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ABSTRACT 

Cultural noise is the earth’s vibrations that comes from urban activities such as traffic, industrial 

activities, subway, sport events specifically football games, etc. In this paper, power spectral 

density were calculated to study the cultural noise frequency contents. This method is used to 

describe the energy concentration in frequency domain. One of the dominant features of cultural 

noise is their spatial and temporal variations and their energy levels throughout the day and 

night. Here we use the broad-band seismic station deployed in Tehran city TDMMO. The 

duration of the seismic recording presented in this paper is a week. We apply the frequency 

band between 8 and 12 Hz to specify the seismic signals generated by traffic. The results shows 

amplitude variations throughout the day and night with 20 dB changes in energy level. We also 

analyze the seismic signals in the frequency band between 2 and 6 Hz during the football match. 

The result shows that seismic signals have an elliptical motion on vertical and east-west 

component in certain time windows with dominant Rayleigh wave energy. 
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INTRODUCTION 
     Seismic ambient noise is a term that used to describe the ambient vibrations of the earth and 

originates from different sources such as ocean waves, tides, hurricane, wind impacts on 

buildings and trees and human activities. According to different studies, Seismic ambient noises 

are classified according to their frequency content [1]. Low frequency noises (less than 1 Hz) 

are typically caused by natural sources such as climate change or ocean waves. These waves are 

called microseism. In microseism band, two dominant peaks are clearly observed in records of 

the worldwide seismic stations. One of the peaks which has a lower amplitude, high period peak 

(f=0.0625-0.1 Hz), known “single-frequency peak (SF)” which is observed in shallow coastal 

waters where ocean waves is converted directly into seismic energy [2]. Other peak with higher 

amplitude, shorter period peak (f=0.125-0.25 Hz), known “double-frequency peak (DF)”. This 

peak is caused by superposition of the ocean waves traveling in opposite directions [3]. The 

long-period seismic waves, f=0.003-0.03 Hz, which are considered as earth hums may only be 

observed in high-quality seismic stations. Hums  are typically generated by a portion of ocean 

swell that reaches coast lines and  transformed into much longer periods (low frequency)  [4], 

[5]. The frequency bands between 1 and 50 Hz generally come from human activities called 

cultural noise. Cultural noise is caused by different urban activities including traffic, industrial 

machines, subway, football games and etc. One of the dominant features of cultural noise is 

their variation of their energy levels throughout the day and night.  
In recent years the analysis of the variations of the seismic background noise in urban areas 

has been increasing. The objective of these analysis is using to site effect analysis, wave 
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propagation scenarios and early warning concepts. Tehran is a large, rapidly growing and 
important city situated in the northern center of Iran and located near seismically active faults. 
Several of these active faults have been mapped, but their geometry at depth and kinematics are 
not well known [6]. The capital of Iran, Tehran which is the largest city. The population of 
Tehran is over 13 million and it will continue in oncoming decades, so that it will be an area 
with high population concentration and dense transportation network and has a high potential to 
observe cultural noise sources [7]. 

Spectrograms are one of the best tools that can be used to analyze energy level of the seismic 
ambient noise in different frequency bands. The observation detailed in this work highlight the 
amplitude variation and temporal variation due to cultural noises. The purpose of this study is to 
investigate about amplitude variation due to cultural noises. We present here one-week data 
recorded by a three component of broad-band seismic accelerometer, coded as TDMMO, which 
was installed in Tehran. This station is located in Tehran Disaster Mitigation and Management 
Organization in down town. The spectrogram of the recorded signal show that the frequency 
between 1 and 50 Hertz is controlled by cultural noise sources such as road traffic, subway 
vibrations and etc. we studied time evolution of seismic signal during a week period. As 
predicted nighttime amplitude is about 2 times smaller than amplitude during the daytime.  
 

 

 

Methodology  
     Fourier transform is one of the mathematical tools that transforms the signal from the time 

domain into frequency domain. One of the disadvantages of the Fourier transform method is 

that we cannot easily observe the temporal positioning of power frequency contents in the 

spectrum. Power spectral density method by Short-Time Fourier Transform (STFT) is an 

efficient method to study the frequency content of signals in time-frequency domain. Power 

spectrum of a time series describes the distribution of power among frequency components. 

According to Fourier analysis, any physical signal can be decomposed into a number of discrete 

frequencies or a spectrum of frequencies through a continuous range. The statistical average of a 

certain signal in terms of its frequency content, is called its spectrum. When the energy of a time 

series is concentrated on finite intervals, we apply power spectral density method. This method 

is used to describe the energy concentration in frequency domain.  

In this work before calculating the power spectral density, mean and trend were removed, after 

that the seismometer instrument response was removed by the instrument transfer function to 

acceleration. The most common method for estimating the power spectral density (PSD) is 

called “direct Fourier transform”. To estimate PSD, we separated vertical component of a time 

series that had been recorded during one week. The time series is divided into one hour 

segments, overlapping by 75%. The finite-range Fourier transform of a periodic time series y(t) 

is given by this equation: 

 

 

(1) 

 

In the following equation  is the length of time series segment and f stands for frequency. For 

discrete frequency values, fk, the Fourier components are defined as: 

 

 
 

(2) 

 

For     when k=1,2,…,N-1 and ∆t is  sample interval (0.01 sec) and N is the number of 

samples in each time series segment,  N=Tr⁄∆t. Using the Fourier component, the total PSD is defined  
 

 

 
 

(3) 



356 
 

 

 
in equation (3), the total power, pk, is the square of the amplitude spectrum with a normalization factor of 
2∆t ⁄ N .PSD is expressed in units of decibel (dB) reference[8]. 

 

 

 

 

 

Results and discussion 

  
Spectrograms of the seismic ambient noise on vertical component for frequencies between 0.01 

to 50 Hertz is shown in figure (1). This figure shows the one-week data for vertical seismic 

acceleration during 2018/06/23-2017/06/29. In this figure, the changes in color indicates the 

changes in energy level, from blue to red which is an observation in an increase in power-level. 

The color pallet is expressed in dB with the value of (nm/s2)2/Hz. The most power-level 

variation is observed in frequency above 1 Hz, with 20 dB changes during day and night. The 

black box shows cultural noise above 1 Hz with the maximum energy level between 20 and 30 

Hz. The red box shows the microseism band (below 1 Hz). As can be seen, the energy 

concentration is in cultural frequencies (above 1 Hz). Figure (2), shows the time evolution of 

seismic noise generated by traffic during a week. This figure displays the three components of 

seismic acceleration, filtered between 8 and 12 Hz, enveloped and decimated to one sample in 

every ten minutes. The vertical component has been drawn blue, the north-south component is 

red, and the east-west component is black. The north-south’ amplitude is greater than the other 

components. During day time, amplitudes on working days are more than those observed during 

week-end. The blue bar on the top of figure (2), shows Friday. The maximum daytime 

amplitude is around 12*104 nm/s2, and drops to 6×104 nm/s2 at midnight. In another word, the 

daytime amplitude is about 2 times higher than the amplitude during night time. The black bar 

on the top of figure (2), indicates the gap between data. 

The seismic noise often has distinct spectral peaks in the 1-6 Hz band and amplitude variations 

coincide with the day time that music is being played[9]. There have been some debates about 

the mechanism for this seismic signals whether generated by extremely load speakers or 

people’s movings. According to the study of Green and Bowers’ (2008), the seismic noise was 

observed 10 km far from the station was generated by vibrations in the loudspeakers at the site. 

Here we use data from 2018 football world’s cup held between Iran and Portugal. Thousands of 

people went to Azadi stadium to watch the match on monitor. We analyze here the seismic 

signals generated by load speakers during the last 30 minutes of the match. The 3 goals chances 

which were scored in the last 30 minutes are shown by red line (Figure 3.a). The particle motion 

diagram are shown below. Peaks amplitude in first event is greater than the others (reaching to 

±6×104 nm/s^2 in vertical component). Particle motion diagrams do not show a well-defined 

polarization but each event has an elliptical motion in horizontal plane, just as we find in 

Rayleigh wave. 
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Figure 1. spectrogram of the vertical seismic acceleration during the time interval 2018/06/23-2017/06/29. 

Red box shows the frequency range dominated by ocean activity (microseism band). Black box shows the 

band dominated by cultural noises and. Color scale is expressed in dB referred to (nm/s^2)/Hz. 

 

 
 

 
a) 

 
Figure 2. Envelop of 3 component of seismic acceleration, filtered between 8 and 12 Hz and decimated to 1 

sample every 10 minutes. vertical component is blue, the north-south component is red, and the east-west 

component is black. 
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b)                                                        c)                                                d) 

   
Figure 3.a vertical seismic acceleration filtered between 2-6 Hz during the last 30 minutes of the football 

match of world’s cup. b,c and d particle motion diagram at goal chances time. Z  is vertical component 

(nm/s^2) , E is east-west component (nm/s^2). 

 

 

 

 

 

CONCLUSION(S) 
 
In this paper we analyzed seismic ambient noise via the method of power spectral 
density. Variation of signals power was observed between day/night. The highest 
level of vibration was observed in the spectrum of vertical seismic acceleration with 
the energy frequency above 1 Hz and 20 dB changes during day/night. The peak of 
the power level is at 20-30 Hertz. Time evolution of vertical seismic acceleration 
filtered between 8-12 hertz showed that during day time, amplitude of vertical 
seismic acceleration on working days are higher than those observed during the 
weekend. The maximum daytime amplitude of vertical seismic acceleration is around 
12×104 nm/s2, and drops down to 6×104 nm/s2 at midnight, which shows the daytime 
amplitude is about 2 times higher than the night time. The seismic signals recorded 
during a football match showed the power level during a goal time was between 2-6 
Hertz. Particle motion diagrams did not show a well-defined polarization but each 
event had an elliptical motion in vertical and east-west plane, just as we would find  
in Rayleigh wave. 
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