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Abstract: Seismic ambient noise (SAN) energy can potentially blur regional and teleseismic arrivals as well as 
various microearthquakes at specific frequencies. Therefore, quantification of the SAN energy level in a region is 
required to optimize seismic station distribution for seismological investigations. Moreover, evaluation of station 
performance and noise source is possible from observation of SAN energy levels. The SAN energy distribution 
from seismic stations in the Bengal Basin (BB), Bangladesh has not yet been estimated. At the same time, this tec-
tonically active and complex region is less studied using seismic methods. This study aims to quantify SAN ener-
gy and characterize its diurnal variation along with evaluating station performance at 11 seismic stations, which 
were temporarily installed in the deeper portion of the BB. Herein, the daily SAN energy level was determined 
within the period range of 0.02–30 s by estimating the power spectral density (PSD) of seismic data for 7 continu-
ous days. SAN energy and its variation over time were observed using the probability density functions (PDFs) of 
PSDs and spectrograms, respectively. The sources of SAN energies at different period bands were also investigat-
ed by comparing the PSDs with daily variations in human activities, nearby noise sources, local meteorological 
factors (i.e., air temperature and precipitation), and sea level height. The insights from this study could be useful 
for the future deployment of seismic networks as well as seismological studies in the BB.
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INTRODUCTION

Omnipresent small amplitude seismic waves re-
corded by seismometers due to tiny ground vi-
brations, induced by natural (e.g., ocean waves, 

winds, etc.) or anthropogenic (e.g., traffic, indus-
try, etc.) activities, are termed seismic ambient 
noise (SAN) (Peterson 1993, Webb 1998, Rahman 
et al. 2018, Nakata et al. 2019, Lecocq et al. 2020, 
Farazi et al. 2023b). Long-period (generally >1 s) 
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SAN are termed microseisms (Webb 1998, Ard-
huin et  al. 2015), whereas short-period (general-
ly <1 s) SAN are termed microtremors (Molnar 
et al. 2018). Based on recordings of onshore seis-
mic stations worldwide, Peterson (1993) presented 
a global noise model with a new high noise mod-
el (NHNM) and a new low noise model (NLNM) 
in terms of power spectral density (PSD), which 
has been accepted globally and described by many 
authors from both onshore (e.g., McNamara & 
Buland 2004, Vassallo et  al. 2012) and offshore 
study environments (e.g., Webb 1998, Nishida 
2017, Farazi et al. 2023b). Two distinct peaks are 
observed on the NHNM above 1 s period bands, 
known as double frequency peak (within 1–10 s) 
and single-frequency peak (within 10–20 s), gov-
erned by secondary and primary microseism fre-
quency bands, respectively (McNamara & Bu-
land 2004, Nishida 2017). The double-frequency 
peak is generated when two oppositely traveling 
ocean waves of similar frequency are superim-
posed together to produce standing gravity waves 
(Longuet-Higgins 1950). The single-frequency 
peak is related to the seismic energy converted 
from vertical pressure variation or the interaction 
of waves with the shallow sea floor (Hasselmann 
1963). These two peaks are identified at almost 
all of the seismic stations, with their amplitude 
may vary and even shifting slightly from place 
to place (Pierson & Moskowitz 1964, Marzorati 
& Bindi 2006). These peaks are also observed at 
onshore stations, hundreds or thousands of kilo-
meters from the shore because energy from these 
frequency bands is brought by Rayleigh propaga-
tion, but with increasingly lower amplitude with 
distance from the shore (Webb 1998, McNamara 
& Buland 2004, Baker et al. 2019).

When the main purpose of a seismic network is 
to record and provide data for monitoring seismic 
activities, studying seismic sources and the struc-
ture of the earth, contamination of the seismo-
graph recordings by SAN energy makes it difficult 
to analyze data for earthquake monitoring by re-
ducing the signal to noise ratio (SNR) (Grecu et al. 
2018). Therefore, reducing noise levels from seis-
mograms greatly increases the quality of seismic 
data (McNamara & Buland 2004). Hence, to pro-
vide high-quality data to researchers and interna-
tional seismological data centers for seismological 

studies, seismic network operators usually try to 
reduce seismic noise (Grecu et al. 2018). Therefore, 
the first step in reducing noise levels is the precise 
quantification of noise by analyzing it. Quantifica-
tion and characterization of SAN can provide im-
portant insights into the detectability of seismic 
events at a station as well as station performance 
(Marzorati & Bindi 2006, Demuth et al. 2016). 

Peterson (1993) established the most com-
mon procedure of computing SAN levels by only 
choosing the quiet periods from the seismic trac-
es. This method was extended by McNamara & 
Buland (2004) by using the whole seismic record 
including the transient signals, which facilitated 
the observation of the distribution of the SAN lev-
els for the entire frequency range over long peri-
ods of time. Therefore, both SAN levels and seis-
mic station performance can be observed utilizing 
this method.

In this study, we quantified diurnal SAN en-
ergy levels from PSDs and their geographic varia-
tions in the Bengal Basin (BB), Bangladesh (Fig. 1) 
from seismic recordings of 7 consecutive days at 
11 seismic stations. Performance of these seismic 
stations was also evaluated from the PSDs. We 
also assessed the impact of daily human activities, 
meteorological factors (i.e., air temperature and 
precipitation) and sea level on the PSDs of differ-
ent period bands. The results of this study could 
provide useful insights for the deployment of fu-
ture seismic stations in Bangladesh.

TECTONIC SETTING

Bangladesh occupies most of the part of the BB 
(Alam 1989) that tectonically lies near the junc-
tion of the Indian, Eurasian, and Burmese plates 
(Alam et  al. 2003) (Fig.  1). The Eurasian-Indian 
plate boundary forms the Himalayan Arc, where-
as the Indian-Burmese plate boundary forms the 
Burma Arc (Ni et  al. 1989). The Himalayan and 
Burmese arcs override the Indian Plate from the 
north and from the east, respectively, to form 
their respective foreland basins: the Assam Basin 
and the BB (Steckler et al. 2008, 2016). The Shil-
long Plateau, a sliver of the Indian Craton ahead 
of the Himalayan front, overthrusts toward the 
south on the BB causing the rapid subsidence of 
the Surma basin, a sub-basin in the NE BB as well 
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as NE Bangladesh (Johnson & Alam, 1991, Khan 
& Chouhan 1996). Active obduction of the Burma 
Arc with the large sediment loads of the Ganges- 
Brahmaputra-Meghna (GBM) delta forms a huge 
accretionary prism and fold-belt  – Indian- 
Burman Ranges (IBR), the western extension of 

which in Bangladesh is the Chittagong-Tripura 
fold-belt (CTFB, Alam et al. 2003). The fold-belt is 
exposed in the SE Bangladesh with an average ele-
vation of around 1100 m (Bürgi et al. 2021), but is 
still blindly extending westward into the low lying 
GBM delta (Steckler et al. 2008). 

Fig. 1. Map of BB, Bangladesh is showing its tectonic framework with the seismic stations used in this study (indicated by blue 
triangles with station code below). The tectonic elements were taken from (Alam et al. 2003, Steckler et al. 2016). Red dashed line: 
the Dauki Fault; red dotted line: the inferred Indian-Burmese plate boundary megathrust fault; thick red dashed line: the Eocene 
Hinge Zone. The barbs with the lines indicate the subduction direction. CTFB: Chittagong-Tripura fold-belt
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Recently, Mahmud et al. (2020) have suggest-
ed that the lower Meghna River in southern Ban-
gladesh could indicate the Indian-Burmese plate 
boundary fault. 

The BB could be subdivided into three distinct 
tectonic provinces: (i) the stable platform on the 
east, (ii) the foredeep in the center of BB, and (iii) 
the CTFB (Fig. 1; Alam et al. 2003). The first two 
tectonic provinces are demarcated by the Eocene 
Hinge Zone. While sediment thickness is thin in 
the stable platform (~0.2–6 km), it varies from 
~3–20 km in the rest of the tectonic provinces 
(Alam et al. 2003, Singh et al. 2016). In this study, 
we consider the foredeep and the CTFB tecton-
ic provinces together as the “deep basin” por-
tion of the BB. The active tectonics and the past 
earthquake records (Bilham 2004) in and around 
Bangladesh supports the specter of an impend-
ing mega-quake (Singh et  al. 2016, Farazi et  al. 
2018, Hossain et al. 2020, Bürgi et al. 2021, Farazi 
et al. 2023a), therefore, demanding rigorous geo-
physical and seismological studies for precisely 
evaluating the tectonic and geodynamic setting 
of this region.

INSTRUMENTATION AND DATA

To delineate the sedimentary and crustal struc-
ture in the GBM delta, a network of seismic sensors 
named “Z6” was deployed for the period between 
2011 and 2015 and operated by Lamont Doherty 
Earth Observatory (LDEO), Columbia University 
(FDSN 2011)). Another single station, station code: 
DHAK, has been in operation since 2008 with the 
network name “BI” (FDSN 2008). These stations 
rest on the deep basin part (i.e., foredeep and CTFB) 
of the BB. Herein, we used vertical component data 
of 11 stations from these networks (Fig.  1). The 
sampling frequency of these sensors was 100 Hz. 

For this study, digital seismic time series data 
were downloaded using ObsPy, a Python package 
for seismology (Beyreuther et al. 2010), from the 
website of Incorporated Research Institutions for 
Seismology (IRIS). This study utilized a continu-
ous time series trace of 7 consecutive days. The 
data acquisition period from station to station 
varied based on availability of continuous data for 
7 days. Information about the sensors and the data 
period is provided in Table 1. 

Table 1
Station code, length of data, instrument/datalogger information, sensor type, and flat response of each sensor of every station 
used in this study

Station code Data period Instrument/datalogger Sensor type Flat response [Hz]

DHAK 1.01.2014  – 
30.04.2014

Kinemetrics SV1-SH1/
Reftek 72A-02 Datalogger intermediate 0.03–50

BAGH 1.01.2015  – 
30.04.2015

Mark Products L4C/
Reftek 130 Datalogger short-period 1.0–50

BARK 1.01.2015  – 
30.04.2015

Mark Products L4C/
Reftek 130 Datalogger short-period 1.0–50

BRDL 1.01.2015  – 
30.04.2015

Guralp CMG40T/
Reftek 130 Datalogger intermediate 0.03–50

CHAD 1.01.2015  – 
30.04.2015

Mark Products L4C/
Reftek 130 Datalogger short-period 1.0–50

CHNR 1.01.2014  – 
30.04.2014

Guralp CMG40T/
Reftek 130 Datalogger intermediate 0.03–50

JAFL 1.01.2015  – 
30.04.2015

Guralp CMG40T/
Reftek 130 Datalogger intermediate 0.03–50

JAML 1.01.2015  – 
30.04.2015

Guralp CMG40T/
Reftek 130 Datalogger intermediate 0.03–50

JURI 1.01.2015  – 
30.04.2015

Guralp CMG40T/
Reftek 130 Datalogger intermediate 0.03–50

LAMA 1.01.2014  – 
30.04.2014

Guralp CMG40T/
Reftek 130 Datalogger intermediate 0.03–50

MPUR 1.01.2015  – 
30.04.2015

Guralp CMG40T/
Reftek 130 Datalogger intermediate 0.03–50
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Daily temperature and precipitation data were 
collected at 3 hour intervals from the Bangladesh 
Meteorological Department (BMD). Daily varia-
tion of relative sea level height, measured by a tide 
gauge station (CHITTAGONG A) in Chittagong, 
was collected from Permanent Service for Mean 
Sea Level (PSMSL, https://psmsl.org/). 

METHOD

For SAN energy estimation, we used the probabi-
listic power spectral density (PPSD) and spectro-
gram proposed by McNamara and Buland (2004), 
that employs power spectral density (PSD) and 
probability density function (PDF) to show vari-
ations in SAN levels. The analysis was performed 
within 0.02–30 s period range. It is proven that 
SAN travels mostly as Rayleigh waves from its 
source to a  distant seismic station (Webb 1998, 
Campillo and Paul 2003, Shapiro et  al. 2005), 
therefore, herein we use only the vertical compo-
nent data. 

In the PPSD routine of McNamara & Buland 
(2004), PSDs are computed using the algorithm 
utilized by Peterson (1993) and they are then used 
to define the PDF of noise for a  station. The ad-
vantage of this method is that there is no need to 
screen the data for earthquakes, gaps, spikes, cal-
ibrations pulses, etc. as these signals in the seis-
mic data have a low-probability of occurrence and 
do not usually contaminate high-probability noise 
(McNamara & Buland 2004).

The PSD (Pk) was computed by squaring the 
Fourier amplitude spectrum (Yk) of the time se-
ries data and normalizing by twice the ratio of the 
sampling interval Dt to the number of samples (N) 
(McNamara & Buland 2004): 

22
k k

tP Y
N
D

=  (1)

Finally, the PSD was obtained in decibels [dB] 
with respect to acceleration of 1 (m/s2)2/Hz. To sta-
tistically analyze the SAN energy variation over 
a particular period, PDFs were computed for each 
PSD curve by smoothing with a centered-average 
moving window having a width of 1/8 of an oc-
tave. The PSD values at each period were then as-
sembled into 1-decibel bins for estimating recur-
rence of PSD of each period using a histogram. At 

last, the PDF was built by normalizing the histo-
gram period by period. Figure 2 shows the PPSD 
plots of 7 continuous days obtained from this 
study. In addition, to discern diurnal SAN energy 
variation, a spectrogram of PSDs was also gener-
ated for a single day (Fig. 3) and for 7 days (Fig. 4).

We also analyzed the daily PSDs of SAN en-
ergy at three seismic stations, JAFL, DHAK and 
BRDL in Sylhet, Dhaka and Chittagong, respec-
tively, and we compared daily PSD energy varia-
tion with human activities, local meteorological 
factors (i.e., temperature and precipitation) and 
sea level height, obtained from a  tide gauge sta-
tion (Figs. 5–8, respectively), to find possible en-
ergy sources and their effects on seismometer re-
cordings in the study area. The selected stations 
were in three different tectonic zones of Bangla-
desh (Farazi et al. 2023a). The PSD amplitude val-
ues of the selected period bin were normalized 
with a three-hour moving window. Generally, the 
SAN wavefield below the 1 s period is excited by 
anthropogenic activities, around the 1 s period is 
excited by wind effects and local meteorological 
factors, and above the 1 s period is excited by oce-
anic and broad-scale meteorological factors (Webb 
1998, McNamara & Buland 2004, Bonnefoy- 
Claudet et al. 2006, Marzorati & Bindi 2006, Le-
cocq et  al. 2020, Farazi et  al. 2023b). Therefore, 
energy variations of period bands 0.34–0.71 s 
(central period 0.5 s) and 0.7–1.4 s (central peri-
od 1 s) were compared with day and night times 
of an entire week (Fig. 5). Moreover, the SAN en-
ergy of period band 0.7–1.4 s (central period 1 s) 
was compared with daily temperature and pre-
cipitation records throughout an entire week 
(Figs. 6, 7). Additionally, energies of period band 
0.7–1.4 s (central period 1 s) and 4.3–8.6 s (central 
period 6 s) were compared with diurnal sea level 
variation (Fig. 8). 

RESULTS AND DISCUSSION

This study presents SAN energy levels at 11 sta-
tions in the deep basin portion of BB, Bangladesh 
in terms of PPSD distribution (Fig. 2) along with 
daily (Fig. 3) and weekly variation (Fig. 4). In this 
section, we will detail the SAN power level and 
diurnal variation for the period bands 20–30 s, 
10–20 s, 1–10 s, 0.02–1 s separately.

https://psmsl.org/
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Fig. 2. PPSD plots demonstrating PSD-PDFs of 7 consecutive days of seismic recordings of the vertical component from all the 
stations used in this study (Fig. 1). From top to bottom, the stations’ distance decreases from the shoreline in southern Bangla-
desh. The energy mode of the observed PSDs is presented by solid black line. X-axis shows periods in seconds [s] and Y-axis shows 
SAN energy in decibels [dB]. The color bar at the right of each PPSD plot represents probability of occurrence of a given energy 
at a certain period. Station code and date range are provided on top of each panel. The NHNM (upper gray solid line) and the 
NLNM (lower gray solid line) of Peterson (1993) are also shown

https://journals.agh.edu.pl/geol
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Fig. 3. 24-hours PSD spectrograms (daily spectrograms) of the vertical components of the seismic stations presented in Figure 2. 
The Y-axis presents the hours of a day. Station code and date are above each spectrogram

Long period band (20–30 s)

The maximum flat response of the intermediate 
sensors is 33 s; therefore, we consider the 20–30 s 
period band SAN herein. Apart from stations 
JAFL, JAML, CHNR, and BRDL, the PDF mode 
of the PSDs as well as almost all the PSDs for 7 
days at all other stations exceed the NHNM in this 
period band (Fig. 2). However, the BAGH, BARK, 
and CHAD stations are short-period stations, 
therefore the noise energy exceeding the NHNM 
is the background noise from sensor self-noise.

In this period band, the daily spectrograms 
show that the SAN energy varies from around 
–140 dB to around −105 dB at CHNR, JAFL, and 
JURI and from around −110 dB to around −40 dB 
at the rest of the stations (Fig. 3). The higher ener-
gy is especially evident from around 12.00 p.m. to 
around 12.00 a.m. 

In the weekly spectrograms, the stations 
JAFL, JAML, CHNR, and BRDL exhibit SAN en-
ergy variation from around −150 dB to around 
−120 dB, while the rest of the stations exhibit vari-
ation from around −150 dB to −60 dB (Fig.  4). 
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Fig. 4. 7-day PSD spectrograms (weekly spectrograms) of the vertical components of the stations are presented in Figures 2 and 3. 
The Y-axis presents the time in month-day. The station code and year are above each spectrogram

Herein, some higher energy patches are related to 
seismic events, which are observed in the PPSD 
plots. However, no mentionable diurnal cycle of 
SAN power variation throughout the week is ob-
served within this period band.

In this period band, SAN is usually generat-
ed by an oceanic infragravity wave (Webb 1998), 
which contains high energy, but the energy is re-
duced at the inland stations with increasing dis-
tance from the shore. However, in this period 
band, high energy at an onshore station could be 

induced by tilting owing to either weather condi-
tions or poor station design and could be indicat-
ed by smearing on the PPSD plot (McNamara & 
Buland 2004, Uthaman et al. 2022). 

Primary band (10–20 s)
In this period band, the PSD curves exceed the 
NHNM at MPUR, DHAK and LAMA (Fig. 2). Sta-
tions BAGH, CHAD and BARK are equipped with 
short-period sensors that do not allow the reliable 
measurement of SAN energy within this period range. 

https://journals.agh.edu.pl/geol
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Fig. 5. PSD amplitudes of period bands 0.34–0.71 s (central period 0.5 s) and 0.7–1.4 s (central period 1 s) as a function of time 
for 7 continuous days. Stations JAFL, DHAK and BRDL are in A, B and C, respectively. The dark-gray and light-gray shaded 
portions mark the weekends in Bangladesh, i.e., Friday and Saturday, respectively. The entire time period is similar to those in 
Figures 2 and 4

The other stations  – JAFL, JURI, CHNR, 
JAML and BRDL  – exhibit PSDs within the glob-
al noise models of Peterson (1993, Fig. 2). Among 
these stations, only the JAFL station shows the 
typical low amplitude single frequency peak with-
in this period band. 

Energy level in this period band depends on 
the weather condition, and the single frequen-
cy peak is generated due to energy from distant 
storms in the ocean (Nishida 2017). Therefore, the 
presence or absence of such a peak at stations with 
the intermediate flat response could be related to 

either the observation time or the performance of 
the sensor.

The intermediate sensors have energy varia-
tions from around −140 dB to around −130 dB 
without any significant variation throughout the 
day and PSDs are within the global noise mod-
els (Fig. 3). On the weekly spectrograms (Fig. 4), 
the energy level ranges from around –150 dB to 
around −140 dB without any prominent diurnal 
cycle. The sharp energetic spikes in this period 
band are probably caused by surface waves from 
earthquakes (McNamara & Buland 2004). 

A

B

C



218

https://journals.agh.edu.pl/geol

Zannat N., Farazi A.H., Kamal A.S.M.M., Rahman M.Z., Hossain M.S.

Fig. 6. PSD amplitudes of period bands 4.3–8.6 s (center period 6 s) and 10–20s (center period 15 s) are presented with tempera-
ture record and as a function of time for 7 continuous days. Stations JAFL, DHAK and BRDL are in A, B and C, respectively. The 
entire time period is similar to those in Figures 2 and 4 

Secondary band (1–10 s)

In this period band, a  double frequency peak is 
observed at all the stations (Fig. 2). Among all the 
stations, only LAMA exhibits PSDs overshoot-
ing the NHNM. LAMA is situated near the Mat-
amuhuri River by ~0.6 km and near the shore by 
~30 km. The higher energy in this period band 
could be caused by the river flow if it is not the sen-
sor’s self-noise (Burtin et al. 2008, Uthaman et al. 
2022). Daily spectrograms show SAN level vari-
ation from around −150 dB to −120 dB without 
any variation throughout the observed day, except 
at BRDL (Fig. 3). At BRDL, SAN energy increas-
es from around −140 dB at 12.00 a.m. to around 

−120 dB within 8 to 10 after almost 15.00  p.m. 
This station is very close to the shore (~7 km), 
therefore, oceanic energy within the wavelength 
of this period may contribute to such energy vari-
ation (Fig. 8). This diurnal cycle is also visible on 
the weekly spectrogram of BRDL (Fig. 4). There is 
more discussion on the SAN source of this period 
band at BRDL in Section “Analyzing noise sourc-
es.” However, in this period band, no mentionable 
diurnal energy variation cycle was discerned on 
the weekly spectrograms of the rest of the stations 
(Fig. 4). The occasional energetic spikes in this pe-
riod band are probably caused by surface and/or 
body waves from earthquakes (McNamara & Bu-
land 2004). 
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Short-period band (0.02–1 s)

Within this period band, an increasing trend of 
the PSD energy mode is observed at all the sta-
tions forming a peak within 0.03 to 0.3 s. At all the 
stations, the power mode of the PSDs varies from 
around −100 dB to around −60 dB. Among them, 
DHAK, MPUR, and LAMA exhibit the peak ener-
gy level almost over 60 dB and substantially over-
shoots the NHNM. The SAN energy modes of the 
rest of the stations are either below the NHNM 
or marginally overshoot it. DHAK is situated at 
the University of Dhaka, a very busy area in the 
capital city Dhaka, Bangladesh, which is severely 
affected by traffic noise and many other human 

activities. Therefore, energetic cultural noise is ex-
pected at this station. MPUR is located near the 
Dhaka-Mymensingh highway (~0.3 km), thus 
heavy traffic could be the source of the high en-
ergy measured here. At LAMA, high short-period 
energy could be caused by the flow in the nearby 
Matamuhuri River (~0.6 km, Burtin et  al. 2008, 
Uthaman et al. 2022).

The daily spectrograms of all of the stations 
display a  sharp energy increase usually around 
0.5 s that continues up to 0.02 s. JAFL demon-
strates energy increase from around −100 dB to 
around −85 dB from almost 9.00 a.m. to almost 
21.00 p.m. MPUR and DHAK manifest nearly 
−50 dB energy level throughout the day. 

Fig. 7. PSD amplitudes of period bands 4.3–8.6 s (center period 6 s) and 10–20 s (center period 15 s) are presented with precipi-
tation record and as a function of time for 7 continuous days. Stations JAFL, DHAK and BRDL are in A, B, C, respectively. The 
entire time period is similar to those in Figures 2 and 4

A

B

C
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At the rest of the stations, the SAN energy 
is nearly –100 dB to −80 dB from almost 12.00 
a.m. to almost 18.00 p.m., which then decrease to 
around −130 dB to around −120 dB within the re-
maining time of the day. 

The diurnal cycle of SAN energy variation is 
observed on the weekly spectrograms of all the 
stations, especially within the cultural noise band 
(0.1–1 s, Fig.  4). Very high energy is seen usual-
ly below 0.5 s period. The possible causes of such 
high energy could be related to poor performance 
of the sensors or even noise from the power sup-
ply generator at some remote stations (e.g., JAFL). 
Moreover, all the stations are located either near 

highways [BRDL (~1.6 km), DHAK (~0.12 km), 
and MPUR (~0.3 km)], local roads [CHNR 
(~0.1 km) and JURI (~0.08 km)] or near rivers 
[BAGH: Kachalang River (0.2 km); BARK: Kar-
naphuli River (~0.1 km); CHAD: the Padma Riv-
er (~0.8 km); CHNR: Khowai and Sutang rivers 
to the east and west, respectively (~1.7 km both); 
JAFL: Goyain River (~0.5 km); JAML: Surma Riv-
er (~0.05 km); JURI: Juri River (~1.6 km); LAMA: 
Matamuhuri River (~0.06 km)], which make the 
stations susceptible to less attenuated, energetic 
cultural noise. Further discussion on short-period 
energy variation and noise source are provided in 
Section “Analyzing noise sources.” 

Fig. 8. PSD amplitudes of period bands 0.7–1.4 s (central period 1 s) and 4.3–8.6 s (center period 6 s) are presented with hourly 
sea level record and as a function of time for 7 continuous days. Stations JAFL, DHAK and BRDL are in A, B, C, respectively. 
The entire time period is similar to those in Figures 2 and 4 

A

B

C
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All the stations of this study were installed in 
surface vaults, thus providing susceptibility to 
sort-period cultural noise. The short-period SAN 
energies exceeding the NHNM could potential-
ly hinder future micro- and slow-earthquake de-
tections in the study area. Measurements of de-
creasing cultural noise energy on a seismic station 
could be taken by placing a sensor on a hard site 
or installing in a borehole, but in a deep sedimen-
tary basin like the BB, hard sites are rarely found. 
Therefore, to get rid of the short-period high ener-
gy noise in the study area, seismic stations are re-
quired to be installed in places avoiding highways 
and rivers, and in boreholes if possible. 

Analyzing noise sources 
In this study, different noise sources were verified 
at three representative seismic stations located at 
three distant parts of the BB (Farazi et al. 2023a). 
Short-period SAN wavefields (generally ≤1 s) pri-
marily consist of anthropogenic noise propagat-
ing mainly as high-frequency surface waves and 
attenuating within distances and depths of several 
kilometers (McNamara & Buland 2004, Bonnefoy- 
Claudet et al. 2006, Marzorati & Bindi 2006, Le-
cocq et  al. 2020). Therefore, daily anthropogen-
ic activities leave an imprint on the seismometer 
records of these period bands. All three stations 
in Figure 5 show variations in the diurnal SAN 
energy pattern for period bands 0.34–0.71 s 
(central period 0.5 s) and 0.7–1.4 s (central peri-
od 1 s). It is quite evident that daily SAN energy 
is maximum at midday and minimum at mid-
night in a  cyclic pattern throughout a week, in-
dicating a cultural noise source. Very high noise 
levels in station DHAK compared to the others 
indicate that it is nearby a very busy and crowded 
place (i.e., University of Dhaka) in the capital city 
Dhaka. SAN levels in the weekends also exhib-
it similar pattern probably because all three sta-
tions are nearby popular places for visitors during 
the holidays. The almost constantly high ener-
gy flattening the peak of the 0.5 s central period 
band at JAFL could be caused by the runoff in the 
nearby Goyain River (200 m from JAFL) (Burtin 
et al. 2008, Uthaman et al. 2022). The 1 s central  
period band at BRDL shows different behavior 

than the rest of the stations, which we will dis-
cuss here later.

SAN around 1 s is generated due to coupling 
of the ground with wind induced velocity and 
other local meteorological conditions (Bonnefoy- 
Claudet et al. 2006). External meteorological con-
ditions (i.e., air temperature and precipitation) 
could affect SAN wavefield of around 1 s period 
band (Colombero et al. 2018, Oakley et al. 2021). 
Figures 6 and 7 show comparison of 0.7–1.4 s (cen-
tral period 1 s) period band daily SAN energy vari-
ation with temperature and precipitation, respec-
tively. Overall, temperature increase correlates 
well with SAN energy increase for some day at all 
three stations, while it is not the case in some oth-
er days. Therefore, no definite conclusions could 
be drawn from this observation. Precipitation has 
no correlation at all with SAN energy increase or 
decrease.

Microseism bands (1–10 s) are generated in the 
oceans and controlled by atmospheric and weath-
er conditions (Hasselmann 1963, Webb 1998, Mc-
Namara & Buland 2004, Bonnefoy-Claudet et al. 
2006, Farazi et al. 2023b). Figure 8 represents a cor-
relation of relative sea level variation due to tidal 
effect with SAN energy variations in period bands 
0.7–1.4 s (central period 1 s) and 4.3–8.6 s (cen-
ter period 6 s). No evidence of a  correlation was 
obtained apart from a 1 s period band at BRDL. 
JAFL and DHAK are far away from the shoreline 
and thus low microseism energy is expected at 
these stations. BRDL is only 7 km away from the 
coast, SAN energy around 1 s period exhibit for-
mation of 2 peaks every day which strongly cor-
relates with diurnal sea level variation. Therefore, 
it is evident that sea level variation can be moni-
tored from near shore seismic stations. 

The insights obtained from diurnal SAN ener-
gy variation along with contribution from differ-
ent noise sources could be useful for future seis-
mic station installation and seismic monitoring in 
the deep basin area of the sedimentary BB, Ban-
gladesh. Further analysis on long term seasonal 
SAN energy variation could bear a more compre-
hending understanding of the nature of the noise 
wavefield in the thickest and largest sedimentary 
basin in the world.
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CONCLUSIONS

Based on PSD analysis, characteristics of seismic 
ambient noise (SAN) at 11 seismic stations were 
estimated in the deeper part of the BB, Bangla-
desh in terms of diurnal variation of SAN ener-
gy within the 0.02–30 s period range. The study 
revealed that PSDs and energy modes of PSDs of 
some stations (i.e., BRDL, CHNR, DAK, MPUR, 
JAFL, JAML, JURI, and LAMA) within 10–30 s 
were overshooting the NHNM likely because of 
poor station performance. At some stations (i.e., 
BARK, DHAK and LAMA), the PSDs and ener-
gy modes of the 1–10 s period band were mar-
ginally overshooting the NHNM probably due 
to station performance. Within the 0.02–1 s peri-
od band (short-period band) high energies above 
the NHNM are observed generally below 0.5 s at 
all the stations, which could be related to sensors’ 
self-noise, river flow, heavy traffic or power supply 
generators. At the rest of the stations, SAN energy, 
within the 0.02–30 s period range, was within the 
NHNM and NLNM indicating satisfactory sta-
tion performance. Daily and weekly spectrogram 
analysis manifested diurnal variation in noise en-
ergy prominently within the short-period band 
(0.1–1 s). Moreover, examination of SAN energies 
of 0.5 s and 1 s period bin at BRDL, DHAK and 
JAFL exhibited a repeating diurnal cycle. Among 
them, SAN energy of 1 s period at BRDL exhibited 
diurnal variation with sea level. No mentionable 
effect of temperature and precipitation was dis-
cerned on noise energy of 1 s period.

To avoid energetic short-period cultural noise 
for future earthquake detection studies, we rec-
ommend installing seismic sensors in boreholes 
as week as avoiding nearby highways and rivers. 
Despite a complicated and active tectonic setting 
with highly destructive seismogenic potential, 
the BB is still a  seismically understudied region 
of the world. This study provides important in-
sights into seismic station performance and some 
noise sources in the deep sedimentary portion 
of BB from observation of diurnal SAN energy 
variation. Therefore, this study would be infor-
mative for future seismic station deployment in 
this region. Future work could be devoted to re-
vealing any seasonal variation of SAN energy for 

the more comprehensive characterization of SAN 
in the BB. 
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