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Abstract  
 

Bangladesh is used to struggle with several natural disasters and has become one of the most earthquake vulnerable 

countries of the world. The nature and the distribution of the earthquake events in different seismic zones of Bangladesh 

are related to various man-made factors. This study is dealing with the impact of these factors which are leading to the 

incidence of earthquakes. Geographic information system (GIS) is used to analyze earthquake data graphically. Bivariate 

analysis is conducted using t-test approach for hypothesis testing purpose. Availability of gas and oil has been turned out 

as significant in the results on earthquake occurrences. Three Poisson regression models, along with bivariate analysis, 

are employed in this study to assess the occurrence of earthquakes in relation with having minerals in Bangladesh. The 

results give evidence that the presence of minerals is vulnerable to earthquake and production of minerals increases the 

vulnerability. The presence of gas and oil in the related districts significantly increases the expected number of 

earthquakes. Keeping similarity with this result, the districts where gas and oil production are running also experience 

significantly more frequency of earthquakes compared to that of other districts. It is also found from the analysis that the 

more amount of gas the districts have, the higher the expected number of earthquakes is in that districts. However, neither 

presence of coal nor running of coal production has any significant effect on earthquake occurrence.  

Keywords: Earthquake, geographic information system (GIS), t-test, Poisson regression. 
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INTRODUCTION 
Earthquake is the measurable vibration of the 

Earth's crust which is caused by abrupt transient 

movement along faults [1]. An earthquake is caused by 

a sudden slip on a fault. The tectonic plates are always 

slowly moving, but they get stuck at their edges due to 

friction. When the stress on the edge overcomes the 

friction, there is an earthquake that releases energy in 

waves that travel through the earth`s crust and cause the 

shaking that we feel. It is one of the deadliest natural 

disasters that affects the human environment [2]. Even a 

moderate earthquake can cause a very large number of 

deaths [3].  

 

Induced seismicity refers to typically 

minor earthquakes and tremors that are caused by 

human activity that alters the stresses and strains on the 

Earth's crust. While these quakes, now called induced 

seismicity, are mostly minor, in many cases they turn 

out to have a considerable damage and/or intensify or 

provoke naturally occurring earthquakes by advancing 

the natural timeline. Researchers from the United 

States, the United Kingdom, and Switzerland, among 

others, have irrefutably established the connection [4].
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Fig-1: Bangladesh Earthquake Zones  

(Source: Banglapedia, 2015) 

 

This study is concerned with the events of 

induced earthquakes in Bangladesh. The adjoining areas 

and tectonic framework of Bangladesh tell that 

Bangladesh is located adjacent to the plate margins of 

India and Eurasia where, in the past, demolishing 

earthquakes have occurred [5]. Our country is 

encompassed by a number of tectonic blocks that have 

produced earthquakes in recent times [6]. But, the new 

Bangladeshi generation hasn’t found any destructive 

earthquake [7]. As a result, there is lack of awareness 

about the dangerous effects of earthquake among the 

Bangladeshi people [5]. As concerned, Bangladesh is a 

densely populated country, even a minor seismic 

activity can have a drastic impact affecting 

comparatively more people causing greater loss [8]. For 

instance, if a tremor is felt even in a small area causing 

damage to its streets, industries etc., many people will 

be affected, compared to that of a small city. Therefore, 

it is worth researching whether we are putting ourselves 

in danger by artificially introducing factors that can 

cause, intensify or advance seismicity. And if the 

connection is established, proper steps must be taken 

immediately to avert loss of lives as well as wealth.  

 

The probability of an earthquake from a given 

fault depends on the rate of motion and on the time 

since the last rupture. Active faults of regional scale 

capable of generating moderate to great earthquakes are 

present in and around Bangladesh. There is a 

connection between the events of earthquake and the 

human activities as evident from a number of researches 

conducted through last few decades [9]. Induced 

earthquakes have been linked with mining of gas, coal, 

and oil; waste disposal wells; groundwater extraction; 

artificial lakes; hydrocarbon extraction and storage; 

geothermal energy; hydraulic fracturing; and carbon 
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capture, and storage, the first few cases being well 

prevalent in Bangladesh. A statistical investigation is 

conducted in this study to find out the possible 

association between these human activities and the 

event of earthquakes in Bangladesh. The study aims to 

detect the most influential factors and mechanism 

leading to induced seismicity in Bangladesh. Also, the 

study attempts to find out the regions that are most 

vulnerable because of such activities using geographic 

information system (GIS). 

 

 
Fig-2: Fault Line through Bangladesh  

(Source: The Daily Mail, 22 July 2016) 

 

METHODS AND MATERIALS 
This study is totally based on secondary data. 

The target population of this study can be dealt with 

from multiple perspectives. Firstly, data concerning all 

earthquakes occurred in Bangladesh are needed i.e., 

earthquakes that had their epicenters in Bangladesh. 

Secondly, data about which regions in Bangladesh have 

mineral resources are sought. Then, data are needed on 

which mineral resources are available, and lastly, on 

from which regions mineral resources are actively 

produced and since when. The study area of this study 

is concerned with all Bangladeshi districts. Then, after 

getting the earthquakes and production data, the study 

deals with only those regions concerned with either of 

these data. The variables concerned are, number of 

earthquakes per year, type of earthquake, class of 

earthquakes, number of earthquakes per district, 

presence or absence of various mineral resources, 

production status of mineral resources, starting year of 

production of resources, and amount of production. The 

data sources can be summarized as follows: 

 
Table-1: Sources of Data 

Purpose Source 

Earthquake Data United States Geological Survey 

Earthquake Data Earthquake Track 

Web: www.earthquaketract.com 

Earthquake Data University of California, Berkeley 

Web: http://quake.geo.berkeley.edu/anss/catalog-search.html 

Production Data Petrobangla 

Web: www.petrobangla.org.bd 

Production Data Bapex 

Web: www.bapex.com.bd  

Production Data Banglapedia Bengali and English Version 

Production Data Sylhet Gas Fields Limited 

Web: sgfl.org.bd 

Production Data Bangladesh Geological Survey 

Web: bsb.gov.bd 

 

This study incorporates geographic 

information system (GIS) which is designed to analyze 

and present geographic data [10]. Bivariate analysis is 

conducted to determine whether a statistical association 

exists between two interested variables which provides 

the nature, direction and strength of that relationship 

[11]. Bivariate analysis can be performed through a 

number of ways depending on the nature of available 
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data. This study performs t-test to test the relevant 

hypothesis as a means of bivariate analysis. Regression 

analysis, a very common form of statistical analysis 

approach, is used as the main analytical tool [12]. This 

analysis is concerned with the relationship between a 

dependent variable and one or more independent 

variables [13]. It helps one understand how the value of 

the response variable changes for any one of the 

independent variables is varied, keeping other 

independent variables constant [14]. There are several 

forms of regression analysis according to the type of 

data. This paper considers Poisson regression, which is 

a popular method used to predict a dependent variable 

which consists of ‘count data’ given one or more 

independent variables [15]. Poisson regression assumes 

the dependent variable Y follows Poisson distribution 

and the logarithm of the expected value of the response 

variable can be modeled by a linear combination of 

unknown parameters [16]. If   be the dependent 

variable and   be the vector of independent variables, 

then the Poisson regression takes the form as: 

          ))       , 

 

Where   is the intercept term and   be the 

vector of regression parameters [17]. To predict future 

values of a variable based on its previously observed 

values, time series forecasting model is used. This study 

considers advanced time series modeling approach in 

which various time series processes like autoregressive 

(AR) process, moving average (MA) process are used. 

These processes consider the lag values of the 

dependent variables and white noises for modeling 

purpose [18-20].  

 

RESULTS & DISCUSSIONS 
GIS techniques can be performed through R, 

exactly what is done in this geo-analysis part. From 

Figure-3, it is easy to find out the areas that experienced 

at least one earthquake, marked by the different colors. 

While the lime green color shows the districts with no 

earthquakes ever. It can be concluded that, most of the 

districst in Bangladesh have not experienced any 

earthquake as yet. Figure reveals that the Cox’s Bazar 

district encountered the maximum number of 

earthquakes [  ], followed by four districts including 

Sylhet and Chittagong. 

 

 
Fig-3: Bangladesh Map showing the frequencies of earthquakes in each district 

 

The line chart (Figure-4) says that the 

earthquakes were less frequent before 1970s. However, 

after 1970s, the number of earthquakes dramatically 

increased continuing up to present time. Earthquakes in 

Bangladesh started in the year 1918, which saw one 

quake. The next quake occurred in five years later 

(1923). But it took more than 30 years for the next 

earthquake to occur. Up to 1963, there were, in total, six 
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earthquakes. The 1979 was the first to see more than 

two quakes. After that, it became to have more than one 

earthquake in a single calendar year. For example, there 

were three earthquakes in 1988, two in the next years, 

five in 1991, four in 1992 etc. The line chart also says 

that the frequency of earthquakes in recent years is also 

more than three. This study is intrigued to analyze the 

pattern of magnitude of earthquakes before and after 

1963, a year shortly before which (in 1961), production 

of mineral resources began. 

  

 
Fig-4: Frequency of Major earthquakes in Bangladesh (1918-2016) 

 

A quick look on Table-2 reveals the fact that 

the earthquakes that occurred before or in 1953 were of 

relatively greater magnitude, each of which were no 

less than 5.5 magnitudes. However, the earthquakes that 

occurred after the year 1963 were all below 5.5 except 

one (in 2003). This clearly indicates that production of 

mineral resources contributed to the relatively minor 

quakes which were at the same time much more 

frequent. The earthquake occurred in 2003 can be 

considered to probably have happened due to natural 

causes. But, we can attribute others to the production 

process.

 
Table-2: List of earthquakes in Bangladesh along with occurring year 

Year Magnitude Year Magnitude Year Magnitude Year Magnitude 

2016 4.4 2008 4.2 2001 3.8 1990 3.8 

2016 4.7 2008 3.8 2001 4.3 1990 4 

2015 4 2007 5.5 2001 4.1 1989 5.8 

2015 4.2 2007 3.5 2000 4.7 1989 4.1 

2015 4.6 2007 4.8 1999 5.2 1988 4.6 

2014 4.2 2006 4.2 1998 4 1988 4.5 

2014 4.3 2006 4.9 1997 4.8 1988 5.9 

2014 4.2 2006 3.6 1997 4.1 1986 4.7 

2013 4.1 2005 4 1996 3.8 1984 4.4 

2012 4.2 2005 4.2 1996 4.2 1982 4.6 

2012 4.2 2005 4.6 1996 3.9 1982 4.2 

2012 4.5 2005 4.4 1996 4.1 1982 4.7 

2011 4.2 2005 4.3 1996 4.7 1981 4.2 

2011 4.4 2004 4.3 1995 4.1 1980 4.6 

2011 4.7 2003 4.2 1995 4.3 1979 4.8 

2011 4.1 2003 4.3 1995 3.8 1979 4.9 

2010 5.1 2003 4.3 1992 4.1 1974 5 

2009 4.9 2003 5.7 1992 5.3 1963 5.6 

2009 4.6 2002 3.9 1992 4.5 1955 6.2 

2009 4.1 2002 4.9 1992 4.2 1956 5.5 

2008 4.1 2002 4.5 1991 4.6 1959 5.7 

2008 4.2 2002 4.5 1991 4.7 1923 6.8 

2008 4.5 2002 4.1 1991 4.7 1918 7.2 

2008 4.7 2001 4.5 1991 4.7   

2008 4.8 2001 3.5 1991 4   

The foregoing result can also be derived by employing a t-test of comparing means. The hypothesis to be tested 

here is 
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Where μ1 and μ2 are the means of earthquake magnitude before and after 1961, respectively 

Welch Two Sample t-test 

t = -6.0401, df = 5.2856, p-value = 0.001474 

Alternative hypothesis: true difference in means is not equal to 0 

95 percent confidence interval: 

 -2.484889 -1.018010 

sample estimates: 

mean of x mean of y  

 4.415217 6.166667 

 

Since the p-value is smaller than 0.01, the null 

hypothesis may be rejected at 1% significance level 

giving enough evidence to claim that the mean 

magnitudes of earthquakes before and after 1961 are not 

equal. Usually the naturally occurring earthquakes have 

higher magnitudes than those resulting from artificial 

reasons. Hence, the significant difference in the 

magnitude indicates that the production process 

contributed to seismic activities.  

The Figure-5 clearly shows that in most of the 

districts the number of earthquakes after the start of 

mineral production is more than before the start of 

mineral production except for the district Khagrachari. 

This may be an effect of the mineral production in 

Chittagong. So, it can be said that there may be an 

effect of mineral production on the event of earthquake.

  

 
Fig-5: District wise earthquakes before and after the start of mineral production 

 

The number of earthquakes in different 

districts of Bangladesh having gas, coal, and oil is being 

modeled through Poisson regression model and the 

obtained results are shown in Table-3. The result shows 

that presence of gas and oil is significantly related to the 

number of earthquake occurrence while presence of 

coal is not. The expected number of earthquakes in the 

districts where gas is available is 4.517 times the 

districts where gas is not available, when no other 

mineral is available. This result is significant at 1% 

significance level with p-value less than 0.001. 

Presence of oil is also significant (p-value 0.060) in the 

model at 10% level of significance. The expected 

number of earthquakes is 3.689 times higher in the 

districts where oil is available compared to the districts 

where oil is not available, when there is no other 

mineral available. 

 

Table-3: Poisson regression model estimates of the selected 

covariates along with standard error (SE) and p-value for 

number of earthquakes concerned with the presence of 

minerals 

Covariates Coefficient SE p-value 

Gas    

Available 4.517 0.978 <0.001 

Unavailable - - - 

Oil    

Available 3.689 2.556 0.060 

Unavailable - - - 

Coal    

Available 0.625 0.372 0.431 

Unavailable - - - 

Constant 0.959 0.139 0.775 

 

 

 



 
Mohammad Ahsan Uddin; Saudi J Eng Technol, Dec, 2020; 5(12): 501-508 

© 2020 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates  507 
 

Table-4 is showing the Poisson regression 

estimates to number of earthquakes in the districts 

where gas, oil, and coal production is running. Similar 

to the previous result, the districts where coal 

production is running have no significant association 

with earthquake occurrence. The districts where gas 

production is running are significantly experiencing 

earthquakes at 5% level of significance with p-value 

0.017. The expected number of earthquakes in these 

districts is 1.747 times the districts where gas 

production is not running, ensuring no other mineral 

production is running. Again, in the districts where oil 

production is running have significantly (p-value 

<0.001) 4.615 times more expected number of 

earthquakes than that of the districts where oil 

production is not running, ensuring no other mineral 

production is running. 

 

 

 

 

 

 

 

Table-4: Poisson regression model estimates of the selected 

covariates along with standard error (SE) and p-value for 

number of earthquakes concerned with the running of 

mineral production 

Covariates Coefficient SE p-value 

Gas production    

 Available 1.747 0.408 0.017 

 Unavailable - - - 

Oil production    

 Available 4.615 1.717 <0.001 

 Unavailable - - - 

Coal production    

 Available 0.806 0.812 0.831 

 Unavailable - - - 

Constant 1.240 0.157 0.090 

 

Table-5 is depicting how the amount of gas 

production is related to number of earthquakes. The 

amount of daily gas production is insignificant in the 

model. But, if the amount of total gas production 

increases 1 bcf (billion per cubic feet), expected number 

of earthquakes is significantly 1.001 times the previous 

number of earthquakes having p-value 0.010, holding 

the amount of daily production constant. 

Table-5: Poisson regression model estimates of the selected covariates along with standard error (SE) and p-value 

for number of earthquakes concerned with amount of gas production 

Covariates Coefficient SE p-value 

Daily gas production 0.997 0.001 0.172 

Total gas production 1.001 <0.001 0.010 

Constant 1.434 0.154 0.001 

 
The GIS technique detects the districts which 

have had at least one earthquake and finds most of the 

districst in Bangladesh having no earhtquake yet. The 

Cox’s Bazar district have experienced the highest 

number of earthquakes [21], and its nearby districts 

along with Sylhet district have faced at least seven or 

more earthquakes. Three Poisson regression models, 

along with bivariate analysis, are employed in this study 

to assess the occurrence of earthquakes in relation with 

having minerals in Bangladesh. The results give 

evidence that the presence of minerals is vulnerable to 

earthquake and production of minerals increases the 

vulnerability. The presence of gas and oil in the related 

districts significantly increases the expected number of 

earthquakes. This result is similar to some previous 

works on earthquakes [21-23]. Keeping similarity with 

this result, the districts where gas and oil production are 

running also experience significantly more frequency of 

earthquakes compared to that of other districts which is 

relevant to previous research findings [24]. It is also 

found from the analysis that the more amount of gas the 

districts have, the higher the expected number of 

earthquakes is in that districts. However, neither 

presence of coil nor running of coal production has any 

significant effect on earthquake occurrence.  

 

CONCLUSION 

The obtained analysis results conclude that 

induced seismicity is prevalent in Bangladesh. That is, 

earthquakes are caused by human-induced factors, the 

production of gas having the staunchest impact. The 

production of oil also has a significant impact on the 

event of earthquakes. Although, globally a number of 

factors (like injection of waste water, production of oil, 

production of hydro-carbon, artificial lakes, hydraulic 

fracturing, etc.) result in induced seismicity, from the 

perspective of Bangladesh, the gas and oil production 

turned out to be the only factors inducing earthquakes. 

The absence of other factors resulted from the fact that, 

although there are many other mineral resources in 

Bangladesh, none except gas is currently being actively 

produced. A thorough analysis should be conducted on 

the physical aspects of the association between the 

production of mineral resources and the event of 

seismicity. The research will help determine the policy 

concerning the production of resources. In light of the 

previous discussion, it is recommended to take 

necessary steps in the districts of Bangladesh where 

minerals are available to lessen the hazads of 

seismicity.  
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