is completely different only on the VLO station where the site
amplification shows two peaks, in frequencies 6Hz and 13Hz from microseismic
noises, and 3 peaks with different amplification in frequencies 2.2Hz, 6Hz and
15 Hz for the earthquakes. Due to the fact that this station is not situated above
hard rock, frequency peaks are present. This station has to be reinstalled at other
place, above rock formation. The H/V results are almost the same for the seismic
events and microseismic noise recordings. Some of the sites of the seismological
stations tend to have small amplification on high frequencies, but this could be as
consequence of thin sedimentary soils covering the rock formations.
As a conclusion, from results taken from this study we can say that there are
practical possibilities to use the HVNR technique to the microzonation studies on
urban areas in Albania.
Microtremors are a tool of microzonation studies that is widely used around
the world, to predict the amplification function of a specific site during an expected
earthquake on the future. The HVNR and SPAC microzonation techniques are of
low economical cost. A better part of microzonation studies, has as an aim the
determination of fundamental frequency and amplification factor, the realization of
Vs profiles up to the depth of the basement rock. The techniques of HVNR as used
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in this study, is a good tool for the determination of local fundamental frequency
and the site amplification.
The microzonation methodologies HVNR and SPAC, in cooperation with
other conventional seismic methods (reflected seismic waves, refracted seismic
waves, bore holing, and other geophysical, geotechnical methods etc.), which are
more costly and in some cases the implementation of them is impossible inside
urban areas, are effective methodologies for the microzonation studies that can be
used successfully in Albania as well.
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