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ABSTRACT
Widely distributed Bottom-Simulating Reflectors (BSRs) have been observed
in the area offshore of southwestern Taiwan where the active accretionary complex
meets with the passive China continental margin. In order to clarify the link between
seismic site response and sedimentary properties of submarine slope, we evaluate
the response of seafloor sediments in regard to passive dynamic loads. The local
site effect produced by shallow marine sediments was characterized by estimating
the horizontal-to-vertical (H/V) spectral ratios of data recorded by the short-period
Ocean Bottom Seismometers (OBSs). The results show that the maximal H/V ratios
appeared in the range of 3.66 - 9.28 Hz, suggesting that the fundamental frequency is
dominated by the effect related to the very shallow sediments. For most stations, the
H/V ratios estimated based on the earthquakes and noise records were characterized
by different patterns. Relatively broad H/V pattern was obtained when the signals
were extracted from earthquakes. This phenomenon may be related to soil nonlinearity when a stronger motion applies. In comparison with the available geological
structures and bulk density distribution obtained from coring experiments, we found
a relatively higher fundamental frequency of about 8 - 9 Hz for the more rigid material, such as mud diapir and folding axes. For most of the area along the slope, the
fundamental frequency shows a relatively low value, about 6 - 8 Hz. Finally, when a
site is characterized by thick or lowest bulk density sedimentary layer, we observed a
fundamental frequency lower than 5 Hz, which is the lowest in our assessment.

1. Introduction
The southwestern offshore area of Taiwan, located in
the northeastern part of the South China Sea, is characterized
by wide-spread occurrence of bottom simulating reflectors
(BSRs), indicating the potential existence of gas hydrates
(Chuang et al. 2006; Jiang et al. 2006; Liu et al. 2006; Yang
et al. 2006). The presence of gas-hydrate in the submarine
sediment could vary its physical properties. The gas-hydrate
dissociation induced by the human or non-human activities,
such as gas hydrate exploration, change of temperature,
pressure and sea level, etc., may weaken the marine sedimentary strength and cause serious slope instability prob-
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lems (Kayen and Lee 1991; Sultan et al. 2004; Mienert et
al. 2005; Haacke et al. 2008). In addition, the SW Taiwan
lies at the northern termination of the Manila Trench active
tectonic zone and is affected by the present-day geodynamic
processes (Lin et al. 2008, 2009, 2015). The 2006 Hengchun
earthquake of ML 7.0, 44.1 km deep, occurred in the area
and caused the interruption of a number of submarine cables
(Hsu et al. 2008). Past and recent observations have shown
that the intensity of ground motion during an earthquake
is more important in sedimentary basins than on hard rock
structures (Borcherdt 1970; Johnson and Silva 1981; Wen
1994; Wen and Peng 1998; Huang 2000, 2002; Koketsu and
Kikuchi 2000; Komatitsch et al. 2004; Lee et al. 2009). Marine seafloor consists of substantial sediments, which could
cover the hard rock feature and increase the ground motion.
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Therefore, how the seafloor sediments respond to the external driving forces and the influence of tectonic processes on
the dynamics of gas hydrate systems should also be taken
into account for the submarine hazards. In consequence, it
is equaled important to understand the geological surface
structures, as well as the site conditions, in regards to the
site effect evaluation. To perform site investigation, drilling boreholes is the most conventional method, which can
acquire detailed geotechnical information. However, it is
expensive and time-consuming for the marine area. Different approaches related to the spectrum analysis have been
applied to evaluate the local site response (Nakamura 1989;
Lermo and Chávez-García 1993; Field and Jacob 1995).
The principle is to evaluate spectral ratios, from which the
peak site frequency (fundamental frequency) and the associated amplification factor could be determined. This method
has been widely utilized for the onland area, including the
determination of seismic microzonation (Bour et al. 1998;
Lee et al. 2001; LeBrun et al. 2004), seismic site effect
evaluation (e.g., Sokolov et al. 2007), bedrock depth mapping (Ibs-von Seht and Wohlenberg 1999), and shallow soil
shear-wave velocity structure profiling (e.g., Scherbaum et
al. 2003), etc. However, few studies have been introduced
for the marine area, where site characterizations are even
more difficult to investigate than those onland.

In this study, based on the OBS data acquired in 2013
and 2014, the evaluation of the local site effects for offshore
southwestern Taiwan was conducted based on the most
popular and world-wide approach through the calculation of
the horizontal to vertical spectral ratio. Accompanied by the
regional geological and coring results, we attempt to characterize the local sediment response for the marine area.
2. Geological background
Located in the transition from subduction to collision,
the offshore southwestern Taiwan is characterized by a series of fold-and-thrust structures (Liu et al. 2006; Lin et al.
2008), the common structures in the convergent zone. Further to the west, a deformation front, extending from the
northern tip of the Manila Trench, along the Penghu Canyon, to the frontal thrust of the Taiwan mountain belt on
land (Liu et al. 1997, 2004), separates the passive China
continental margin and the submarine Taiwan accretionary wedge. The horst-and-graben structures of the passive
margin prevail with a ENE-WSW or E-W direction to its
west (Sun 1982; Hu 1988; Yang et al. 1991). To its east,
the accretionary wedge can be divided into upper-slope and
lower-slope domains based on the seismic data (Reed et al.
1992; Liu et al. 1997; Lin et al. 2008) (Fig. 1). A series of

Fig. 1. General map and the positions of the OBS stations for
the 2013 and 2014 experiments. Light shadow zones show
the mud diaper determined by Chen et al. (2014).
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mud diapirs is found in the upper-slope domain (Sun and
Liu 1993; Chiang and Yu 2006; Chen et al. 2010, 2014).
The diapiric structures strike in a NE-SW direction, parallel
to the structural trend of the folds and thrust faults, and can
be traced to adjacent onshore structures (Chiu et al. 2006),
indicating active fluid expulsion in the accretionary wedge.
Otherwise, the lower-slope domain is characterized by a series of elongated submarine anticline ridges related to active
thrusting and folding (Liu et al. 2004; Lin et al. 2008).
3. Method and Data
The method developed by Nakamura (1989) which introduced the horizontal-to-vertical (H/V) spectral ratio based
on empirical observations was used for our study. Its basic
assumption is that the vertical component of the ground motion would not be influenced significantly by the local site
conditions. When HB/VB is equal to 1, where HB and VB are
the amplitude spectrum of the horizontal and vertical component for the rock site, the site effect of sediment site can
be estimated as SE, which can be described as: SE = HS/HB.
In this equation, HB and VB are the amplitude spectrum of
the horizontal and vertical component for the sediment site.
Thus, the H/V can be obtained by dividing the horizontal
spectra by the vertical spectral “reference” component. This
technique has been described in a number of papers in detailed (Lermo and Chávez-García 1993; Teves-Costa et al.
1996; Bour et al. 1998; Fäh et al. 2001; Zhao et al. 2006). In
the previous works, the technique was applied to weak and
strong ground motions, which refer to the ambient noise and
earthquake wave signal. They showed that the H/V spectral
ratio clearly defines the resonance peaks, which are well
correlated with the preferential vibration mode of the site in
soft soil sites, and reveals the overall frequency dependence
of the site response.
The passive Ocean Bottom Seismometer (OBS) data
were acquired in the summer of 2013 and 2014. During

(a)

(b)
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the 2013 experiment, 6 OBSs were deployed in OR3-1672
cruise and recorded data from 28 March to 11 April 2013.
However, one OBS, 2013-OBS01, has not been recovered
successfully. In 2014, 8 OBSs were deployed by using the
OR3-1756 cruise and have stayed on the seafloor between
18 April and 11 May 2014 to listen to the natural earthquake
and noise signals. In this experiment, 2014-OBS04 was
missed. The study area of the 2013 experiment was focus
to the southern area of the Kaoping Canyon (KC); whereas
the target moved to its northern part in 2014 (Fig. 1). The
OBSs were deployed at a water depth between 442.35 and
1327.31 m with a sampling rate of 125 Hz. The objectives
of these projects were to learn about the seismic activity in
the gas-hydrate potential sites and understand the change of
site ground motion in response to the noise and earthquakes.
Both experiments used MicrOBS Plus, an instrument developed by the French Research Institute for Exploitation
of the Sea (Ifremer) (Auffret et al. 2004). These short-period type devices were packaged within a 17” glass sphere,
which includes the electronics, the batteries and one threecomponent 4.5 Hz geophone (Geospace GS-11D). The instrument response for the geophones is shown in Fig. 2. One
broadband-type hydrophone was also fixed on the instrument frame, ~0.5 m above the seafloor. The coupling of the
instrument to the sea bottom is extremely important. To further optimize the coupling of the instrument, a steel weight
in the form of a cross with a U-profile, was used to ensure
good penetration of the ballast weight into the seafloor.
For the instrument deployment and recovery, the OBSs descended to the sea floor and were released by electrolysis of
a burn wire attached to ballast weights and triggered by an
acoustic signal from the ship. After downloading the data,
visual inspection was performed to determine the P- and Sarrivals, based on which we determined the data windows
for the frequency domain analysis (Fig. 3). A 10-s time window before the arrival of P-wave and following directly the
S-wave were selected to estimate the effect of the ambient

(c)

Fig. 2. Geophone response of (a) MicrOBS, (b) Yardbird type OBS (YB2), and (c) the CWB submarine cable (EOS1).
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Fig. 3. Example for the selection of time windows used in our analysis. In (a), the waveform shows the vertical component for one earthquake recorded by 2014-OBS05. The two gray dashed squares are the 10-sec time windows that we selected for the H/V calculation. (b) and (c) demonstrate
the waveform in the three components, which are vertical (V), horizontal 1 (H1), and horizontal 2 (H2).

noise and the earthquakes signals (Fig. 3a). For the ambient noise analysis, we avoided the time periods with any
transient signals. While visually inspecting the records, the
existence of several local, regional, and teleseimic events
were clearly evident. In total, we determined 47 and 149
earthquakes for the 2013 and 2014 OBS experiments for a
recording period of 12 and 23 days (Fig. 4). Significant differences in signals levels between horizontal and vertical
components were evident (Figs. 3b and c). The amplitude
of the two horizontal components had similar magnitude for
both the ambient noise and earthquake signals. For the ambient noise, the signal amplitude for the horizontal component is about 5.0 × 10-5 cm s-1, whereas the signals recorded
in the vertical component only had the one-tenth of those
recorded by the horizontal ones (Fig. 3b). The amplitude
for the earthquake records were of the order of magnitude
of 10-3 cm s-1 for the horizontal components. However, the
amplitude could be drop to the order of 10-5 cm s-1 for the
vertical one (Fig. 3c). Based on these time series data, the
Fourier amplitudes were calculated using cosine-tapering
(1 second at each end) before transformation and smoothed
with triangular moving Hanning window (0.25 Hz) in the
0.1 - 20 Hz frequency band for each of the three components
at each site. Finally, the root mean square of the two horizontal components was calculated to produce the horizontal spectra (Yamanaka et al. 1994), which was then divided
by the vertical component to obtain the H/V ratio. As each
earthquake can provide a set of data, we estimated the final H/V curve of each station by calculating the average of
the value obtained for each station (Figs. 5 and 6). We can

notice that the behavior of most H/V curves for the same
site were similar, even though the data was extracted from
different time windows. This observation suggests that our
result is robust.
4. Results
The H/V curves determined from the onland seismic
data can be categorized into several general types (LeBrun et
al. 2004). Similar patterns can also be observed for the H/V
curves estimated from the ambient noises based on the OBS
records. Some OBSs stations show a sharp distribution, with
predominant frequency peak that is easy to define, e.g., 2013OBS03, 2013-OBS05, 2014-OBS03, 2014-OBS07, and
2014-OBS08 (Figs. 5 and 6). Other stations, such as 2013OBS02, 2013-OBS04, 2014-OBS01, and 2014-OBS06, the
H/V curve is broad and the predominant frequency is not as
distinct. In these cases, the predominant frequency was determined when the amplification is maximal. Three stations,
2013-OBS06, 2014-OBS02, and 2014-OBS05, have a rough
H/V pattern, with some amplification displayed but the predominant period is not clearly defined. In this case, the average H/V ratio which has the largest value was taken to be
the fundamental frequency. The peak frequency and its corresponding H/V amplitude are indicated in Tables 1 and 2.
With regard to the H/V curves calculated based on the earthquake signals, a relatively broader distribution and greater
amplification were revealed. The fundamental frequency
became less evident. Generally, the H/V spectral ratios of
the OBS obtained from the ambient noise indicate that the
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Fig. 4. Distribution of epicenters of earthquakes used in this study for the 2013 and 2014 experiment. Color shows the focal depth.

Fig. 5. The H/V curves calculated based on the pre-event ambient noise and the earthquake signals for the 2013 OBS experiments. The black line
shows the average.
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Fig. 6. The H/V curves calculated based on the pre-event ambient noise and the earthquake signals for the 2014 OBS experiments. The black line
shows the average.

Table 1. Fundamental frequency, amplitude and bulk density estimated from 2013 experiment.
Station

ambient noise

earthquake

bulk density (g cm-3)

peak frequency (Hz)

amplitude

peak frequency (Hz)

amplitude

2013-OBS02

6.96

31.48

6.53

65.49

1.58

2013-OBS03

7.81

37.40

5.49

83.94

1.66

2013-OBS04

8.06

44.89

6.65

194.11

1.60

2013-OBS05

7.81

65.70

4.76

58.16

1.63

2013-OBS06

8.54

38.73

8.85

92.56

1.70
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Table 2. Fundamental frequency, amplitude and bulk density estimated from 2014 experiment.
Station

ambient noise

earthquake

bulk density (g cm-3)

peak frequency (Hz)

amplitude

peak frequency (Hz)

amplitude

2014-OBS01

6.71

26.24

6.10

40.87

1.69

2014-OBS02

5.13

24.09

3.66

39.69

1.56

2014-OBS03

9.28

51.59

9.16

90.55

1.63

2014-OBS05

6.10

26.02

4.76

60.40

1.70

2014-OBS06

7.69

23.53

5.98

83.54

1.68

2014-OBS07

8.54

38.26

9.16

68.96

1.73

2014-OBS08

7.81

15.14

8.18

15.60

1.74

dominant frequency is in the range of approximately 5.13 9.28 Hz (Figs. 5 and 6; Tables 1 and 2) and the amplification
spreads from 15.14 - 65.70. Even though similar frequency
values, ranging from 3.66 - 9.16 Hz, could also be observed
for the H/V curve calculated from the earthquake signals, the
dominant frequency is generally lower than those obtained
from ambient noise (Figs. 5 and 6; Tables 1 and 2). In contrast, the H/V amplification is much greater under the influence of earthquakes, which has an average of about 60 and
can reach as high as 194.11 for 2013-OBS04. Basically, no
significant difference regarding the H/V distribution for the
two different study areas was found.
5. Discussion

5.1 The Origin of the Fundamental Frequency
As similar fundamental frequency can be found for
all the OBSs, the instrument response could be the suspect
for the origin of these ground motion manifestation. The
instrument response of the OBSs shows that the predominant frequency at the range of 5.13 - 9.28 Hz estimated
from our study should still in the instrument recording capacity (Fig. 2a). However, in order to further certify that
the predominant frequency was not instrumental artifacts,
we put our instrument on the solid cement ground to record
the ambient noise for several hours and then estimated the
H/V based on this onland record (Fig. 7). The H/V estimation shows a predominant peak of 12.99 Hz, which largely
varies from those estimated by the OBS deployed at sea
(Figs. 5 - 7). Based on the conventional equation introduced
by Dobry et al. (1976), we could estimate the depth of the
contrast boundary from the peak frequency value. The equation can be described by F = v/4h, where F, v and h represent the dominant frequency, shear-wave velocity and the
thickness of the contrast boundary, respectively. The solid
cement ground, usually made up by 1 or 2 m of cement, may
produce a strong contrast boundary at very shallow depth
and generate a H/V peak at higher frequency band. Thus,
instead of the instrument response effect, the fundamental
frequency obtained based on the OBSs data should reflect

truly the H/V characteristic of the ground motion. For another aspect, even though several previous studies have
shown that the use of short-period instrument is appropriate
to estimate the H/V characteristics, it could be still uncertain
if a short-period type instrument can reveal the amplification of the signals occurred at the low frequency band due to
instrument response. To clarify this point, we estimated the
H/V curve based on the records of Yardbird OBS, a product
developed by the engineering team formed between IES (Institute of Earth Sciences, Academia Sinica), IUT (Institute
of Undersea Technology, National Sun Yat-san University),
and TORI (Taiwan Ocean Research Institute). Yardbirds is
equipped with an upgraded geophone sensor with flat velocity response up to 3 s (Fig. 2b), which allow recording
the signals of relatively much lower frequency in regards
to the OBS used in our study. In addition, the sensor package of the Yardbird type OBS is separated from the system
package, whereas the geophone sensor is integrated in the
glass sphere for our OBSs. The comparison between the
analyses obtained from the data recorded by the two types
of instruments could help to clarify if our results were affected by the instrument response or coupling problem with
the ground. However, none of Yardbird type OBS has been
deployed in our study area. We thus chose the data recoded
by a Yardbird OBS deployed at a similar water depth in
the Okinawa Trough (YB02; 122.5°E, 24°N; 1524 m deep)
for the comparison. As the result, the H/V curve of YB02
showed a dominate frequency peak at 7.56 Hz, which is in
the frequency range obtained in our study (Fig. 7). Therefore, we suggest that this fundamental frequency range has
no relation with the instrument type, either with the shape
of instruments. The peak frequency was actually influenced
by the ground motion of the seafloor.
Experimental data shows that the thickness of the
contrast boundary in the sediments affects the value of the
fundamental frequency. We used the conventional equation
introduced by Dobry et al. (1976), already discussed in the
previous paragraph, to estimate the depth of the contrast
boundary. The H/V curves obtained based on the OBS ambient noise record for the 2014 study area show the dominant
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frequency ranges between 5.13 and 9.28 Hz. In addition,
Cheng et al. (2014) obtained the shear-wave velocity model
in our study area based on the seismic reflection data, which
has a value vary from 320 - 580 ms-1 for the shallow part of
the sedimentary layers. In consequence, the estimated thickness should be between 8.6 and 40.3 m, which is relatively
thin compared to the depth of sedimentary basin reported by
some seismic profiles. This estimation infers that the fundamental frequency of the marine sediments is mainly controlled by the unsolidified sediments located on the top of the
seafloor. To examine this assumption, we calculated the H/V
ratios based on the data recorded by the cable-based ocean
bottom seismographic observatory, named “Marine Cable
Hosted Observatory” (MACHO) (Hsiao et al. 2014). The
installed instruments of the observatory include a broadband
seismometer (EOS1), which is fixed to the seafloor and buried in the marine sediments. Figure 2c shows its instrument
response. Its H/V curve shows that no specific amplification
exists for the frequency higher than 1 Hz and only a small
rise at the frequency of about 0.17 Hz. Thus, we suggest that
if the instrument is buried into the sediment, it would not be
affected by the shallow sedimentation and no fundamental
frequency appears at the frequency band higher than 1 Hz. It
is worth noting that the H/V spectral ratio of ambient noise
is usually correlated to the average S-wave velocity in the
top 30 m, which is refer to Vs30. Based on a analysis in the
southwestern Taiwan inland area, Kuo et al. (2015) defined
a linear correlation between Vs30 and the dominant frequency. In their study, the class C, characterized by a Vs30 in the
range of 360 - 760 m s-1, processes similar fundamental frequency as our study. This coincidence may also suggest that
the H/V distribution estimated by the OBS should indeed be
caused by the sediments at shallower depth, probably less
than 30 m.
On the other hand, we noticed that the H/V ratios estimated based on the earthquakes and noise records were
characterized by different patterns. Relative broad H/V
pattern was obtained when the signals were extracted from

earthquakes. Peaks in the H/V spectral ratios can be generated by the resonances in the uppermost layers if high
impedance contrasts are present in soil structure. Otherwise, if impedance contrasts are weak (Malischewsky and
Scherbaum 2004) or if several layers are present, the spectral ratio shows more complex pattern. This phenomenon
may be linked to the soil nonlinearity effect during strong
motions. The effect usually makes dominant frequencies
shift to lower frequency and may result in a relative broad
H/V distribution. Otherwise, the locations and depths of hypocenters may cause different H/V pattern like the case in
the Taipei Basin (Sokolov et al. 2009). However, the behaviors of most H/V curves for the same site were similar
(Figs. 5 and 6). Therefore, soil nonlinearity seems to be the
better candidate to explain this observation. Unfortunately,
the earthquakes recorded by our OBS network were not able
to be located precisely and cannot provide enough information for related analyses.
5.2 Comparison with the Surface Geology and Bulk
Density
Even though the study area of 2013 experiment occurred in the upper slope domain and the 2014 one in the
lower slope domain (Fig. 1), the H/V curves from the two
datasets do not expose significant differences. It may suggest that the basic sediment composition and structural units
should be similar for the two geological areas. The upper
slope area is characterized by a series of mud diapir, whereas the lower slope has numerous fold and thrust structures
which could be recognized by the ridge form bathymetry.
All these ridge axes and mud diapir represent the outcrop of
high density material and generally have relatively larger rigidity with regard to the normal seafloor sediments (Doo et
al. 2015). In the 2013 experiment, all the OBSs were located
on the sedimentary basins located in between the mud diapir
to avoid the large slope gradient (Fig. 1). The fundamental
frequency has similar distribution between about 7 - 8 Hz,

Fig. 7. The H/V curves calculated based on the waveform data extracted from the onland MicrOBS (OBS200-077), Yardbird type OBS (YB2), and
the CWB submarine cable (EOS1).
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except for 2013-OBS06, which is located between two close
mud diapirs. However, several OBSs were deployed on the
top of ridges for the 2014 experiment, such as 2014-OBS03,
2014-OBS07, and 2014-OBS08 (Fig. 1) and all these three
stations possessed a relatively higher fundamental frequency, even more than 9 Hz. In addition, almost no variation
between the H/V curves obtained from the ambient noise
and earthquake movement, suggesting that the direct contact with the rock bed decrease the amplified effect of multiple sedimentary contrasts. Otherwise, other OBSs for the
2014 experiments were located in a relatively flat area and
the fundamental frequency was smaller.
Figure 8 shows the bulk density distribution obtained
based on the coring samples acquired from several experiments (Su et al. 2016). We can observe that almost all the
OBS were deployed along the slope, where bulk density
has relatively smaller value compared to those along the
coastline or the Kaoping Canyon. The lowest bulk density,
about 1.56 g cm-3 was located in the vicinity of 2014-OBS02
(Fig. 9, Tables 1 and 2). Coincidently, the lowest fundamental frequency occurred also at the station, which has a value
less than 6 and 4 Hz for the result from ambient noise and
earthquake signals. This phenomenon suggests that the fundamental frequency could be actually affected by the composition of sediments. In consequence, we propose that the
hardest area should have the highest dominant fundamental
frequency. On the contrary, the lowest fundamental frequency should happen in the area whether the sedimentary cover
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is soft and thick (Figs. 9a and b; Tables 1 and 2). We observed that the positive correlation between the fundamental frequency and the corresponding bulk density was better illustrated for the 2013 experiment. This could be due to
the coring site distribution shown as black crosses in Fig. 8,
which provided a better constraint for the estimation of bulk
density in that area. In contrast to the relationship between
the fundamental frequency and the bulk density, no specific
relation was demonstrated between the H/V amplitude and
the bulk density (Figs. 9c and d; Tables 1 and 2). This observation may suggest that the value of H/V ratio less depend
on the ground material but the magnitude of ground motion.
However, this reasoning should be verified with further investigation. On the other hand, please note that the amplitude
for the H/V estimated based on the OBS data have relatively
larger values with regard to those estimated on land. Particularly, an obvious increase of amplitude occurred for the
H/V calculated from the earthquake data, which can reach as
high as 156.85. As the marine sediment contains substantial
amount of water, which may decrease the cohesive force between the sediment grain and facilitate its horizontal movement with strong motion.
6. Conclusion
For the past decades, many investigations have been
performed to obtain the ground motion characteristics
in regards with the earthquake shaking at inland sites.

Fig. 8. The bulk density distribution calculated based on the coring data. Red triangles are the OBS positions for the 2014 and 2013 experiments.
Blues crosses show the shallow coring positions.
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(a)

(b)

color fiure

(c)

(d)

Fig. 9. Comparison of the fundamental frequency with the bulk density for the (a) ambient noise and (b) earthquake. Comparison of the H/V amplitude of the peak frequency and bulk density for the (c) ambient noise and (d) earthquake.

Relative less knowledge was acquired for the marine sediments. However, with the fast development in the submarine
infrastructures in response to the energy exploration and
environmental protection needs, such as marine wind turbine, submarine cable and gas-hydrate/mineral exploration,
it is important to use the seafloor motions as the basis for
the seismic design of these submarine infrastructures. In
this study, the local site effect produced by shallow marine
sediments was characterized by estimating the H/V spectral ratios based on the data recorded by the short-period
OBSs to clarify the link between seismic site response and
sedimentary properties of submarine slope. We evaluate the
response of seafloor sediments in regard to passive dynamic
loads, including the ambient noise as well as earthquake signals. The results show that the maximal H/V ratios of all
the OBS stations appeared in the range of 5.13 - 9.28 Hz
for the ambient noise and 3.66 - 9.16 Hz for the earthquake
signals. The depth of the estimated velocity contrast is about
8 - 39 m, suggesting that the fundamental frequency for the
seafloor is dominated by very shallow sediment. For most

stations, the H/V ratios estimated based on the earthquakes
(i.e., strong input signal) and ambient noise (i.e., background,
micro-seismic noise) records were characterized by different
patterns. Usually, no distinct peak is observed for the H/V
curves calculated during earthquakes. This phenomenon
may suggest that boundary exist when a stronger motion
applies. In comparison with the geological structures and
bulk density distribution obtained from coring experiments,
we found that the fundamental frequency for the rigid material, such as mud diapir, is relatively higher, about 8 - 9 Hz.
For most areas along the slope, the fundamental frequency
shows relatively low value, about 6 - 8 Hz. Finally, when a
site is characterized by thick or soft sedimentary layer, we
observed a fundamental frequency of about 5 Hz, which is
the lowest in our assessment. This spectral feature exhibits a
gross correlation with the site geological conditions, which
is used as qualitative index of the soil characteristics.
OBSs have been widely used over the past decades to
collect natural earthquake data for seismic monitoring of
the submarine geological structures or to receive the active
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seismic sources to image the underground velocity distribution. Our study shows that they could also provide ground
motion information which is very important for the marine
geo-hazard assessment.
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