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  רעידות אדמה וסיכונים סייסמיים

  2015עד דצמבר  2015עבור תקופה מינואר  סופידוח 

 יולי זסלבסקי
 הופשטטר אברהם

 נהום פרלמן
 דאגמארה גילר

 
 המכון הגיאופיסי לישראל

 בעברית תקציר

הגברת תנודת סייסמיות עקב קרקע רכה, אשר שכיחה באזורים עירוניים, היא גורם עיקרי להגדלת נזק 

. השונות הגדולה בתנאים של תת הקרקע ברחבי העיר והעלות הגבוהה הנדרשת באוכלוסייהלרכוש והרג 

רכה דינמית לקבלת מידע על מבנה שכבות תת הקרקע מגבילות מאד ביצוע הערכת סיכונים. לכן לצורך הע

של מבנה אשר מתוכנן לעמידות מסוימת ברעידת אדמה ולהערכת נזק אפשרי בעקבות רעידות עתידיות 

 למרכז התיירותי ונופש של נווה זוהרידע זה חשובה מאד מהשגת  ידיעת פונקציית המעבר היא חשובה מאד.

אימה ביותר לישראל, טכניקה אמפירית להערכה של תגובת אתר המת. ליד העתק ים המלח םאשר ממוק

פקי לאנכי ממדידות ובין רכיב א וםשבה יש פעילות סייסמית בינונית, היא זאת המבוססת על יחסי ספקטר

מורה. שיטה זאת מיושמת בהרבה מקומות בעולם באופן אקאשל רעש רקע באתר, הידועה כשיטת נ

ודו, אינדונזיה, אירופה ודרום אינטנסיבי, למשל, דרום וצפון אמריקה, אסיה, אפריקה, מזרח התיכון, ה

ורעידות אדמה ) מדידת רעש רקע 1השקט. הערכה כמותית של התגובה הסייסמית תתבסס על:  האוקיאנוס

כדי  חישוב זה יבוצע במספר רב של זמנים שוניםים בהתאם. ייחסים ספקטר וחישוב בתחנות סייסמולוגיות

-י, וגיאולוגי כולל מדידות בקידוחים לבניית מודל תת) שילוב של מידע גיאופיס2לוודא חזרתיות ויציבות; 

) חישוב של ספקטרום תאוצת קרקע לינארי ולא לינארי. לבסוף בעזרת חישוב סטכסטי נעריך את 3קרקע; 

השימוש במידע זה יסייע לרשויות המקומיות לקבוע סדר עדיפויות  .באגן ים המלחהסיכון הסייסמי 

לחיזוק מבנים קיימים ולתגובה של רשויות ההצלה במקרה חירום או בהחלטה לגבי תקן בנייה, תכניות 

  במקרה של שיקום ארוך מועד.

 :מילות מפתח

 רעש רקע, תגובת אתר, יחס ספקטרי, סיכוני רעדת אדמה.
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Dagmara Giller 
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ABSTRACT 
 

In this pilot research we analyzed observed ground motions in the Dead Sea Basin 
(DSB) from teleseismic earthquakes with magnitude larger than 6.5 at distances of 4,500-
16,000 km. The data were obtained by Dead Sea Integrated Researches (DESIRE) project that 
aimed in studying the Dead Sea basin and its outskirts, and DESERT2000 project aimed in 
studying the Dead Sea Fault. We selected 21 teleseismic events and 2 local earthquakes from 
DESIRE project, and 19 teleseismic events from DESERT2000. These events are used as 
"input" to DSB. 

We used two methods for determination of fundamental resonant frequencies of DSB: 
1) ratio between the Fourier spectra of seismograms recorded on site and the spectra of 
seismograms recorded at a reference site; 2) horizontal-to-vertical S-wave spectral ratio. All 
teleseisms exhibit clear peaks at fundamental frequencies in the stations located in the Dead 
Sea basin. We identified three segments with fundamental frequencies: first segment with 
length of 16 km and 0.1 Hz, second segment with length of 9 km and 0.2 Hz, and third segment 
with length of 20 km and 0.1 Hz, all with amplification factors of 2 to 5. Ten reference stations 
have been installed on rock, at distances of 2-10 km away from the basin. These stations recorded 
vibrations in the range of 0.1-0.5 Hz, generated in the Dead Sea basin. We did not find locally-induced 
surface waves causing lengthening of the significant shaking duration and strong low-frequency 
amplification. The absence of basin effect can be explained by the large linear dimensions of 
DSB, its shape, and the relatively high velocity of shear waves that varies with depth from 800 
m/sec to 3200 m/sec. These parameters do not support the excitation of basin-edge induced 
waves. 

A stochastic optimization algorithm is applied to calculate the velocity of layers, 
yielding 1-D transfer function to optimally match the observed H/V curves considering all 
resonance peaks. 
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1. INTRODUCTION 
 

Ground motion amplifications due to soft soil are a major contributor to increasing 
damage and number of casualties during large earthquakes (California, Loma Prieta, 1989 and 
Northridge, 1994; Kobe, Japan, 1995; Kocaeli, Turkey, 1999; Algeria, 2003 and many others). 
The phenomenon responsible for the amplifications of motion is the trapping of seismic waves 
due to the impedance contrast between sediments and the underlying bedrock. The interference 
between these waves leads to resonance patterns. 

More recently, there is an increasing concern about the seismic energy focusing effects 
due to basin edge structures on the amplification of ground motions at sites within a basin, 
during near field events (Frankel, 1994; Gao, et al., 1996; Graves et al., 1998; Joiner, 2000; 
Cornou, 2003ab). The most recent earthquakes that have demonstrated this phenomena are the 
January 17, 1994, Northridge, California, and January 17, 1995, Hyogo-ken Nanbu, Japan, 
earthquakes among many others. 

Ground motion records from the January 17, 1995, Huogo-ken Nanby earthquake show 
a large variation in amplitude and waveforms even within small areas along the northern edge 
of the Osaka basin (Pitarka et al,. 1996). One of the most striking particularities of this 
earthquake is the damage distribution along a very narrow belt in Kobe City. The peak velocities 
at sediment sites were up to15 times larger than those at the rock site. The effect of the basin 
edge structure and the source radiation is in the frequency range 0.1-2.5 Hz. The authors note 
that amplification depends not only on the basin edge geometry but also on the source location. 
The amplification due to basin effect might have been even stronger in particular zones, 
depending on the location of the asperities on the fault. 

Recording of the 1999 Mw 7.6 Chi-Chi (Taiwan) earthquake (Pratt et al., 2003) two local 
earthquakes, and five blasts show seismic-wave amplification over a large sedimentary basin 
in the U.S. Pacific Northwest. It is interesting that 4.5 Hz natural frequency geophone recorded 
strong signal between 0.1-0.7 Hz from Chi-Chi earthquake. For weak ground motions from the 
Chi-Chi earthquake, the Seattle basin amplified 0.2 to 0.8 Hz waves by factors of 8 to 16 relative 
to bedrock sites west of the basin. The amplification and peak frequency change during the Chi-
Chi coda: the initial S-wave arrivals (0-30 sec) had maximum amplifications of 12 at 0.5-0.8 
Hz, whereas later arrivals (35-65 sec) reached amplification of 16 at 0.3-0.5 Hz. The 
comparison between amplification amplitudes obtained from different sources showed that 
blasts did not excite resonance vibrations, while from local earthquakes there is an amplification 
up to 4. 

The long-period surface waves generated by conversion of body waves at the boundaries 
of deep sedimentary basin make an important contribution to strong ground motion. The ground 
motion levels specified by the earthquake provision of current building codes, in California at 
least (Joyner, 2000), accommodate the long-period ground motion from basin-edge-generated 
surface waves for period of 5 sec and less and earthquakes with MW=7.5 or less located more 
than 20 km outside the basin. There may be problems at longer periods and for earthquakes 
located closer to the basin edge. 

The ground motion amplification pattern observed during aftershocks of the Northridge 
earthquake shows significant amplification at sites located to the southern edge of the San 
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Fernando Valley and northern edge of the Los Angeles basin. Spectral amplifications ratios 
effect (Hruby and Beresnev, 2003) were calculated for the 1994 Northridge and 1987 Whittier 
Narrow earthquakes included shear and basin generated waves. The total amplification for both 
earthquakes over three frequency ranges: low (0.2-2.0 Hz), intermediate (2-8 Hz), and high (8-
12.5 Hz). The results are directly applicable to engineering simulations of strong ground motion 
in sedimentary-basin environment. 

Basin edge effects are investigated in the Lower Hutt Valley, New Zealand (Adams et 
al., 2003) using recordings of weak-motion earthquakes. Twelve seismographs were deployed 
in a closely spaced array along the fault-bounded edge of the valley. Group velocity 
observations made of edge-generated Love waves show the fundamental-mode Airy phase 
frequency at 2.0-2.5 Hz. This frequency corresponds to the fundamental resonance mode of the 
Holocene sediments as well as the third-mode resonance of the whole basin. The most plausible 
explanation of peak ground motion near the fault-bounded edge of the Lower Hutt is a 
constructive interference between shear wave arrivals and edge-generated surface waves, the 
basin effect. 

Site amplifications observed in the Gubbio Basin, Central Italy (Bindi et al., 2009). The 
recording of 140 local earthquakes (1.2<ML<4.7) observed by two linear arrays installed along 
longitudinal and perpendicular basin axis. In the middle of the basin where the sedimentary 
cover is the thickest (600 m), the peak ground velocity is amplified on average by factor of 5 
with respect to the reference station installed on rock, and the duration is increased by a factor 
of about 2.0. The analyses in the frequency domain show that spectral energy of the basin-
generated waves is mainly distributed over the range 0.4-2.0 Hz. The authors showed that the 
horizontal-to-vertical S-wave spectral ratios to provide a reliable estimation of the fundamental 
resonance frequency of the site. Applications up to a factor of 10 affect the vertical component 
of ground motion over a broad frequency range for nearly all basin sites with the maximum 
amplifications at around 1 Hz. 

The purpose of this project is to obtain an empirical estimate of resonance frequency of 
the Dead Sea basin (DSB) and construction of 1-D models for different typical sites of the basin. 
 

2. TECTONIC SETTING OF THE DEAD SEA BASIN 
 

In this section we briefly describe the tectonic setting of the Dead Sea basin and its 
bordering regions. In addition, we focus below on three wide-angle refraction/reflection profiles 
that were conducted in the Dead Sea basin, to be used as a support for our interpretation. The 
Dead Sea basin (DSB) is the largest basin within the Dead Sea fault (DSF), where the Dead Sea 
Lake covers only part of the whole basin. The DSB is often modeled as a pull-apart basin, where 
the nearly north-south oriented Jericho and Arava faults, 2 large segments of the DSF, bound it 
on the west and east, respectively (e.g. Neev & Hall 1979; Garfunkel, 1981; Garfunkel et al., 
1981; Sagy et al., 2003; Petrunin and Sobolev, 2006, 2008), which overlap in the DSB to form 
two en-echelon strike-slip faults (Fig. 1). The actual extension of these segments is not well 
known. The basin is closed at its southern end by a series of normal faults, the most visible 
being the Amaziahu fault, oriented NW-SE, which exhibits at least 50 m of down-dip 
displacement, with a pronounced sub-surface continuation (Kashai and Crocker, 1987; Ben-
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Avraham, 1997; Al-Zoubi et al., 2002; Ginzburg et al., 2006). Frieslander (2000) and Ben 
Avraham et al. (2008) suggested that Idan fault, about 20 km south of Amaziahu fault, is 
probably the southern end of the basin. No normal fault has been evidenced at the northern end 
of the basin (Garfunkel, 1981), while within the basin transverse faulting is observed (Lazar, 
2004; Ben-Avraham et al., 2008, 2010). The Lisan Peninsula, a large buried salt diapir, 
separates the DSB into two main sub-basins, a northern and a southern one, where topography 
of the Lisan Peninsula is slightly raised above the basin. Tectonics has shaped the Dead Sea 
fault in general and the Dead Sea basin in particular over the past few million years (e.g., Freund 
et al. 1970; Ben-Menahem et al. 1976; Garfunkel, 1981). Many seismological, geophysical (i.e., 
refraction, reflection, gravity) and geological studies have provided important information 
about the structure and the velocity structure of the DSB and adjacent regions (for example, 
Garfunkel et al. 1981; van Eck & Hofstetter 1989, 1990; Rotstein et al., 1991; Aldersons et al. 
2003; Frieslander, 2000; Shamir et al., 2005; Koulakouv and Sobolev, 2006; Shamir, 2006; Al-
Zoubi et al., 2007; Hofstetter et al., 2007; Mohsen et al., 2011; Braeuer et al., 2012ab, 2014; 
Kaviani et al., 2013). 

Ten Brink et al. (2006) and ten Brink and Flores (2012) reported the results of two wide-
angle reflection/refraction (WRR) profiles (called also the E-W and N-S lines) which were 
conducted in 2004. The E-W line crossed the basin at latitude 310N, just north of Amaziahu 
fault (E-W line in Fig. 1). The N-S line was aligned with the Dead Sea fault from about 50 km 
north of the Dead Sea Lake to about 120 km south of the lake. They defined the low-density 
layer in the southern DSB as the upper crust, suggesting that the fault continues down to 18 km. 
They also reported that there is no indication of a low velocity anomaly extending into the lower 
crust under the DSB. The DESIRE project examined the DSB and its bordering regions in 
general and the southern DSB in particular, comprising 66 seismic stations in the passive part 
of the project (Fig. 1). The very dense network of DESIRE, especially in the southern Dead Sea 
basin, enabled detailed seismological studies, i.e. spatial distribution of seismicity and local 
earthquake tomography (Braeuer et al., 2012ab, 2014). In the active part of DESIRE, Mechie 
et al. (2009) conducted an E-W seismic profiling, crossing the Lisan Peninsula along latitude 
31.30N, which marks the border between the southern and northern Dead Sea sub-basins 
(DESIRE profile in Fig. 1). They reported that the upper and lower crust boundary is at 20 km. 
The northern sub-basin is characterized by a sedimentary sequence (basin and pre-basin 
sediments) of about 6 km, which thickens under the Lisan Peninsula to about 12 km, shallows 
to about 8 km near the Amaziahu fault and to about 2 km of pre-basin sediments near the Idan 
fault (Ben-Avraham and Ginzburg, 1990; Hofstetter et al., 1991, 2000; Gardosh et al., 1997; 
ten Brink et al., 2006; Mechie et al., 2009; ten Brink and Flores, 2012). 

The above-mentioned refraction cross sections of the Dead Sea basin studies showed 
gradual changes of the Moho depth under the southern DSB and its bordering regions. South of 
the lake, ten Brink et al. (2006) reported Moho values of 33 km, 31 km, and 29 km at about 30 
km east of the DSB, under the DSB, and about 20 km west of the basin, respectively. Along 
latitude 31.30N, crossing the Lisan Peninsula, Mechie et al. (2009) reported Moho values of 32 
km, 32 km, and 33 km at about 30 km east of the DSB, under the Lisan Peninsula, and about 
20 km west of the Lisan Peninsula, respectively. Those studies are in accordance with earlier 
refraction studies on both sides of the basin (Ginzburg et al., 1979ab, 1981; El-Isa et al., 1987; 
El-Isa, 1990) and results of local earthquake tomography (Koulakov and Sobolev, 2006). Ten 
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Brink et al. (2006), ten Brink and Flores (2012), and Mechie et al. (2009) reported that at depths 
from 20 km to the Moho at about 32 km under the DSB there are no changes of the lower crust 
and any perturbation of Moho topography is within the data resolution. 

 
 Figure 1. Tectonic setting of the Dead Sea basin. Stations are presented by red triangles. 
 

The Dead Sea Rift Transect (DESERT2000) project, being active from 5/2001 to 
2/2002, was composed of a 260 km long transect extending from the Mediterranean coast to 
the Arabian platform (Weber et al., 2004, 2005, 2009). The central part of the transect crosses 
the DSF at a location in the Arava Valley which is about 60 km south of the Dead Sea lake 
(Mechie et al., 2005). Using the observed data of DESERT2000, Koulakov et al. (2006) 
reported that there is no reliable signature of the Dead Sea Transform in the upper mantle 
structure. Based on all the refraction profiles, Mechie et al. (2009) suggested that the Dead Sea 
pull-apart basin is essentially an upper crustal feature with upper crustal extension, and below 
about 20 km the two plates move past each other in a shearing motion. Consequently, any major 
observed travel time anomaly is due to variations in seismic velocities of the upper crust inside 
the basin and on both sides. 
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Figure 2. Seismic stations that are used in this study. 
 

3. DEPLOYMENT SEISMIC ARRAYS IN DEAD SEA BASIN 
 

As above mentioned, the datasets of DESERT2000 and DESIRE offer a unique 
opportunity in estimating the resonance frequencies in Dead Sea. The record of seismic events 
were carried out continuously in both projects. In the basin 13 digital three-component 
broadband seismometers (frequency range from 100 sec to 100 Hz) were deployed (Fig. 2). 
Sampling rates are 100. Inside the basin, the DESIRE array is along the north-south direction. 
Outside the basin, many stations were installed on hard rock outcrop, considered as reference 
stations in the analysis below. Broadband seismometers installed on the Israeli and Jordanian 
sides are marked by IB and JB, respectively (see Figure 2). Most of the DESERT2000 array 
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was installed south of the DSB but 2 stations ID27 and JD02. From station JB12 to station to 
station ID27 we have line of seismic stations of 44 km length, mainly in aperture of 2 km. 
 

 
Figure 3. Location of teleseisms (red solid circles), recorded by DESERT2000 and DESIRE 
stations, which are used in the study (distances are presented in degrees). 
 

4. GROUND MOTION DATA AND PROCESSING 
 

Three components broadband seismometers were used for recording seismic events at 
each station. Thirty seven teleseismic earthquakes were selected in this study: 19 earthquakes 
from dataset of DESIRE and 18 earthquakes from the dataset of DESERT2000 (Figure 3 and 
Table 1). The magnitudes range from 6.7 to 8.3, hypocentral distances from 1,350 to 16,300 
km and azimuths from 40o to 300o. We filter the data on the frequency band 0.02-10 Hz using 
a fourth-order causal Butterworth filter. To study the characteristics of spectra from teleseismic 
earthquake, we compute Fourier amplitude spectra and smoothed with 0.15 Hz moving 
triangular window. Then we calculate the horizontal-to vertical spectral ratio for each stations. 

The record length (time window) used for spectral calculation depends on the 
fundamental frequency. The basic criterion is to choose the minimal time window which yields 
spectra that practically do not change when increasing the record length. The selected time 
windows are Fourier transformed, using cosine-tapering (1 sec at each end) before 
transformation, and then smoothed with a triangular moving Hanning window. More precisely, 
we apply “window closing procedure (see Jenkins and Watts, 1968) for smart smoothing of 
spectral estimates so that any significant spectral peaks are not distorted. 
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Table 1. List of earthquakes used for dynamical characteristics of Dead Sea Basin using 
teleseismic events obtained from DESIRE project. 
 

No. Date & Time 
yearmodyhrmn 

Latitude 
[dgr.] 

Longitu
de 

[dgr.] 

Depth 
[km] 

Distance 
[km] 

Azimut
h 

[dgr.] 
Magnitude 

1 200611151114 46.59 153.27 10 9,382 38 8.3 
2 200612261234 22.01 120.53 2 8,334 73 6.9 
3 200701130423 46.24 154.52 10 9,481 38 8.1 
4 200701172318 10.12 58.71 8 3,347 129 6.2 
5 200701211127 1.07 126.28 22 10,037 89 7.5 
6 200703250041 37.34 136.59 8 8,857 53 6.7 
7 200704012039 -8.47 157.04 24 13,501 80 8.1 
8 200705050851 34.25 81.97 9 4,337 39 6.1 
9 200707161427 35.84 140.27 5 9,227 52 6.8 
10 200708081705 -5.86 107.42 280 8,662 104 7.5 
11 200708152340 -13.39 -76.60 39 12,856 270 8.0 
12 200709121110 -4.44 101.37 34 8,005 72 8.5 
13 200709122349 -2.62 100.84 35 7,856 106 7.9 
14 200709130335 -2.13 99.63 22 7,701 106 7.0 
15 200709281338 22.01 142.67 260 10,286 62 7.5 
16 200711291900 14.94 -61.27 156 9,781 286 7.4 
17 200712090728 -26.00 177.51 152 16,286 91 7.8 
18 200801060514 37.22 22.69 75 1,345 303 6.2 
19 200801090826 32.29 85.17 10 4,670 75 6.4 
20 200802200808 2.77 95.96 26 7,072 104 7.4 
21 200802250836 -2.49 99.97 25 7,768 106 7.2 

 
The H/V spectral ratios were obtained by dividing the individual spectrum of each of 

the horizontal components SNS(f) and SEW(f) by the spectrum of the vertical component SV(f) 
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Spectral ratios for of two horizontal components in Dead Sea basin are not similar, therefore 
we cannot calculate the average of the two horizontal-to-vertical ratios. 
 

5. EMPIRICAL APPROACH IMPLEMENTED IN THE ANALYSIS 
OF SITE EFFECT 

 
5.1. Database of used earthquakes 
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Various empirical techniques for site response estimations were summarized and 
discussed by Lachet et al. (1996), Satoh et al. (2001) and others. There is no doubt that the best 
evaluation of site effect is based on dense strong motion observations using spectral ratio of 
seismic records from sedimentary sites and bedrock reference sites because the nonlinear effect 
is included. In most cases, mainly in regions where the seismic activity is relatively low as in 
Israel, this type of analysis is usually impractical. Some of known empirical techniques used 
for the assessments of site effects are explained below. We plan in our project to apply S-wave 
spectral ratio with respect to reference site and receiver function techniques. 
 
Table 2. List of earthquakes used for dynamical characteristics of Dead Sea Basin using 
teleseismic events obtained from DESERT2000 project. 
 

No. Date & Time 
yearmodyhrmn 

Latitude 
[deg] 

Longitude 
[deg] 

Depth 
[km] 

Distance 
[km] 

Azimuth 
[deg] Magnitude 

1 200006072345 -4.612 101.905 33 8072 106.7 6.7 
2 200006181444 -13.802 97.453 10 8281 117.0 7.9 
3 200007110132 57.369 -154.206 43.6 10160 5.2 6.6 
4 200007172253 36.283 70.924 141.4 3320 70.6 6.3 
5 200008060727 28.856 139.556 394.8 9600 58.5 7.4 
6 200008281505 -4.110 127.394 16 10431 92.5 6.8 
7 200010020225 -7.977 30.709 34 4363 187.4 6.5 
8 200010041658 -15.421 166.910 23 14805 81.9 7.0 
9 200010250932 -6.549 105.630 38 8533 106.1 6.8 
10 200010290837 -4.766 153.945 50 12985 78.7 7.0 
11 200011160745 -4.827 153.226 33 12921 79.2 7.8 
12 200012061711 39.566 54.799 30 1984 56.9 7.0 
13 200101010657 6.898 126.579 33 9727 83.5 7.5 
14 200101091649 -14.928 167.170 103 14803 81.1 7.1 
15 200101101602 57.078 -157.211 33 4299 35.6 7.0 
16 200101260316 23.419 70.232 16 3537 95.5 7.7 
17 200102131928 -4.680 102.562 36 8136 106.3 7.4 
18 200102240723 1.271 126.249 33 10016 88.5 7.1 
19 200103240627 34.083 132.526 50   6.8 
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Table 3. List of local earthquakes used for dynamical characteristics of Dead Sea Basin 
(DESIRE project). 
 

No. Date & Time 
yearmodyhrmn 

Latitude 
[dgr.] 

Longitude 
[dgr.] 

Depth 
[km] 

Distance 
[km] 

Azimuth 
[dgr.] Magnitude 

1 200611180257 32.035 35.418 2 89 2 4.2 
2 200802151036 33.327 35.406 3 232 0 4.9 

 
5.2. S-wave spectral ratio with respect to reference site effect 
 

The most common technique for estimating site response is the standard (classic) 
spectral ratio procedure first introduced by Borcherdt (1970). This approach considers the ratio 
Rb between the Fourier spectrum recorded in the site of interest SS and the spectrum of a 
seismogram recorded at a reference site, which is usually the outcrop of rock Sr: 
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This ratio can be considered as the transfer function between the bedrock and the surface 

assuming that the two recordings correspond to the same source, the same path effect and that 
the reference site has a negligible site effect. It is very difficult to implement all these 
assumptions in real conditions. First, in many cases we do not have a nearby bedrock site and 
therefore the condition that the path of the propagating seismic waves is the same is not fulfilled; 
second, it is known (e.g., Steidl et al., 1996, Zaslavsky et al., 2002a) that weathered and cracked 
bedrock site exhibits a significant site effect, associated with frequency-selective ground motion 
amplification; third, there are many cases in Israel, when nearby bedrock outcrop is not the 
same rock at the base of the soil layer which is responsible for amplifying seismic waves 
amplitudes. It should also be noted that performing simultaneous measurements at two sites is 
often relatively costly. Many investigators used this method and evaluated site response 
functions from moderate to weak motion recording of earthquakes (Carver and Hartzell, 1996; 
Hartzell et al., 1996; Zaslavsky et al., 2000). 

 
5.3. Horizontal-to-vertical S-wave spectral ratio (Receiver Function) 

This technique is applied by Lermo and Chávez-García (1993): 
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where Ssh and Ssv denote horizontal and vertical amplitude spectra computed at the same 
investigated site from S-waves, respectively. Receiver function was introduced by Langston 
(1979) to determine the velocity structure of the crust and upper mantle from P-waves of 
teleseisms. Langston (1979) made the assumption that the vertical component of motion is not 
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influenced by the local structure, whereas the horizontal components, owing to the geological 
layering, contain the P to S conversion. In the spectral domain this corresponds to a simple 
division of the horizontal spectrum by the vertical. Many studies report that the frequency 
dependence of site response can thus be obtained from measurements made at only one station 
at the analysed site (Lermo and Chavez-Garcia, 1994; Malagnini et al., 1996; Yamazaki and 
Ansary, 1997; Mucciarelli et al., 2003; Zaslavsky et al., 2003). Their results confirm the validity 
of the method to estimate S-wave site response. 
 

6. RESULTS 
 

Below we present examples of fundamental frequencies and amplifications in Dead Sea 
basin obtained from spectral ratios (H/V) and S-wave receiver functions (Figures 4-29). Tables 
4-7 list the resonance frequencies for stations in the Dead Sea basin and its outskirts. Ground 
motion records of earthquakes recorded in DESERT2000 and DESIRE projects were processed 
using the SEISPCT program (Perelman and Zaslavsky, 2001). Figure 4a shows example of time 
history of an event that occurred in Kuril (January 13, 2007, MW=8.1, distance 9,480 km) and 
was recorded in Dead Sea in station IB09. Referring to these seismograms whose components 
are plotted to the same scale, it is possible to see that horizontal components are subjected to 
amplified motion when compared to the vertical component. Figure 4b presents Fourier spectra 
of three components of motion. We can see that in the vertical component of spectrum there are 
troughs near 0.1 Hz, 0.2 Hz and 0.3 Hz. Therefore, H/V spectral ratios show three resonance 
frequencies of Dead See basin (Figure 4c). The 0.1 Hz frequency is fundamental resonance 
mode whereas 0.2 Hz, 0.3 Hz are second and third modes. In the Dead Sea basin the 
amplification at resonance frequency in the north-south direction is much smaller than in the 
east-west direction. So, below we present only east-west component of H/V spectral ratio. 
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Figure 4. (a) Velocity seismograms (teleseism) recorded in the Dead Sea Basin at station IB09 
from the earthquake that occurred in Kuril (January 13, 2007, MW=8.1, distance 9,480 km); 
(b) Fourier spectra for three components of motion; (c) horizontal-to-vertical spectral ratio of 
S-wave (receiver function). 
 

Fourier spectra of three components obtained from seismograms of an earthquake that 
occurred in the Sea of Japan (March 25, 2007, MW=6.7, distance 8,860 km) and recorded at 
station IB09 are presented in Figure 5A. It should be noted that the spectrum of vertical 
component overlaps the spectrum of NS component in the entire frequency range (0.05-1.0 Hz). 
The EW component spectrum is significantly higher than the spectrum of vertical component 
at frequencies 0.09-0.18 Hz and 0.2-0.4. The spectral ratio (Figure 5B) based on the resonance 
frequencies that characterize the dynamic properties of DSB: at frequencies 0.12-0.14 Hz we 
get amplification factor 3-4, and at frequencies 0.3-0.4 Hz with amplification of 2. 
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Figure 5. (A) Fourier spectra of horizontal and vertical components of an earthquake that 
occurred in the Sea of Japan (March, 25, 2007, M= 6.7, distance 8,860 km), recorded at IB09; 
(B) H/V spectral ratios of S-wave: EW component (red) and NS component (green). 

 
Figure 6A shows the records of an earthquake at IB09 that occurred in Western China 

(January 09, 2008, MW=6.4, distance 4,670 km). Amplitudes of horizontal ground motion are 
significantly larger than the vertical one (Figure 6A). The horizontal spectrum is higher than 
the vertical spectrum in the frequency range of 0.1-0.5 Hz (Figure 6B). This feature, emphasized 
in the H/V spectral ratio, is related to amplification of ground motion with factor up to 2-3 in 
the above mentioned frequency range (Figure 6C). We note that based on three earthquakes 
with different magnitudes, distances and azimuths we get similar results for station IB09, thus 
proving that this is a physical phenomenon. 
 Figure 7a shows Fourier spectra of an earthquake that occurred in the Sea of Japan 
(March, 25, 2007, MW=5.7, distance 8,860 km), recorded at IB11. We note that the EW and NS 
components are similar. We identify in the spectra three modes of vibrations at f1= 0.1 Hz, f2= 
2 Hz and f3=3 Hz. 

Figures 8 and 9 display the Fourier spectra of three time-windows of EW and V 
components and H/V spectral ratios, recorded at IB13 and IB15, from an earthquake that 
occurred in the Sea of Japan (September 28, 2007, MW=7.5, distance 10,290 km). The dominant 
feature of Fourier spectrum is the reduced amplitudes at vertical component in the frequency 
range 0.15-0.25 Hz. Therefore, H/V spectral ratio show that deep base structure gives rise to 
multi-dimensional effect, producing a fundamental resonant peak at frequency 0.2 Hz with 
amplification factor of up to 3 and 4 at stations IB13 and IB15, respectively. 
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Figure 6. (a) Velocity seismograms recorded at IB09 of an earthquake that occurred in 
Western China (January 09, 2008, MW=6.4, distance 4,670 km); (b) Fourier spectra of three 
components of motion; (c) horizontal-to-vertical S-wave spectral ratio. 
 

In Figure 10a we plot the Fourier spectra at station IB17 for EW and V components. 
Comparing these spectra we see two troughs in the vertical component at frequencies 0.07-1.3 
Hz and 0.18-0.3 Hz. Receiver functions (Figure 10b) yield amplification 2.0 at frequency 0.1 
Hz and amplification 3.0 at frequency 0.2 Hz. In this case, 0.1 Hz is the dominant frequency at 
IB17, while frequency 0.2 Hz is excited by another part of basin. In addition, we can identify a 
minor spectral peak at frequency of 0.4 Hz. 
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Figure 7. (a) Fourier spectra of three components of an earthquake that occurred in the Sea of 
Japan (March 25, 2007, MW=6.7, distance 8,860 km) and recorded at station IB11; (b) 
horizontal-to-vertical component of S-wave spectral ratio. 
 
   a       b 

 

Figure 8. (a) Fourier spectra of EW and V components of an earthquake that occurred in the 
Sea of Japan (September 28, 2007, MW=6.8, distance 10,290 km), recorded at IB13; (b) 
Horizontal-to-vertical S-wave spectral ratios. 
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Figure 9. (a) Fourier spectra of EW and V components of an earthquake that occurred in the 
Sea of Japan (September 28, 2007, MW=6.8, distance 10,290 km), recorded at IB15; (b) 
Horizontal-to-vertical S-wave spectral ratios. 
 
   a       b 

 
Figure 10. (a) Fourier spectra of EW and V components obtained from earthquake occurred 
in Solomon Isl. (April 01, 2007, MW=8.1, distance 7,500 km), recorded at IB17; (b) H/V 
spectral ratios of S-wave (receiver function). 
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Figure 11. (a) Fourier spectra of two components obtained from an earthquake (August 01, 
2007, MW=6.4, distance 4,670 km), recorded at IB19; (b) H/V spectral ratios of S-wave. 
 

Figure 11a illustrates Fourier spectra of EW and V components, recorded at IB19, of an 
earthquake (August 01, 2007, MW=6.4, distance 4,670 km). An increase in the spectra levels of 
the horizontal component is clear in the frequency range 0.07-0.4 Hz and 0.5-1.5 Hz. The 
spectral ratio (Figure 11b) shows a prominent peak at 0.1 Hz with amplification of about 3. 
Additionally, we get at frequencies of 0.2, 0.3, and 0.4 amplification of 2. The amplification at 
1 Hz is associated with the resonance of the upper layer. 
 

 

 

 

 

 
 
 
 
Figure 12.  (a) Fourier spectra of EW (red) and V (green) components, recorded at IB21, 
obtained from an earthquake (August 15, 2008, MW=8.1, distance 12,860 km); (b) H/V 
spectral ratios of S-wave. 
 

Figure 12a presents spectra of EW and V components. An increase in the spectral levels 
of the horizontal component is clear in the frequency range 0.07-0.2 Hz. Figure 12b shows 
horizontal-to-vertical spectral ratio, with prominent peaks at about 0.1 Hz, 0.15 Hz, 0.3 Hz and 
0.5 Hz. The vertical component has a trough at frequency 1.0 Hz. In the spectral ratio we get 
amplification factor of 4, which is the resonant frequency of the upper layer. 

a b 
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 Figure 13a shows Fourier spectra of EW and V components, recorded at IB36, obtained 
from an earthquake (January 21, 2007, MW=7.5, distance 10,040 km). Comparing the spectra, 
we see that the EW component is higher than the vertical in the frequency range 0.07-0.2 Hz, 
with an amplification of up to 4 at frequency 0.11 Hz (Fig. 13b). 
 
 

 

 

 

 

 

 

 
 
 
Figure 13. (a) Fourier spectra of EW and V components, recorded at IB36, obtained from an 
earthquake (January 21, 2007, MW=7.5, distance 10,040 km); (b) H/V spectral ratio. 
 
 

 
Figure 14.  (A) Fourier spectra of three components of S-wave, recorded at JB12, obtained 
from an earthquake that occurred in Western China (January 09, 2008, MW=6.4, distance 
4,670 km); (B) EW/Z spectral ratio. 
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Horizontal-to-vertical component spectra ratio were also computed for JB stations 
located in the Lisan Peninsula. Examples are shown in Figures 14 and 15 for records of JB12 
and JB10. The Fourier spectra are very similar. An increase in the spectral levels of the 
horizontal component in both stations is clear in the frequency range 0.05- 0.13 Hz, with 
prominent peaks in spectral ratios in 0.1-0.12 Hz. The amplification in 0.8 Hz can be explained 
by resonance of the upper layer of soft soil. 
 

 
 
Figure 15. (A) Fourier spectra of three components of S-wave, recorded at JB10, obtained 
from an earthquake that occurred in Western China (January 09, 2008, MW=6.4, distance 
4,670 km); (b) EW/Z spectral ratio. 
 
 
 
 
 
 
 
 

 

 

 

 

 
 
Figure 16. (a) Fourier spectra for three components of motion obtained from earthquake that 
occurred in Japan Sea (July 16, 2007, MW=6.8, distance 9,227 km) and recorded in the Dead 
Sea Basin at station JB07 (b) horizontal-to-vertical spectral ratio of S-wave. 
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Figure 16a shows Fourier spectra of three components obtained from earthquake that 

occurred in Sea of Japan. We note that the shape of the spectra. For example is significantly 
different from the spectra in Figures 14 and 15. The EW spectrum (Figure 16) has sharp peaks 
at frequencies 0.11 Hz, 0.18 Hz and 0.3 Hz. The H/V spectral ratio yield an amplification of 
4.0 at 0.1 Hz, and up to 2-2.5 at frequencies 0.2, 0.3, 0.4 and 0.5 Hz. 

 
 
 
 

 

 

 

 

 

 

 

 

Figure 17.  Horizontal-to-vertical spectral ratio of S-wave obtained from earthquake that 
occurred in Japan (March 25, 2007, MW 6.8 and distances 8,860 km) and recorded at JB04. 
  
Figure 17 present EW/Z and NS/Z spectral ratios, recorded at JB04, obtained from an 
earthquake that occurred in Japan (March 25, 2007, MW 6.8, distances 8,860 km). Spectral 
ratios show predominant peaks at 0.1 Hz with an amplification of 3.5. Here the two spectral 
ratios agree, unlike the former cases in which the NS/Z spectral ratio is smaller than the EW/Z 
ratio. Other modes at 0.2, 0.5, and 0.7 Hz can be observed, especially in the EW/Z. 
 Figure 18a shows Fourier spectra of the horizontal and vertical components, recorded 
at stations ID27 and JD02, obtained from an earthquake that occurred in Sea of Japan. For 
station ID27 in vertical component there is trough 0.8-0.2 Hz, while station JD02 has a bump 
from 0.09 to 0.13 Hz. The H/V ratio exhibit amplification of 2.5-3.0 at 0.12 Hz (Figure 18b). 

Within the framework of the DESIRE project 10 seismic stations were installed on the 
rock, being located outside the Dead Sea basin. These stations as well as other stations were 
equipped with three-component broadband seismometers. Distance from the stations to the 
basin varied from 2 to 10 km and are used as reference stations. 
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Figure 18.  (a) Fourier spectra, recorded at ID27 and JD02, obtained from an earthquake that 
occurred in Sea of Japan Sea (July 16, 2007, MW=6.8, distance 9,230 km); (b) horizontal-to-
vertical spectral ratios. 
 

Figure 19a shows the record of an earthquake in Kuril and was recorded at station IB31. 
The station is situated on hard soil, however in close proximity to the DSB. The amplitudes of 
horizontal component are higher than the vertical, and consequently, the Fourier spectra of 
horizontal vibrations are higher than the vertical (Figure 19b), in frequencies ranging from 0.07 
Hz to 2.5 Hz. Therefore, spectral ratios (Figure 19c) show amplification of ground motion at 
0.1-0.5 Hz. It means a clear influence of the DSB on the observed vibrations. Similar 
observations, using another earthquake, is presented in Figure 20 for 2 stations that are located 
on the edges of the Dead Sea basin. 
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Figure 19. (a) Velocity seismograms, recorded at IB31, from an earthquake that occurred in 
Kuril (January 13, 2007, MW=8.1, distance 9,481 km); (b) Fourier spectra for three 
components of motion; (c) horizontal-to-vertical spectral ratio of S-wave. 
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Figure 20. Spectral ratios obtained at 2 stations that are located near the edges of the Dead 
Sea basin: IB31 - west of Masada, Israel; JB39 - southeast of Lisan Peninsula. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 21. (a) Fourier spectra for two components (NS red, V green), recorded at JB18 that is 
located on rock, obtained from earthquake that occurred on December 11, 2006 (MW=8.3, 
distance 9,380 km); (b) horizontal-to-vertical spectral ratio of S-wave. 
 

Figures 21 and 22 display Fourier spectra for two components and H/V spectral ratios, 
recorded at IB18, obtained from two earthquakes. Because of the distance and magnitude of 
these earthquakes are almost identical, we obtain similar values of the dominant frequencies. 
Really, the NS component of spectral ratio (Figures 21b and 22b) exhibit three possible resonant 
frequencies near 0.1, 0.2 and 0.5 Hz with amplification factors from 2 to 4. 
  

a   b 
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Figure 22. (a) Fourier spectra for two components (NS red, V green), recorded at JB18 that is 
located on rock, obtained from earthquake that occurred on January 13, 2007 (MW=8.1, 
distance 9,480 km); (b) horizontal-to-vertical spectral ratio of S-wave. 
 
 

 

 

 

 

 

 
 
 
 
 
 
Figure 23. (a) Fourier spectra for two components (NS red, V green), recorded at JB19 that is 
located on rock, obtained from earthquake that occurred on January 17, 2007 (MW=6.2, 
distance 3,350 km); (b) horizontal-to-vertical spectral ratio of S-wave. 
 
  

a b 

a b 
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Figure 24. (a) Fourier spectra for two components of motion (NS red, V green), recorded at 
station JB37 that is located on rock, obtained from earthquake that occurred on January 13, 
2007 (MW=8.1, distance 9,480 km); (b) horizontal-to-vertical spectral ratio of S 
 
 There is a clear increase of the spectral levels in the horizontal components relative to 
vertical components at stations JB19 and JB37, in the frequency range 0.04-0.15 Hz (Figs. 23-
24). Strong amplification of 4-4.5 occurs at station JB19 at frequencies of 0.07 and 0.1 Hz. H/V 
spectral ratio at station JB37 reveals two peaks at 0.08 and 0.14 Hz, with amplification factor 
of 3. Above all the six reference stations, which are installed on rock, have amplifications in 
the frequency range 0.05-1.0 Hz, which is the same range of dominant frequencies of the DSB. 
Thus we cannot apply the conventional reference-station method because receiver functions of 
these stations are not flat. 
 
   a         b 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25. Horizontal-to vertical spectral ratios obtained from local earthquake, recorded at 
IB09 (left) and IB13 (right), which occurred on November 18, 2006 (M=4.2, distance 90 km). 
 

a b 



35 
 

Figure 25 displays H/V spectral ratio. This function is obtained using records of local 
eartquakes at stations IB09 and IB13. The dominant feature of these spectral ratios is a peak at 
0.1 Hz. This fundamental mode was observed in the middle of the basin using teleseismic 
records. Moreover, at both stations we see prominent amplification peaks near 0.2, 0.3 and 0.6 
Hz. 

   a            b 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 26. Spectral ratios obtained from local earthquake that occurred on November 18, 
2008 (M=4.9, distance 225 km) and was recorded at stations: (a) IB19 and (b) IB21. 
 

The H/V spectral ratios from S-wave obtained from local earthquake and was recorded 
at stations IB19 and IB21 are shown in Figure 26. These ratios reveal significant response in 
frequency range 0.05-0.5 Hz. It is worth noting that the site response is controlled by three 
prominent peaks in the frequencies near 0.1, 0.2 and 0.4 Hz. Amplification factors for first 
modes are 3.5 and 6.5 at stations IB09 and IB21, respectively. 
 

   a         b 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27. (a) Fourier spectra, recorded at stations JB12 located in the basin (red) and JB19 
located on rock (green), obtained from a teleseism on January 09, 2008 (M=6.4, distance 
4,670 km); (b) JB12/JB19 ratio. 
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Figure 28. (a) Fourier spectra obtained from an earthquake that occurred on August 08, 2007 
(MW=7.5, distance 8,660 km) and was recorded at station JB12 inside the basin (red) and 
JB39 outside the basin (green ); (b) JB12/JB39 ratio. 
 
The analysis of the frequency domain (Bindi et al., 2009) shows that the spectral energy of the 
basin-generated waves affects both horizontal and vertical components. Therefore. H/V method 
were to provide a reliable estimation for only the fundamental resonance frequency of the site. 
Figure 27a shows spectra that were obtained at stations JBl9 and JB12 located on rock and 
inside the basin, respectively. The spectra are similar and the ratio JB12/JB19 (Figure 27b) 
shows no amplification. Figure 28 presents spectra and spectral ratios of stations JB09 (basin) 
and JB39 (rock). The two spectra are similar. However, due to the difference in the gain of one 
of the stations, these curves do not coincide. Nevertheless, the spectral ratio JB09/JB39 (Figure 
28b) has no amplitude-frequency relation. Consequently, receiver function peak occurs at the 
resonance of 1-D soil column underneath the station. In our study 1-D effect is dominant, 
therefore the spectral ratio techniques using reference site and receiver function should provide 
similar results. 
  

b a 



37 
 

Table 4. Results of dynamical characteristics of the Dead Sea Basin using teleseisms 
(DESIRE project; BB seismometers in Israel). 
 
ns - station was not operating 
 

 

No. Date & Time 
yearmodyhrmn 

Frequency (Hz) ; Amplification 
IB09 IB11 IB13 IB15 IB17 IB19 IB21 

1 200611151114 0.09 ; 2 0.09 ; 2 ---- 0.16 ; 3 0.18 ; 2 ns 0.18 ; 2 

2 200612261234 0.10 ; 3 
0.14 ; 4 

0.10 ; 2 
0.14 ; 2 0.11 ; 2 ---- 0.20 ; 3 ns 0.09 ; 2 

0.18 ; 2.5 

3 200701130423 0.10 ; 2 0.10-0.40 
; 2 

0.13 ; 
2.5 ns 0.20 ; 3 ns 0.11 ; 3 

4 200701172318 ---- 0.20 ; 2 0.20 ; 
2.5 ---- ns ns 0.10 ; 3 

5 200701211127 0.10 ; 2 0.13 ; 3.5 0.13 ; 2 ns ns ns ---- 

6 200703250041 0.09 ; 2 0.10 ; 3 0.09 ; 2 
0.20 ; 2 0.10 ; 3 0.10 ; 3 ns ---- 

7 200704012039 ---- ---- 0.16 ; 2 ---- 0.10 ; 2 
0.20 ; 3 ns ---- 

8 200705050851 
0.10 ; 

2.5 
0.20 ; 2 

0.10 ; 2 
0.20 ; 2 ---- ---- 0.20 ; 3 ---- ---- 

9 200707161427 ---- 0.13 ; 2 ---- 0.16 ; 2 0.20 ; 2 ---- 0.20 ; 2 

10 200708081705 0.10 ; 
2.5 ---- ---- 0.16 ; 3 0.14 ; 3 

0.10 ; 2 
0.20 ; 

2.5 
0.10 ; 4 

11 200708152340 0.10 ; 2  0.10 ; 2 ---- 0.17 ; 2 0.20 ; 2 0.13 ; 
2.5 0.13 ; 4 

12 200709121110 0.12 ; 2 0.12 ; 2 
0.20 ; 2.5 

0.10 ; 2 
0.16 ; 4 

0.20 ; 
3.5 

0.10 ; 
2.5 

0.20 ; 2 
---- ---- 

13 200709122347 ---- ---- 0.08 ; 2 0.16 ; 3 0.20 ; 2 ns 0.10 ; 3 

14 200709130335 ---- ---- ---- ---- ---- ns 0.15 ; 5 

15 200709281338 0.12 ; 2 0.09 ; 2 0.20 ; 3 0.20 ; 4 0.20 ; 3 0.12 ; 2 0.10 ; 2 

16 200711291900 0.10 ; 2 ---- ---- 0.15 ; 3 0.20 ; 2 0.10 ; 
3.5 ---- 

17 200712090728 0.10 ; 2 ---- 0.10 ; 2 
0.13 ; 2 0.13 ; 2 0.13 ; 

3.5 ---- ---- 

18 200801060514 0.11 ; 2 ---- 0.20 ; 3 0.15 ; 2 0.10 ; 2 
0.20 ; 3 ---- ---- 

19 200801090826 0.12 ; 3 ---- ---- ---- ns 0.10 ; 3 ---- 

20 200802200808 0.10 ; 3 0.09 ; 2 0.11 ; 2 ns 0.20 ; 3 ns 0.10 ; 2.5 

21 200802250836 0.13 ; 2 ---- 0.10 ; 2 ns ---- 0.10 ; 2 ---- 
         

 Average 1st-mode 
frequency 

0.11±0.
00 

0.11±0.0
1 

0.13± 
0.01 

0.16± 
0.01 

0.17± 
0.01 

0.11± 
0.01 0.12±0.01 
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Table 4 [cntd.]  

No. Date & Time 
yearmodyhrmn 

Frequency (Hz) ; Amplification 

IB22 IB25 IB31 IB36 IB44 IB38 

1 200611151114 0.10 ; 2 
0.18 ; 2 0.11 ; 2 ---- ns ns ns 

2 200612261234 0.10 ; 2.5 0.10 ; 2 ns ns ns ns 

3 200701130423 0.14 ; 3 
0.08 ; 3.5 0.08 ; 2 ns ns ns ns 

4 200701172318 0.10 ; 2 ---- ns ns ns ns 

5 200701211127 0.11 ; 4 
0.18 ; 3.5 0.10 ; 2.5 0.13 ; 3 ns ns ns 

6 200703250041 0.10 ; 2.5 
0.14 ; 2 ---- ---- ns ns ns 

7 200704012039 0.10 ; 2 ---- 0.10 ; 2 
0.20 ; 2 ns ns ns 

8 200705050851 0.20 ; 3 0.09 ; 2 ns ns ns ns 
9 200707161427 ns ns ---- ---- 0.12 ; 3.5 ns 

10 200708081703 ns ns 0.10 ; 3 0.13 ; 4 0.10 ; 3 
0.20 ; 4 0.10 ; 2 

11 200708152340 ns ns ---- 0.11 ; 4 
0.16 ; 3.5 0.10 ; 3 ---- 

12 200709121110 ns ns ---- 0.12 ; 3.5 0.11-0.17 ; 2 ns 

13 200709122347 ns ns 0.10 ; 3 0.11 ; 3.5 ns ns 

14 200709130335 ns ns ---- 0.13 ; 4 
0.25 ; 3 

0.08 ; 2 
0.12 ; 2 ns 

15 200709281338 ns ns 0.20 ; 3 0.11 ; 4 
0.25 ; 3 0.10 ; 2.5 ns 

16 200711291900 ns ns 0.10 ; 3 0.11 ; 5 0.10 ; 2 0.10 ; 4 

17 200712090728 ns ns 0.10 ; 2 0.10 ; 4 ---- ns 

18 200801060514 ns ns ns ns 0.12 ; 2 ---- 

19 200801090826 ns ns ---- ---- ---- ns 

20 200802200808 ns ns 0.15 ; 3 0.10 ; 4 
0.14 ; 4.5 0.10 ; 2 0.10 ; 3 

21 200802250936 ns ns 0.10 ; 4 0.13 ; 4.5 0.10 ; 2 0.10 ; 2 
        

 Average 1st-mode 
frequency 0.12±0.01 0.10±0.01 0.12±0.01 0.11±0.00 0.10±0.00 0.10±0.00 
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Table 5. Results of dynamical characteristics of the Dead Sea Basin using teleseisms 
(DESIRE project; BB seismometers in Jordan). 

 

No Date & Time 
yearmodyhrmn 

Frequency (Hz) ; Amplification 
JB01 JB12 JB15 JB18* JB19* JB29 JB37* 

1 200611151114 ---- 

0.09 ; 
1.5 

0.15 ; 2 
0.26 ; 3 

0.10 ; 2 
0.20 ; 2 

0.10 ; 2 
0.20 ; 4 

0.10 ; 2 
0.14 ; 2.5 ns ---- 

2 200612261234 0.12 ; 2 0.13 ; 
3.5 0.10 ; 2 0.10 ; 2.5 ---- ns 0.11 ; 2 

0.14 ; 2 

3 200701130423 0.08 ; 2 
0.15 ; 2 0.10 ; 2 0.08 ; 3 

0.14 ; 3 
0.08 ; 4 
0.15 ; 3 

0.08 ; 4 
0.15 ; 4 ns 0.08 ; 3 

0.15 ; 3 

4 200701172318 0.08 ; 3 
0.13 ; 3 0.13 ; 2 ---- 0.08 ; 2 

0.16 ; 1.5 
0.07 ; 4 
0.10 ; 4 ns 0.06 ; 4 

0.13 ; 4 

5 200701211127 0.12 ; 
2.5 

0.12 ; 
3.5 

0.12 ; 4 
0.30 ; 3 

0.12 ; 3 
0.15 ; 2 

0.12 ; 3 
0.15 ; 3 ns 0.13 ; 3 

6 200703250041 
0.12 ; 

2.5 
0.20 ; 2 

---- 0.10 ; 3 0.10 ; 2.5 
0.20 ; 2 0.10 ; 2 ns 0.10 ; 2 

0.20 ; 2 

7 200704012039 ns ns ns ns ns ns ns 

8 200705050851 0.10 ; 2 0.10 ; 2 0.10 ; 2 
0.20 ; 2 

0.10 ; 2 
0.20 ; 2 ---- 0.10 ; 3 0.13 ; 2 

9 200707161427 0.11 ; 3 ---- 0.11 ; 2 
0.25 ; 2 0.14 ; 5 0.13 ; 4 

0.20 ; 3.5 ns ns 

10 200708081703 0.10 ; 2 0.10 ; 3 0.10 ; 2 
0.17 ; 2 0.08 ; 2 ns ns ns 

11 200708152340 ---- 0.12 ; 2 0.09 ; 2 
0.20 ; 2 ---- 0.08 ; 2 

0.14 ; 2 ns ns 

12 200709121110 ---- 0.09 ; 2 0.09 ; 3 0.08 ; 3 0.08 ; 2 0.10 ; 3 0.13 ; 2 

13 200709122347 0.08 ; 2 
0.20 ; 2 0.10 ; 2 0.09 ; 3 0.08 ; 3 0.08 ; 2.5 0.09 ; 3 0.15 ; 2 

14 200709130335 0.09 ; 2 ns 0.08 ; 3 
0.20 ; 2 

0.08 ; 2 
0.20 ; 2.5 

0.08 ; 2 
0.20 ; 2.5 0.11 ; 3 0.12 ; 3 

15 200709281338 0.09 ; 2 
0.10 ; 2 
0.02 ; 

2.5 
0.09 ; 3 0.09 ; 2 0.09 ; 2 ---- ---- 

16 200711291900 ns 0.08 ; 2 
0.15 ; 2 0.09 ; 2.5 0.08 ; 2 

0.10 ; 2 0.10 ; 2.5 0.08 ; 3.5 0.10 ; 2.5 
0.20 ; 2 

17 200712090728 ns 0.08 ; 2 
0.15 ; 2 0.09 ; 2.5 0.08 ; 2 

0.10 ; 2 0.10 ; 2 0.08 ; 3.5 0.10 ; 2.5 
0.20 ; 2 

18 200801060514 ns 0.18 ; 2 0.09 ; 2.5 0.09 ; 2.5 0.09 ; 2.5 0.14 ; 3 0.09 ; 2 

19 200801090826 ns 0.12 ; 3 0.12 ; 2 0.12 ; 2 0.12 ; 2 0.09 ; 2.5 0.10 ; 2 
0.20 ; 2 

20 200802200808 ns 0.10 ; 2 0.09 ; 3 0.08 ; 2.5 ---- 0.09 ; 2.5 0.10 ; 2 
0.20 ; 2 

21 200802250936 ns 0.12 ; 2 ns ns ns ns ns 

 Average 1st 
mode frequency 

0.10± 
0.01 

0.11± 
0.01 0.10±0.00 0.09± 

0.00 
0.09± 
0.00 

0.10± 
0.01 

0.11±0.0
1 



40 
 

Table 5 [cntd.] 
 
 

 
ns - station does not operate; * - station is located on rock 
  

No. Date & Time 
yearmodyhrmn 

Frequency (Hz) ; Amplification 
JB04 JB07 JB10 JB12 JB21* JB39 JB42 

1 200611151114 0.09 ; 2 ns 0.10 ; 2 ns 
0.09 ; 2 
0.14 ; 2 

0.10 ; 2 
0.20 ; 2 ns 

2 200612261234 0.11 ; 2 ns ---- ns ---- ns ns 

3 200701130423 ---- ---- ---- 0.14 ; 2 0.08 ; 4 
0.15 ; 3 ---- ns 

4 200701172318 0.10 ; 2 ns 0.10 ; 2 ns 0.07 ; 4 
0.15 ; 2 ---- ns 

5 200701211127 0.09 ; 3 ns 0.12 ; 5 ns 0.13 ; 4 0.09 ; 3 
0.20 ; 3 ns 

6 200703250041 0.09 ; 3 ---- ---- ns 0.10 ; 2.5 0.09 ; 2 ns 

7 200704012039 0.10 ; 2 ---- 0.10 ; 6 ns 0.12 ; 2 
0.20 ; 2 

0.10 ; 2 
0.20 ; 2 ns 

8 200705050851 0.10 ; 2 0.09 ; 2 0.09 ; 2 ns 0.14 ; 2 0.09 ; 2.5 0.10 ; 3 
9 200707161427 ---- 0.11 ; 4 ---- ns 0.13 ; 4 ---- 0.12 ; 3 

10 200708081703 0.10 ; 2 0.12 ; 3 0.10 ; 3 ns ---- 0.10 ; 2 ---- 

11 200708152340 0.11 ; 2 ---- 0.09 ; 2 
0.17 ; 2 ns 0.11 ; 2.5 

0.17 ; 3 0.11 ; 3 ---- 

12 200709121110 ---- 0.09 ; 2 0.10 ; 2 
0.20 ; 2 ---- ---- ---- ns 

13 200709122347 0.10 ; 2 0.10 ; 2 0.10 ; 2 0.10 ; 2 0.12 ; 2 0.09 ; 3 ns 
14 200709130335 ns ---- 0.11 ; 2 ---- ---- ---- ns 

15 200709281338 ns ns ---- ns 0.10 ; 3 
0.20 ; 2 0.10 ; 2 ns 

16 200711291900 ns ns 0.09 ; 3 0.09 ; 3 ---- 0.10 ; 2 ns 

17 200712090728 ---- ns 0.09 ; 2.5 0.09 ; 3 ---- 0.10 ; 2 
0.20 ; 2 

0.10 ; 2 
0.15 ; 2 

18 200801060514 ---- ns ---- ns ---- ---- 0.09 ; 2 
0.17 ; 2 

19 200801090826 --- 0.10 ; 2 0.10 ; 2 0.12 ; 3 ---- ---- 0.10 ; 2 
20 200802200808 ---- ns 0.10 ; 2 0.10 ; 2 0.10 ; 5.5 0.10 ; 2.5 ---- 
21 200802250936 ---- ns 0.12 ; 2 0.10 ; 2 ns ---- ---- 
         

 Average 1st mode 
frequency 0.10±0.00 0.10±0.00 0.10±0.00 0.11±0.01 0.10±0.00 0.10±0.00 0.10±0.00 
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Table 6. Evaluation of dynamical characteristics of the Dead Sea Basin using teleseisms 
obtained from DESERT project 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Table 7. Evaluation of dynamical characteristics of the Dead Sea Basin using local 
earthquakes (DESIRE project). 
 

Station 200611180257 200802151036 Average Station 200611180257 200802151036 Average 
IB09 0.10 0.10 0.10 JB01 0.10 ns 0.10 
IB11 0.08 ns 0.08 JB04 0.10 ns 0.10 
IB13 0.10 0.14 0.12 JB12 0.10 0.08 0.09 
IB15 0.11 0.09 0.10 JB15 0.08 ns 0.08 
IB17 0.10 0.12 0.11 JB18 0.15 ns 0.15 
IB19 0.10 0.13 0.12 JB19 0.10 ns 0.10 
IB21 0.10 0.12 0.11 JB20 ns 0.08 0.08 
IB22 0.10 ns 0.10 JB21 0.10 ns 0.10 
IB25 0.10 ns 0.10 JB29 ns 0.14 0.14 
IB31 0.10 ns 0.10 JB37 ns 0.13 0.13 
IB36 ns 0.13 0.13 JB39 0.10 0.20 0.15 
IB38 ns 0.10 0.10 JB41 0.10 ns 0.10 
IB44 ns 0.07 0.07     

 

No. yearmodyhrmn Frequency (Hz) ; Amplification 
JD02 ID27 

1 200006072345 ---- ns 
2 200006281444 ---- ns 
3 200007110132 ---- ns 
4 200007172253 ---- ns 
5 200008060727 0.09 ; 2 ns 
6 200008281505 0.08 ; 2 ns 
7 200010020225 0.09 ; 2 ns 
8 200010041658 0.10 ; 2 ns 
9 200010250932 0.10 ; 2 ns 
10 200010290837 0.10 ; 2 ns 
11 200011160745 0.13 ; 2.5 ns 

12 200012061711 
0.08 ; 1.5 
0.14 ; 3 
0.20 ; 3 

0.11 ; 3 

13 200101010657 0.11 ; 1.5 ns 
14 200101091649 0.14 ; 2 0.09 ; 2 
15 200101101602 0.09 ; 2 0.11 ; 2 
16 200101260316 0.11 ; 3 ns 
17 200102131928 ---- ns 
18 200102240723 0.13 ; 2 0.11 ; 4 
 Average 1st mode frequency 0.10±0.01 0.11±0.00 
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Figure 29. (A) DESERT2000 and DESIRE stations (blue triangles) in the southern Dead Sea 
basin. N-S and E-W cross-sections are presented by red lines; (B) First mode resonant 
frequencies along the N-S cross-section using teleseisms; (C) Same using local earthquakes 
; 

Tables 4-7 list first mode resonant frequency at observed at DESERT2000 and DESIRE 
stations using 40 teleseisms and 2 local earthquakes. Figure 29BC shows first mode resonant 
frequencies along the N-S cross-section in the Dead Sea basin. The cross-sections are actually 
straight lines except for a moderate-small change in the first mode of resonant frequency at 
stations IB15 and IB17 in the case of the teleseisms, and a small change at station IB13 in the 
case of local earthquakes. The moderate increase of the resonant frequency in the teleseismic 
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case is located south of the edge of the Lisan salt diapir (Hofstetter and Dorbath, 2014). The 
frequency increase can be explained by either small local anomaly below the stations or by 
reflection of the upgoing teleseismic waves from the edge of the salt diapir. We do not get any 
local induced surface waves, causing lengthening of the significant shaking duration and strong 
low-frequency amplification, in any part of the basin. The absence of such effect of the basin 
can be explained by the large linear dimensions of basin, its shape and velocity of shear wave 
that varies with depth from 800 m/s to 3,200 m/sec. Figure 29DE shows first mode resonant 
frequencies along the E-W cross-section in the Dead Sea basin observed at DESIRE stations 
using teleseisms and local earthquakes. The reference stations that are located on the shoulders 
of the DSB or away from the basin are IB31 on the western side, and JB41 on the eastern side 
and east of this station. All the reference stations have been installed on the rock in the region at 
distances 2-10 km from the basin, presenting vibrations in the range 0.1-0.5 Hz, which were generated 
in the DSB. The cross-section in the case of the teleseisms is actually a straight line, and a straight 
line with a moderate-small increase in the first mode of resonant frequency at stations JB29, 
JB39 and JB18 in the case of local earthquakes (Fig. 29DE). The frequency increase can be 
explained by either small local anomaly below the stations or by reflection in the mountainous 
area. 
 

7. CONSTRUCTION OF 1-D SUBSURFACE MODEL 
 

We determine by modeling the site response function of the soil column, based on the 
program code SHAKE (Schnabel et al., 1972) using the S-wave velocity, thickness, density and 
specific attenuation (or damping) in each sedimentary layer as well as Vs and density of the 
hard rock acting as a seismic reflector. The initial model uses parameters that were reported by 
ten Brink and Flores (2012). Analytical response function, output of SHAKE, should match the 
empirical response function. The program, based on stochastic optimization algorithm (Storn, 
1995), is applied to approximate the spectral ratio by theoretical function, considering the 
dominant frequency, its level and the shape of the H/V curve. Within the chosen frequency 

interval ],[ 21 ωω  we search for thickness ( ih ) and S-velocity ( iv ) that minimize the misfit 
function 
 

[ ]∑
=

−=
N

k
kkSHAKE VHfF

1

2)(/)( ωω  

 

where kω  is the frequency, )(ωSHAKEf  is 1-D theoretical transform function calculated by 
SHAKE program; and H/V is the spectral ratio. Velocity and thickness values are limited by 

1,1,21 +=≤≤ miVvV iii  and miHhH iii ,1,21 =≤≤  where m is number of layers in 1-D 
model. Table 8 lists the initial and optimal models, and Figure 30 shows the optimal analytical 
transfer function superimposed on the H/V spectral ratio for station IB17. There is a good 
agreement between the analytical function and H/V curve. The resonant frequencies of the 
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analytical model coincide with dominant frequencies 0.1 Hz and 0.2 Hz, and even at higher 
frequencies of 0.4 Hz, near 0.6 and 0.8 Hz. 
 
Table 8. Initial and optimal 1-D models for station IB17 in the Dead Sea Basin. 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 30. Analytical transfer function (blue) and experimental H/V ratio (red), recorded at 
IB17, obtained from an earthquake (on April, 01, 2007, MW=8.1, distance 13,500 km). 
 

In the above examples we show that many studies, which use receiver function estimates 
and H/V ratios, are capable of revealing the dominant frequency peaks from earthquakes. In 
this study, we use receiver function to identify dominant frequencies of the Dead Sea basin. 
  

Optimal model Layer 
Num. 

Initial model 
Thickness 

m 
VS 

m/sec 
Density 
gr/cm3 

Damp. 
% 

Thickness 
m 

VS 
m/sec 

Density 
gr/cm3 

Damp. 
% 

1000 1000 2.1 3 1 500-1000 600-1000 2.0-2.2 3-4 
1500 2100 2.3 2 2 1500-2000 1800-2300 2.1-2.4 3-2 
2500 2700 2.4 1 3 2200-2600 2400-3000 2.3-2.5 0.1 
1500 2800 2.2 0.5 4 1200-1700 2600-3200 2.1-2.3 0.5 
1000 3100 2.5 0.3 5 800-1200 2800-3300 2.5 0.3 
2500 3200 2.6 0.2 6 2300-2700 3000-3500 2.5 0.2 

Reflector 3600 2.7 -  Reflector 3600-3800 2.6-2.8 - 
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8. CONCLUSIONS 
 

On the basis of processing 39 teleseisms that occurred in distances 4,700-16,000 km 
and recorded in the Dead Sea Basin at 45 broad band stations, we estimated resonance 
frequencies of the basin over two ranges: fundamental modes 0.1-0.2 Hz and 0.3-0.5 Hz of 
higher modes. The amplification factors vary from 2 to 5 for fundamental modes and 1.5-3.0 
for higher modes. 

Ten reference stations have been installed on the rock in the region at distances 2-10 km from 
the basin. These stations recorded vibrations in the range 0.1-0.5 Hz generated in the DSB. So, we cannot 
use S-wave spectral ratio with respect to reference site in the analysis effect. In this study, as in many 
other studies, we present the stability of the horizontal-to-vertical S-wave spectral ratio (receiver 
function), verification of fundamental frequency and its relevant amplification. 

Local induced surface waves, causing lengthening of the significant shaking duration 
and strong low-frequency amplification, were not found. The absence of such effect of the basin 
can be explained by the large linear dimensions of basin, its shape and velocity of shear wave 
that varies with depth from 800 m/s to 3,200 m/sec. These parameters do not support the 
excitation of basin-edge induced waves. 

The structure and properties of the underlying soils, which were inferred only from 
geological and geophysical information may still lead to wrong assessments of the site response, 
especially when based on 1-D model. Reliable modeling to be used in site response analysis 
should combine different empirical approaches, supplemented with geophysical and geological 
data. 

A stochastic optimization algorithm is applied to calculate the velocity of layers, 
yielding 1-D transfer function to match in optimal way the observed H/V curves considering 
all resonance peaks. 
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