
The Nucleus, 46 (1-2) 2009 : 9-14 
The Nucleus

Paki stan

The Nucleus 
A Quarterly Scientific Journal of Pakistan 

Atomic Energy Commission 

N C L E AM ,  I S S N  0 0 2 9 - 5 6 9 8

∗ Corresponding author : suhail_wyne@yahoo.com 

ESTIMATION OF SITE RESPONSE CHARACTERISTICS AT FOUR SITES OF SEISMIC 
MONITORING NETWORK IN PAKISTAN 

*S. AHMED, M. D. SHAH, M. QAISAR and K. KHAN 

Micro Seismic Studies Programme, Ishfaq Ahmed Research Laboratories, P.O Nilore, Islamabad, Pakistan 

(Received November 17, 2008 and accepted in revised form February 02, 2009) 

The widely used approach proposed by Nakamura was adopted for the assessment of site response characteristic 
parameters namely; resonance frequency and amplification factor that are important for seismic hazard assessment and 
yield assessment in case of explosions. The technique involves calculation of spectral ratios of the horizontal to vertical 
components (H/V) of ambient noise recorded at sites of seismic monitoring network. The resonant frequency and 
amplification factor for four selected sites were estimated. The ambient noise at these sites have ground amplification 
factor of 1.2 – 3.75 over the frequency range of 1.05 – 4.90 Hz. The normalized spectral ratio reflects the dominant 
frequency and relative amplification of the selected sites. The amplification factors estimated for Sakesar and Fatehjang 
sites are higher than Nilore and Nurpur sites. These results are fully supported by the fact that calculated magnitudes of 
seismic events (local, regional and teleseismic) recorded at Sakesar and Fatehjang show higher values as compared to 
Nilore and Nurpur sites. 
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1. Introduction 
Near surface geological and topographical 

conditions play a major role in the level of ground 
shaking that causes loss of lives and property 
during destructive earthquakes. To decrease such 
losses, it is very important to know the site 
response characteristic parameters such as 
resonance frequency and amplification factor. 
Therefore, mapping of pre-dominant frequency of 
soil resonance and amplification factor permits 
identification of zones at risk in seismically prone 
areas. Damages to property due to destructive 
earthquakes are larger on unconsolidated deposits 
than on firm rocks. Since urban areas are 
developing very fast and their primary locations are 
river valleys, i.e sites of recent alluvium and glacial 
deposits, local site amplification becomes major 
concern for estimating seismic risks. Considerable 
efforts have been made by various researchers 
[1-4,7,8,11-17] to develop and apply techniques for 
the assessment of site response characteristics 
and other affiliated parameters by analyzing noise 
and micro tremors. These authors have pointed out 
the correlation between the H/V peak frequency 
and the fundamental resonance frequency of the 
site, and they proposed to use the H/V technique 
as an indicator of the underground structure 
features. It was hypothized by Nakamura [12] that 

the vertical component of ambient noise keeps the 
characteristics of the source to sediment surface 
ground and is also influenced by Rayleigh wave 
and can therefore, be used to remove both these 
effects from the horizontal components. This 
technique consists of dividing the spectrum of the 
horizontal components by that of the vertical 
component of the ambient noise.  The transfer 
function obtained from the spectral ratio of the 
ambient noise may or may not be the true transfer 
function of the input and output of the linear 
system but is a first step to estimate dynamic soil 
response and risk mitigation of buildings and 
lifeline in case of major earthquake.  

2. H/V Method 
The H/V spectral ratio method also called the 

‘Nakamura technique’ was originally introduced by 
Nogoshi and Igarashi [15] that was based on the 
initial studies of Kanai and Tanaka [5] and 
widespread by Nakamura [12-14]. It consists of 
estimating the ratio between the Fourier amplitude 
spectra of the horizontal and the vertical 
component of ambient noise or micro tremors 
recorded at the surface. Mathematically, the root 
mean square (r.m.s) site amplification factor 
HVSR(f) is represented as  

Estimation of site response characteristics at four sites   9 



The Nucleus, 46 (1-2) 2009 

)f(absV

)f(absH)f(absH
2
1

)f(HVSR

2
EW

2
NS +

=  

Where ,  and  represent
Fourier spectra of the NS, EW and vertical
components of ambient noise respectively. The
average spectral ratio of N different samples is
estimated as 

NS)f(H EW)f(H )f(V

av)f(HVSR  =  
N

)f(HVSR
N

1i
∑
=  

To apply Nakamura’s [12] technique, four sites
were randomly selected within seismic monitoring
network, operated by Pakistan Atomic Energy
Commission, for the assessment of dynamic soil
response.   

2.1. Sites characteristics 
Ambient noise analysis was carried out at four

sites mentioned in Table 1 and shown in Figure 1.
Three of the sites are situated in the suburbs of
Islamabad while the fourth one is situated at about
150 km south of Islamabad, the capital of Pakistan.

S. No. Site Name Latitude 

1 Fatehjang(FAT) 33 36.7911N

2 Nilore(NIL) 33 38.9813N

3 Sakesar(SAK) 32 32.3886N

4 Nurpur(NPR) 33 45.1237N

 

Lithology
Station Code 

Lithology Surface Extent

Fatehjang FAT Sandstone, dolomite 
limestone ~350m

Nilore NIL 
Alluvium, Sandstone, 
shale, argillaceous 
limestone 

~150m

Sakesar SAK 

Massive limestone, 
anhydrite and salt 
with shale and 
sandstone 

 

Nurpur NPR Limestone, 
Sandstone & Shale ~150m
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Table 1 

Longitude Altitude 

 72 34.7365E 890m 

 73 15.0968E 588m 

 71 55.0894E 1400m 

 73 08.4104E 560m 

Table 2 

 

 Subsurface 
Extent Critical Seismogenic 

Structures 

 Sandstone, shale, 
limestone, slate > 5,000m MBT, Punjab Thrust 

 
Sandstone, shale, 
argillaceous 
limestone 

> 5,000m MBT, Hazara Thrust 
System 

Shale and 
sandstone  Salt Range 

 Shale & Sandstone < 14,000m MMT, MBT, Punjab 
Thrust 
 
 
 
 

 
 
 
 

 
 
 
 
 

A very brief description of the geology of the 
selected sites is given below in Table 2. 

 
Figure 1. Map showing location of selected sites. 

2.2  Data sets and methodology adopted 
The seismometers installed at the four selected 

sites are Guralp’s 3CMG_ESP velocity transducers 
having 1 Hz as their natural frequency and their 
smooth response (bandwidth) is from 60 seconds 
to 50 Hz. These sensors are installed in proper 
vaults, so that cultural noises can be minimized. 
The sampling rate was fixed at 50 samples per 
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second (sps) and data was recorded on personal 
computer (PC) with the help of Scream software 
[19] in continuous mode. 

Two days data was selected randomly for 
spectral ratio analysis. Initially, the data was 
manually scanned and all those samples which 
were carrying abnormal cultural or environmental 
noise were dropped. The selected data was then 
divided into 60 seconds time windows and 
spectrum of each segment was calculated using 
Seismic Analysis Code (SAC) [18]. A Sample data 
set of the ambient noise for the four selected sites 
is presented in Fig. 2. Spectral ratios for each site 
were calculated by dividing horizontal components 
(east west and north south) to the vertical 
component at each frequency interval and 
averaging them. 

 
Figure 2: Sample ambient noise segment. 

3. Results and Discussions 
3.1. Sakesar site 

A comparison of average spectra for three 
components (two horizontal and one vertical) and 
average H/V spectral ratios from ambient vibration 
recorded at Sakesar site are presented in Figure 
3a and 3b respectively. An increase in the spectral 
levels of the horizontal components is clear within 
frequency band of .4 to 5 Hz. while the average 
H/V spectral ratios curve show amplification factor 
as 3.25 at the fundamental frequency of 3.5 Hz. 

3.2. Fatehjang site 
A comparison of average horizontal (NS and 

EW) and vertical components spectra from 
ambient vibration recorded at site Fatehjang and 
average H/V spectral ratios are shown in Figure 4a 
and 4b. The general character of these spectra is 
that the spectral levels for vertical components 
follows the levels for the horizontal 
 

 

Figure 3a.  Average Fourier spectra of three components for 
the Sakesar site. 

 

Figure 3b. Average spectral ratio obtained for the Sakesar site. 

components except within the frequency range 0.4 
to 2 Hz. where the vertical component show a 
prominent drop in its level relative to horizontal 
components. Spectral ratios show a prominent 
peak at about 1.07 Hz with amplification up to 3.75 
for this site. 

 
Figure 4a. Average Fourier spectra of three components for the 

Fatehjang site. 
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Figure 4b.  Average spectral ratio obtained for the Fatehjang 

site. 

 
Figure 5a. Average Fourier spectra of three components for the 

Nilore site. 

 
Figure 5b. Average spectral ratio obtained for the Nilore site 

3.3. Nilore site 
Figure 5a and 5b represent the average spectra 

of the three components of the recorded ambient 
noise at Nilore site alongwith average spectral 
ratios between two horizontal and one vertical 
component respectively.  It can be clearly seen 

that the level of vertical component exceeds the 
level of horizontal components except for a very 
narrow frequency band between 0.8 to 1.1 Hz. The 
average spectral ratio graph shows a peak around 
frequency at 1.05 Hz. and the calculated 
amplification factor comes out to be 1.2. 

 
Figure 6a. Average Fourier spectra of three components for the 

Nurpur site. 

 
Figure 6b. Average spectral ratio, obtained for the Nurpur site. 

 

Figure 7. Comparison of spectral ratios estimated at the four 
selected sites  (FAT, SAK, NIL, NPR) of seismic 
monitoring network in Pakistan. 
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3.4. Nurpur site 
Average spectra of the ambient noise of the

three components recorded at Nurpur is shown in
Figure 6a, while average spectral ratio in Figure
6b. The site resonance frequency is about 4.9 Hz.
and the associated amplification factor comes out
to be 1.7. 

Relative spectral ratio and amplification factor
for the four selected sites of seismic monitoring
network in Pakistan is presented in Fig. 7. Table 3
represents the estimated amplification factor and
resonance frequency of each selected site. 

4. Conclusions 
The estimated amplification factor and their

resonant frequencies for the selected sites using

S. No. Station Re

1 Sakesar(SAK) 

2 Fatehjang(FAT) 

3 Nilore(NIL) 

4 Nurpur(NPR) 

Time 
S. No Date 

Hr : Min 

1 12/08/2007 13  :  28 M

2 19/10/2007 07  :  19 Ba

3 12/12/2007 07  :  16 M

4 08/05/2008 03  :  37 H

5 11/07/2008 02  :  03 H

6 13/07/2008 08 : 50 H

7 05/09/2008 04 : 57 H

8 06/09/2008 05 : 47 H

9 10/09/2008 11 : 00 Ira

10 24/09/2008 17 : 59 H

11 07/10/2008 02 : 53 H

12 26/10/2008 01 : 28 H

13 16/11/2008 17 : 02 In

14 09/12/2008 22 : 52 Ba

15 03/01/2009 19 : 43 Pa

16 03/01/2009 22 : 33 Pa

17 20/01/2009 09 : 26 Af
 

Estimation of site response characteristics at four sites 
Table 3 

sonance Frequency Amplification Factor 

3.50 Hz. 3.25 

1.07 Hz. 3.75 

1.05 Hz. 1.20 

4.90 Hz. 1.70 

Table 4 

Calculated Magnitude 
Location 

SAK FAT NIL NPR 

ansehra 5.0 4.8 4.3 4.4 

luchistan 5.0 5.4 5.2 5.2 

ansehra 4.7 4.6 4.2 4.5 

indu Kush 5.2 5.3 5.1 4.9 

indu Kush 5.9 6.0 5.6 5.5 

indu Kush 5.5 5.7 5.3 5.4 

indu Kush 6.3 6.5 6.0 6.0 

indu Kush 6.6 6.6 6.4 6.5 

n 6.3 6.3 6.2 5.8 

indu Kush 5.8 5.6 5.4 5.5 

indu Kush 5.2 5,2 5.1 4.9 

indu Kush 6.0 6.1 5.9 5.9 

donesia 6.7 6.6 6.5 6.5 

luchistan 6.3 6.2 6.1 6.0 

pua New Guinea 6.7 6.8   

pua New Guinea 6.9 7.1 6.8 6.8 

ghanistan 5.4 5.4 5.1 5.2 
 
 
 
 
 

 
 
 
 

 
 

average spectral ratios method lie between 1.2–
3.75 and 1.05–4.90 Hz. respectively. The 
amplification factors estimated for Sakesar and 
Fatehjang sites are higher than Nilore and Nurpur 
sites as indicated in Table 3. These results are  
fully supported by the fact that calculated 
magnitudes of seismic events (local, regional and 
teleseismic) recorded at Sakesar and Fatehjang 
show higher values as compared to Nilore and 
Nurpur sites as shown in Table 4. This method has 
proven to be useful to estimate the fundamental 
period of soil deposits but alone is not sufficient to 
characterize the complexity of the site effects. 
However, the analysis of data should be carried 
out with caution. The H/V technique is an initial 
step, inspite of its limitations and robustness, but is 
an important step to estimate site characteristics 
for microzonation studies of interested area. 

13



The Nucleus, 46 (1-2) 2009 

References 

[1] 

[2] 

[3] 

[4] 

[5] 

[6] 

[7] 

[8] 

[9] 

[10] 

[11] 

[12] 

[13] 

[14] 

[15] 

[16] 

[17] 

[18] 

[19] 

S. Bonnefoy-Claudet, C. Cornou, P.-Y. Bard, 
F. Cotton, P. Moczo, J. Kristek and D. Fäh, 
Geophysical Journal International, 167, No. 2 
(2006) 827. 
Sesame, Guidelines for the implantation of 
the H/V spectral ratio technique on ambient 
vibrations, measurements, processing and 
interpretation, European Commission Res-
earch General Directorate project no. EVG1-
CT-2000-00026 (2004). 
Guo Xun, Y. L. Wong and Y. Yifan, 
Earthquake Engineering and Engineering 
Vibration, 1, No. 1 (2002) 45. 
A. Köhler, M. Ohrnberger, F. Scherbaum, M. 
Wathelet and C. Cornou, Geophysical 
Journal International, 168, No. 2 (2007) 827. 
K. Kanai and T. Tanaka, Bulletin of the 
Earthquake Research Institute 39 (1961) 97. 
K. Konno and T. Ohmachi, Bulletin of the 
Seismological Society of America, 88, No. 1 
(1998) 228. 
K. Kudo,. Practical estimates of site 
response. State-of-art report. Proceedings of 
the fifth International Conference on Seismic 
Zonation. Nice, France (1995) 1878. 
C. Lachet and P.Y. Bard, Journal of Physics 
of the Earth, 42, No. 4 (1994) 377. 
J. Lermo and F. J. Chavez-Garcia, Bulletin of 
the Seismological Society of America, 83, 
No. 5 (1993) 1574. 
J. Lermo and F. J. Chavez-Garcia, Bulletin of 
the Seismological Society of America, 84, 
No. 5, (1994) 1350. 

M. Massa, G. Ferretti, A. Cevasco, L. Isella, 
and C. Eva, Earthquake, Spectra, 20 (1989) 
S107. 
Y. Nakamura, Quarterly Report Railway 
Tech. Res. Inst. 30, No. 1 (1989) 25. 
Y. Nakamura, Real-time information systems 
for hazards mitigation. Proceedings of the 
11th World Conference on Earthquake 
Engineering. Acapulco, Mexico (1996). 
Y. Nakamura, Clear identification of 
fundamental idea of Nakamura’s technique 
and its applications. Proceedings of the 12th 
World Conference on Earthquake 
Engineering. Auckland, New Zealand (2000). 
M. Nogoshi and T. Igarashi, Journal of 
Seismological Society of Japan, 24 (1971) 26 
(in Japanese with English abstract). 
S. Parolai, S. M. Richwalski, C. Milkereit and 
P. Bormann, Tectonophysics 390 (2004). 
K. Wakamatsu and Y. Yasui, Possibility of 
estimation for amplification characteristics of 
soil deposits based on ratio of horizontal to 
vertical spectra of microtremors. Proceedings 
of the 11th World Conference on Earthquake 
Engineering. Acapulco, Mexico (1996) 1526. 
P. Goldstein, D. Dodge, M. Firpo and 
L. Minner, SAC: Signal processing and 
analysis tools for seismologists and 
engineers: Lawrence Livermore National 
Laboratory, Livermore, CA 94550 (2003). 
Scream 4.4: Designed and Manufactured by 
Guralp Systems Limited, 3 Midas House, 
Calleva Park Aldermaston RG78EA England.

 

14               S. Ahmed et al. 

http://www.springerlink.com/content/120373/
http://www.springerlink.com/content/120373/
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&possible1=Massa%2C+Marco&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&possible1=Ferretti%2C+Gabriele&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&possible1=Cevasco%2C+Andrea&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&possible1=Isella%2C+Luana&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&possible1=Eva%2C+Claudio&possible1zone=author&maxdisp=25&smode=strresults&aqs=true

