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Abstract 

We have conducted microtremor array explorations at strong motion stations in several regions of Turkey for an 
estimation of shallow S-wave profiles. In this study we selected strong motion stations in areas where previous surveys 
have not been done yet. Strong motion stations in Marmara Sea region, and provinces of Eskishehir, Hatay, 
Kahramanmaraş, Denizli, Aydin and Van were explored in this study. Some of the results of these explorations have 
already published in papers. We compiled all the results of our surveys for characterizing site conditions of the strong 
motion stations. Two temporary small-size arrays with seven sensors were deployed at each strong motion station to 
measure vertical microtremor records to retrieve Rayleigh-wave phase velocities in a frequency range of 1 to 30 Hz 
mainly with the SPAC method. The phase velocity at each station was inverted to a sallow 1D S-wave velocity profile 
whose bottom layer corresponds to an engineering bedrock with an S-wave velocity more than 500m/s. We applied a 
hybrid heuristic inversion method to find optimal thicknesses and S-wave velocities for a three-layer model at most of 
the stations. We then used the derived S-wave velocity models to identify the site classifications at the strong motion 
stations. 1D amplification factors were calculated using the S-wave velocity profiles to know site characteristics of the 
strong motion stations. We finally discussed the site conditions of the strong motion stations in Turkey by using our 
results and S-wave profiles obtained in the previous studies.  

Keywords: S-wave velocity exploration, Microtremors, Site effects, Strong motion station, Turkey  
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1. Introduction 

Turkey is located in one of the highest seismicity regions in the world. In particular seismicity along the two 
major fault zones, North Anatolian and East Anatolian fault zones are so high in the country. It is also known 
that the seismicity in the Aegean Sea region is also high with many small faults. Accordingly many strong 
ground motion observations have been conducted with national–wide network of strong motion instruments 
in turkey by Ministry of Interior Disaster and Emergency Management Presidency (AFAD). Strong motion 
data have provided important data to understand relation between strong shaking and building damage 
observed in past earthquakes (e.g., [1, 2]);. These strong motion data have been also used in estimation of 
effects of sources, sites and propagation paths (e.g., [3]). Since earthquake ground motion records are 
affected by local geological condition, an S-wave profile must be known at individual strong motion stations. 
Accordingly Akkar et al. [4] and Sandıkkaya et al. [5] have conducted surface-wave explorations for shallow 
S-wave profiles at strong motion stations in Turkey. Although these studies provided important information 
on shallow S-wave profiles at the stations, S-wave data at some of the strong motion stations are still 
unknown.   

In this study we report the results of series of the microtremor explorations at strong motion stations in 
several provinces in Turkey in several projects to know shallow S-wave velocity profiles. The shallow S-
wave profiles from the microtremor explorations are used to compare their average S-wave velocity with 
empirical amplification factors estimated by Yamanaka et al.[6]. 

2. Microtremor exploration 

Microtremor exploration has conducted in eight provinces by some of the authors, and their results have 
already published in papers ([7, 8, 9]).  We used these results in this paper to integrate them with the other 
explorations. They are located in Marmara region including Istanbul province, Central Anatolia, Aegean, 
Mediterranean, East Anatolia regions as shown in Fig.1. The total numbers of the exploration stations is 111 
as shown in Table 1. The details of the location can be seen in Fig.2. The Marmara sea region (A in Fig.1) 
includes strong motion stations in Tekirdag, Kocaeli, Bursa and Canakkale provinces. We have conducted 
many explorations at the stations in Tekirdag and Kocaeli provinces. The results of the surveys has been 
published in [7, 8].  In the region B in Eskishehir, most of the surveyed stations are located in Eskishehir city 
area, and some of the results have been reported in [10]. The region C near the Aegean sea includes two 
provinces of Aydin and Denizli.  Many strong motion stations are located in a narrow valley from the coast 
to the mountains in Denizli as shown in Fig.2. The region D has two provinces of Hatay and Kahramanmaras.  
Stations in Hatay province shows significant variation of surface geological condition from the coast of 
Mediterranean sea to eastern hills. On the other hand, most of the surveyed stations re located in a basin 
surrounded by mountains. The region E covers the major part of the Van province with a station in Bitlis 
province. It is noted that no explorations of an S-wave velocity profile have been done at many of the 
stations surveyed in this study. 

 We selected open space near a strong motion station for the surveys position to install seismometers as 
shown in Fig.2. It is noted that distances between a strong motion station and centers of the surveyed 
positions are less than 50meters. Array observations of vertical microtremors have been conducted at each 
strong motion station with two temporary arrays. Each array consists of 6 vertical sensors at edges of two 
triangles with a sensor at their center as show in Fig.4. The side-lengths of the triangle-shaped arrays are 1 to 
20 meters at most of the stations. Records of vertical microtremors at each array were recorded in 10 to 30 
minutes.   

 We analyzed the records using SPAC method [11] for Rayleigh wave phase velocity in a frequency 
range from 1 to 30 Hz at most of the stations. Dispersive part of the phase velocity was inverted to a 1D 
shallow S-wave profile from the surface down to the top of engineering bedrock with an S-wave velocity 
more than 400m/s using a hybrid heuristic method [12, 13].   
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Fig.1 – Location of study areas. A:Marmara Sea, B:Central Anatolia, C: Aegean sea region, D: 
Mediterranean Sea, E: East Anatolia.  

 

Table 1. List of microtremor array explorations. 

Region Provinces Number 
of stations Station codes 

Marmara Sea 

Terkidag 8 5901, 5902, 5903, 5904, 5906, 5907, 5908, 5910

Kocaeli 14 4108, 4114, 4115, 4116, 4117, 4118, 4119, 4120,
4121, 4122, 4123, 4126, 4127, 4128

Yalova 3 7704, 7706, 7707 
Bursa 6 1601, 1604, 1609, 1614, 1618, 1621

Canakkale 6 1701, 1703, 1710, 1711, 1712, 1714
Edirne 1 2201 

Balikedsir 1 1014 

Central Anatolia Eskishehir 11 2601, 2602, 2604, 2606, 2610,  2611, 2612, 2613,
2614, 2615, 2616 

Aegean Sea 
Denizli 15 2002, 2005, 2008, 2009, 2011, 2012, 2013, 2014,

2015, 2016, 2017, 2018, 2019, 2020

Aydin 12 905, 910, 911, 912, 913, 914, 915, 916,
917, 918, 919, 920 

Mediterranean Sea 
Kahramanmaraş 12 4612, 4616, 4617, 4618, 4619, 4620, 4621, 4622,

4623, 4624, 4625, 4626 

Hatay 16 3112, 3113, 3114, 3115, 3116, 3117, 3118, 3119,
3120, 3121, 3123, 3127, 3129, 3134, 3135, 3140

East Anatolia 
Van 5 6501, 6506, 6509, 6510, 6512

Bitlis 1 1302 
Total 14 111  
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Fig. 2 – Map of study areas in Turkey with locations of strong motion stations and microtremor exploration. 

 

 

Fig. 3 – Photos of microtremor exploration  
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Fig. 4 – Example of array configuration in microtremor exploration 

 

3. Results  

The observed microtremors in a small array at station of 914 in Aydin province are shown in Fig.5. Coherent 
waves can be easily seen in the seven records. The spectra in the figure indicate large amplitudes at 
frequencies from 2 to 20 Hz. The SPAC coefficients derived from these records in arrays with different sizes 
are shown in Fig.5, too. As expected from the spectral amplitudes, the SPAC coefficients reduce their 
amplitudes at frequencies lower than 2Hz.  

We estimated Rayleigh wave phase velocity from these SPAC coefficients at each station. Examples 
of the observed phase velocities are shown in Fig.6. The phase velocity at 1609 in Gemlik shows low values 
at frequencies higher than 4Hz. Similar low phase velocity can be found at 1601 in the city center of Bursa. 
The phase velocities at 1621 and 1604 are different from that of 1601 in spite of close distances from 1601 
suggesting significant variation of local geological condition in the city. The phase velocities at three stations 
of 1713, 1701, and 1714 in central part of Canakkale city exhibit very different features with low values at 
1701. Most of the stations in Aydin have similar phase velocities except for 914 with low values and 912 
with high values. The phase velocities at 6501 and 6509 in the center of Van city are almost same at 
frequencies higher than 5 Hz. At 6510 located in the south of the city center are much higher than those of 
the city center.  

S-wave velocity profiles derived from the inversions of some of the phase velocities shown in Fig.6 
are displayed in Fig.7. The S-wave profile at 1601 has thick and low-velocity soil layers over the engineering 
bedrock of 500 m/s. The thickness is thin at the other two stations of 1604 and 1621.  The S-wave profile at 
1701 has deep depth to the engineering bedrock, while the other two stations have thin layers with 
thicknesses less than 10 meters over the engineering bedrock. Three stations in Aydin province are similar 
except for the bottom velocity at 912, because of the high phase velocity. The two stations of 6501 and 6509 
in Canakkale have similar S-wave profiles as expected with the phase velocities.  

  

.
1f-0013

The 17th World Conference on Earthquake Engineering

© The 17th World Conference on Earthquake Engineering - 1f-0013 -



17th World Conference on Earthquake Engineering, 17WCEE 

Sendai, Japan - September 13th to 18th 2020 

  

6 

 

Fig. 5 – Examples of results of SPAC analysis of microtremor array data. 

 

  

  

Fig.6 –  Phase velocities observed at sites in Bursa, Canakkale, Aydin and Van provinces. 

 

 

Fig. 7 –  Shear-wave velocity profiles derived from phase velocities in Fig.6. 
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4. Discussion 

We selected our strong motion stations where no explorations have been conducted yet. However, S-wave 
velocity profiles are available at some of the stations in the previous researches ([4, 5]) as explained above. 
S-wave profiles were estimated from surface-wave explorations along a surveying line of 100 meters in the 
previous studies. We compared our S-wave profiles with those from the previous researches. Fig.8 compares 
S-wave profiles at some of the stations. The S-wave velocity distributions in the top 20 meters are similar to 
each other as can be seen in the figure. Since average S-wave velocity in the top 30 meters from the surface 
(Vs30 in the following) is often used as a proxy to evaluate sit amplification, we compare Vs30s from this 
study and the previous studies. Fig.9 shows the comparison between the Vs30s. They are similar to each 
other except for a few data.  

Yamanaka et al. [6] estimated site amplification factors at the strong motion stations from weak 
ground motion records using a spectral separation analysis. Their estimated amplification was interpreted as 
the effects of the shallow and deep soil layers over the basement with an S-wave velocity of 2.2 km/s as 
similar to [14]. Their amplification factors are compared with the Vs30s from our study as shown in Fig.10 
at 4 different frequency ranges. The amplification factors at frequencies of 0.5 to 1.3 Hz and 1.3 to 3.2 Hz 
are correlated with the Vs30s derived in this study, while the amplification factors at frequencies higher than 
3.2 Hz are not well related with the Vs30s. These figures also contain similar plots using the Vs30s from the 
previous surface-wave explorations by red triangles. They have almost the similar relationships with those 
from our explorations.   

5. Conclusions 

We have conducted microtremor array explorations at 111 strong motion stations in Marmara Sea region, 
and provinces of Eskishehir, Hatay, Kahramanmaraş, Denizli, Aydin and Van in Turkey for shallow S-wave 
profiles. Rayleigh-wave phase velocities at frequency range from 2 to 30 Hz were derived from array records 
of vertical microtremors. An S-wave velocity profile down to the engineering bedrock with S-wave 
velocities more than 500 m/s was estimated from the phase velocity at each station. The S-wave profiles 
were compared with results of previous surface-wave explorations. They are similar to each other to the 
depths of 20 meters. However we found similarity between the Vs30s from our study and the surface-wave 
exploration, because top 20 meters are responsible for the average velocity. We also examined relationships 
between Vs30s and site amplification factors from earthquake records. It was found that the amplification 
factors at frequencies less than 3Hz are well correlated with the Vs30s.  

 

 

 

Fig. 8 – Comparison of Vs profiles between this study and MASW. 
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Fig. 9 – Comparison of Vs30s from microtremor explorations in this study (MT) and surface wave 
explorations compiled by AFAD (MASW).  

 

 

Fig. 10 – Comparison between Vs30s in this study and amplification factors in previous study [6]. 
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