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In the American continent, the movement of tectonic plates causes seismic activity that 

generates earthquakes. Some countries of America are located on the western fringe of 

the Pacific Ring of Fire, which involves several tectonic plates, such as Nazca, Cocos, and 

North American, among others. This study aims to analyse the scientific production of 

Earthquakes in America (EiA) using Web of Science and Scopus databases, to understand 

the origin (first publications in the area), intellectual structure (bibliometric maps), and 

research trends (topics for future works). The methodology was based on: (i) criteria for 

database selection (reasons for selecting Scopus and Web of Science), (ii) data processing 

(merging databases, deleting duplicates or erroneous documents, and the selection of 

bibliometric software), and (iii) analysis of intellectual structure (performance of 

scientific publications using bibliometric maps). The EiA has greatly impacted academia 

since its first publication in 1861, analysing 6553 scientific publications from the western 

part of the Pacific Ring of Fire. It includes the most representative subduction zones in 

the world, with major records in the last nine years, having contributions mainly from 

Mexico, France, Guatemala, and Chile. Finally, the trend topics aligned to EiA are ground 

motion models, seismic hazards, and induced seismicity. 
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1. INTRODUCTION

The Earth's rotational dynamics influence the distribution of 

heterogeneities within the Earth [1]. Consequently, limitations 

on mantle temperatures and modelling of seismic data allow a 

better understanding of the Earth's dynamics [2, 3]. Seismicity 

can also be induced by anthropogenic activities, such as 

industrial activities, increasing the seismicity, intensity, and 

number of tectonic earthquakes [4], As well as reservoir 

impoundment, subsurface-surface mining, injection of fluids 

into subway formations, extraction of fluids and gas from the 

subsurface [5]. 

In seismology, several methodologies, such as the 

stochastic method, allow the simulation of the expected 

ground motions for a series of earthquakes with a specific 

magnitude and distance from the epicentre [6]. Also, the 

simplified procedural method evaluated the liquefaction 

resistance of soils. This method was developed after the 1964 

earthquakes in Alaska and Japan [7]. Finally, the methods: 

limit analysis, Finite Element Method pushover analysis 

(FEM), and Nonlinear Dynamic Analysis (NDA) predicted 

most of the observed damage and collapse for a similar seismic 

effect caused by a real earthquake [8, 9]. 

North America (California) has had five earthquakes 

associated with its long San Andreas fault system [10]. One of 

these is the April 18, 1906 earthquake of Mw=7.8, with a 

hypocenter in an SW-NE trending zone crossing the Offshore 

San Andreas fault system west of San Francisco [11, 12]. The 

focus of this earthquake is associated with a right extensional 

step in the San Andreas fault system, a zone of ocean bed 

subsidence and complex normal and slip faults [13, 14], 

causing a moderate tsunami that resulted in a 10cm drop in sea 

level, many deaths and damage [15, 16]. 

In Central America, dehydration of the subducting oceanic 

crust and upper mantle promotes partial melting, leading to arc 

magmatism and inducing earthquakes in this trench zone [17, 

18]. Consequently, since 1900, 17000 people have died from 

earthquakes on the volcanic front [19]. El Salvador has 

suffered 11 destructive earthquakes during the last 100 years, 

causing more than 3000 deaths [20]. Mexico has a history of 

42 earthquakes with a magnitude greater than seven this 

century, associated with the subduction zone [21]. In the 

convergence zone between the Cocos and Caribbean plates, 

the Haiti earthquake occurred on January 12, 2010, with an 
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Mw=7.0 on the Enriquillo fault that slipped an average of 8 

mm/year and caused 230 000 human losses [22]. 

In South America, between latitude 0° and 45°S, the spatial 

distribution of earthquake hypocenters is explained by the 

simple model of a descending Nazca oceanic plate beneath a 

South American continental plate [23]. The convergent margin 

of the Northern Andes is a region of intense cortical 

deformation where large subduction earthquakes have 

occurred [24]. The largest instrumentally recorded earthquake 

in the world occurred on May 22, 1960, in Valdivia in southern 

Chile [25], with a magnitude Mw=9.5 [26, 27]. An earthquake 

occurred in Ecuador on April 16, 2016, with a magnitude of 

Mw=7.8, that ruptured the subduction zone boundary between 

the Nazca and South American plates, registering 673 fatalities 

[28, 29]. Table 1 summarises the major catastrophic 

earthquakes in the Americas. 

Figure 1 shows the tectonic plate boundary in the American 

continent and the most representative earthquakes. 

Earthquakes in America (EiA) is a topic of great importance 

worldwide. Therefore, this work provides more information 

from a bibliometric approach for the knowledge of the causes 

and effects of earthquakes. The research question is: What are 

the main results, methodologies, and effects of the EiA 

obtained from the analysis of scientific publications? 

The objective is to analyse the scientific publications of EiA 

of tectonic origin using WoS and Scopus databases and 

bibliometric analysis to assess the origin, evolution and 

research trends of this topic. 

 

 
 

Figure 1. Spatial representation of catastrophic earthquakes 

in America and tectonic plates on the west coast of the 

pacific ring of fire 
 

Table 1. Catastrophic earthquakes occurred on the west coast of the pacific ring of fire 
 

Region Country/date Consequences Geological Reason Sources 

North 

America 

Northridge, 

USA 

Mw=6.7 

17/01/1994 

More than 29 deaths, 7,000 injured, and 

major financial losses. 

By historical geologic faults in the San Fernando Valley and 

conjugate reverse fault system. 
[30, 31] 

Pacific Coast, 

Mexico 

Mw=8.1 

19/09/1985 

Catastrophic damage to the northwest of 

the city and record of seismic 

movements. 

Subduction of the Cocos plate beneath Mexico. [32, 33] 

Central 

America 

Estrella Valley, 

Costa Rica 

Mw=7.7 

22/04/1991 

It caused 75 deaths, 560 injured and 

10,000 victims. 

Associated with the North Panama Deformed Belt, a complex 

of thrusts and folds that has accommodated the oroclinal 

deformation of Panama. 

[34, 35] 

Nicoya, El 

Salvador 

Mw=7.6 

13/01/2001 

It caused an earthquake aftershock, 1200 

deaths and 20% of the houses were 

damaged. 

Generated in the Benioff Wadati zones of the Cocos plate 

subducted with the Caribbean plate, coincident with 

Quaternary volcanoes. 

[20, 36] 

South 

America 

Valdivia, Chile 

Mw=9.5 

22/05/1960 

World's largest instrumentally recorded 

earthquake. 
Rupture zone near the subduction edge of the Nazca plate. [26, 37] 

Arequipa, Peru 

Mw=8.4 

23/06/2001 

It generated 450 earthquake aftershocks, 

102 deaths and soil liquefaction. 

Earthquake in the coupled zone of the Nazca plate subduction 

along the SE of the Nazca Ridge. 
[38, 39] 

Note: Mw: Moment magnitude of earthquakes. 
 

 

2. MATERIALS AND METHODS 
 

Bibliometrics is a method widely used to explore and treat 

large volumes of data [40], analysing the growth of a field of 

knowledge and its emerging areas [41]. This methodology is 

considered a field of research implemented in the professional-

academic field because it generates a complete map of the 

intellectual structure of a subject [42]. The advantage of this 

methodology is that it comprehensively analyses a database 

regarding scientific production, evolution, trends, prominent 

authors, countries, institutions and journals [43]. Therefore, 

bibliometrics has been applied in several academic disciplines 

[44-46]. The methodology consisted of three phases: (i) 

criteria for database selection, (ii) data processing, and (iii) 

analysis of intellectual structure (see Figure 2). 

 
 

Figure 2. Methodological approach 
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2.1 Criteria for database selection 

 

Due to their reliability and quality, the Web of Science 

(WoS, launched by Clarivate Analytics, London, UK) and 

Scopus databases are the most widely used in bibliometric 

studies [47, 48]. In this study, these two databases were chosen 

because of i) coverage in academic disciplines, ii) accessibility 

and ease of data download, iii) existence of bibliometric 

studies with these databases, and iv) institutional access. Data 

was collected in June 2023 using descriptors related to the 

keyword Earthquakes, contained in the title, abstract and 

keywords, and Boolean logic functions (AND, OR), which 

allowed the search equation. Subsequently, the databases were 

combined to evaluate the evolution of studies regarding 

volume and impact [49]. The topic search equations for 

Scopus and WoS are included in Figure 2. 

As inclusion criteria, all types of documents, languages and 

subject areas were considered because it is a topic of 

international relevance and intended to know its trends and 

progress over time [50]. The exclusion criteria considered 

2023 as the current year, as well as "Volcanism" and "Volcanic 

Eruption*" since this study focuses on catastrophic 

earthquakes (Mw>6.9) produced in the western part of the 

Pacific Ring of Fire, the most representative subduction zones 

in the world, excluding earthquakes of volcanic origin. In 

addition, the economic, social and environmental impacts 

generated by these earthquakes in a given region were 

considered. 

 

2.2 Data processing 

 

This phase consisted of unifying the databases (Scopus and 

WoS) using the Bibliometrix package from the R software. 

These databases differ in download formats, scope terms, data 

volume and coverage policies [51]. Therefore, the databases 

were downloaded in BibTeX format for Scopus and plaintext 

for WoS for merging processing in RStudio, unifying the 

information from these two databases. These formats include 

bibliographic information, citations, abstract, keywords, and 

references. 

After, the merged database obtained was processed using 

Microsoft Excel to delete duplicate, incomplete or erroneous 

items. The criteria used was a filter by columns of the merged 

database document, considering the following columns: 

authors name, publication year, document type, and 

publication title. Finally, the software used during this phase 

is described below: 

 

(1) Microsoft Excel: Allows the analysis of the evolution 

of scientific production using the information on documents, 

languages, subject areas, and journals [52]. 

(2) RStudio 4.0.5: Open-source statistical software with 

an integrated development environment belonging to R [53, 

54]). It was used for merging databases (WoS and Scopus) 

through the Bibliometrix package. 

(3) Bibliometrix: Developed by Massimo Aria and 

Corrado Cuccurullo at the University of Naples Federico I in 

Italy [55]. This tool processes the information, encoding it in 

RStudio [56, 57]. Two functions from Bibliometrix were used: 

ŕeadfile  ́ to load and convert data to UTF-8 format and 

ćonver2df  ́ to extract and create a data frame for post-

processing in biblioshiny (the shiny app for Bibliometrix) to 

generate bibliometric networks like t́hematic Evolution 

graph  ́and t́rend topics map .́ 

(4) VOSviewer 1.6.19: Free software developed by the 

University of Leiden (Leiden, Netherlands). It allows the 

analysis of the intellectual structure of a topic through 

bibliometric maps [58, 59]. This software was used to create 

the bibliographic maps using the following steps: 

i) Choose the type of data: Ćreate a map based on 

bibliographic data .́ 

ii) Choose data source: Ŕead data from bibliographic 

database files .́ In this study was selected the WoS file. 

iii) Choose the type of analysis and counting method, where 

it can be selected the type of analysis (Co-authorship, Co-

occurrence, Citation, Bibliographic coupling, and Co-citation), 

a unit of analysis (Documents, Sources, Authors, 

Organisations, and Countries), and counting method (full 

counting and fractional counting). 

(5) ArcGIS Pro 10.8: It is a Geographic Information 

Systems (GIS) software developed by the Environmental 

Systems Research Institute (ESRI) [60], which represents the 

contributions of countries worldwide in terms of the number 

of publications and has been widely used in bibliometric 

studies [41, 61, 62]. 

 

2.3 Analysis of the intellectual structure 

 

This phase analysed the intellectual structure of EiA 

through bibliometric maps, using two techniques: 

performance analysis and science mapping [63]. Performance 

analysis studies the structure of scientific publications, 

including the year of publication, number of documents, 

citations, journals, countries, authors, and affiliations [64]. In 

contrast, science mapping graphically represents research 

fields and subfields, identifying their relationships between 

some variables employing VOSviewer [65]. In this study were 

performed the co-occurrence analysis by author keywords and 

the bibliographic coupling by countries. Subsequently, the 

Thematic Evolution graph and the trend topics analysis were 

performed using Bibliometrix software. The Thematic 

Evolution graph examines the evolution through periods of the 

field of study [66] and the trend topics relating to variables of 

the intellectual and conceptual structure of the subject. 

 

 

3. RESULTS 

 

3.1 Scientific production and thematic evolution 

 

Figure 3(a) shows the scientific production between 1861 

and 2022, resulting in 6553 documents. The figure shows 

exponential growth from 2001 to 2009. During 1861-1968, 

there were only ten documents per year, so this figure starts 

from 1969. Additionally, the strategic diagrams shown in 

Figure 3(b)-Figure 3(d) consist of four quadrants described 

below: 

Quadrant I: Motor Themes (upper right), topics with high 

density and centrality, with strong links to other topics in other 

quadrants. 

Quadrant II: Niche, developed or isolated Themes (upper 

left), contains high density and low centrality themes. 

Quadrant III: Emerging or declining Themes (lower left), 

including low-density and centrality themes. 

Quadrant IV: Basic or transversal Themes (lower right), low 

density and high centrality themes, focusing on general 

transversal questions to the different research areas. 

The circle size in these figures is proportional to each 
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theme's total frequency of terms (author's keywords). Each 

theme is labelled with the corresponding three most frequent 

keywords. 

Period I (1861-2000): The publications on EiA were 

reduced to only 1106 documents during these 131 years. It 

represented 16.87% of scientific production ver Figure 3(b). 

The terms identified as motor themes are: 'earthquake', 

'seismicity', and 'tectonic' since the first publication on EiA 

was in 1861. 

Period II (2001-2013): The publications on EiA increased 

during these 13 years, with 3410 documents representing 

52.03% of the total publications on EIA. In this period, 

"seismic tomography", "crustal structure", and "earthquake 

source observations" were distinguished as niche themes, 

which represent the most developed themes see Figure 3(c). 

Period III (2014-2022): There was a reduced contribution of 

publications on EiA during these last nine years, with 2037 

documents representing 31.08% of the total publications on 

EiA. It was identified that the 'motor themes' of previous 

periods became 'basic or transcendental themes' in the subject, 

which are related to future lines of research such as "seismic 

design" see Figure 3(d). 

 

 
 

Figure 3. Evolution of the scientific production: (a) 

publications during 1861-2022; (b-d) thematic maps about 

EIA 

3.2 Co-ocurrence by author ś keywords 

 

The co-occurrence analysis is a technique that allows an 

understanding of the relationship between the keywords that 

appear in a database of a field of study [61]. The process of 

this analysis is summarised in the steps described below: 

(1) VOSviewer was used to represent the network, 

extracting 2100 authors' keywords from the database using the 

full counting method. 

(2) VOSviewer thesaurus file: consists of a post-

processing of the 2100 keywords extracted by using this file 

that includes two columns, i) 'label' containing the database 

keywords and ii) 'replace by' that includes terms to unify 

synonyms, plural words, acronyms, and erroneous words that 

are excluded from the analysis. 

(3) Choose threshold: consist of selecting the minimum 

number of occurrences of a keyword. The threshold is based 

on the frequency by keyword. The recommended threshold is 

the appearance of at least five times. 

As a result, 48 keywords met the threshold; they were 

distributed in six clusters according to their relation, 

represented by 353 links or connections, as shown in Figure 4. 

The clusters represent an area of knowledge. Therefore, the 

number of clusters, the way they are grouped and their 

relevance were determined by considering the following 

factors i) the number of input keywords (in this case, 48), ii) 

the frequency of the keywords, which is reflected in the size 

of the circles of the bibliometric network; iii) the relationship 

of each term concerning another, which is measured by the 

links that are the coloured lines that connect each keyword and 

iv) the thickness of the links or total link strength, which 

represents the weight of the relationship between clusters, 

which is complemented by the distance between each node, 

with strongly related topics being those that are closer to each 

other. For example, Cluster I (red) and Cluster VI (light blue) 

are the most connected clusters in this bibliometric network, 

shown in Figure 4. 

The resulting six clusters are described below, highlighting 

the most representative terms and related topics. The name of 

each cluster was assigned according to the terms with the 

highest frequency (occurrence), linking and analyzing the 

topics addressed by the cluster. 

 

 
 

Figure 4. Co-ocurrence network by author ś keywords 
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Cluster I: 'Earthquakes and their infrastructure hazards' 

(red), where the most relevant term is 'earthquake', with 736 

occurrences being the second most representative cluster. The 

studies focus on evaluating the risk of earthquakes concerning 

structural damage using Geographic Information Systems 

(GIS) and Remote Sensing techniques. 

Cluster II: 'Geodynamics and wave propagation' (green), 

where the most relevant term is 'wave propagation' (148 

occurrences). Studies in this cluster focus on interplate 

tectonic processes, ground motion, and seismotectonic 

through statistical analysis and modelling. 

Cluster III: 'Faulting by plate tectonics activity' (blue), 

where the most relevant term is 'faulting' (182 occurrences). 

The studies focus on the movement of plate tectonics through 

structural geology, paleoseismology and neotectonics analyses. 

Cluster IV: 'Global Positioning System (GPS) on 

deformation mapping' (yellow), where the most relevant term 

is 'GPS' (81 occurrences). Research in this cluster is related to 

plate boundaries, bathymetric analysis, and glacial isostatic 

adjustment. 

Cluster V: 'Tsunamis and geological disasters' (violet), 

where the most relevant term is 'tsunami' (144 occurrences). 

The research evaluates geological disasters associated with 

tsunamis, such as landslides, slope stability, and subsidence, 

and studies with interferometry for seismic observations and 

sea level changes. 

Cluster VI: 'Seismic on subduction zones' (light blue), 

where the most relevant term is 'seismic' (744 occurrences), 

the cluster's most representative. The studies focus on 

microseismicity, the application of tomography in subduction 

zones with high seismicity and microseismicity. 

 

3.3 Countries contribution 

 

This analysis was performed in VOSviewer through the 

bibliometric network named 'bibliographic coupling by 

countries' and using a thesaurus file to remove wrong and 

duplicated countries' names. Additionally, the countries with 

at least one document on the EiA were the threshold, resulting 

in 97 countries. The spatial distribution and range of scientific 

publications are shown in Figure 5 using ArcGIS Pro. 

The most relevant countries considering the number of 

documents, links or connections between them and citations 

are the following: i) USA with 3377 documents, ii) Mexico 

with 715 documents, and iii) Canada with 626 documents. 

  

 
 

Figure 5. Worldwide contribution about EiA 

 

3.4 Research trends 

 

Figure 6 presents the analysis of research trends, including 

the frequency of the main terms that determined the evolution 

of EIA as a selected field of study. It was included as an 

analysis threshold that the keywords have a frequency greater 

than five and that they appeared at least three times per year. 

Two periods were analysed: i) 1861-2013 and ii) 2014-2022 

due to many terms and to perform an in-depth analysis of the 

development and trends on EiA. However, in 1861-2013 

Figure 6(a), the first record of keywords in scientific 

publications was observed in 1997. 

 

 
 

Figure 6. Trends topics about EiA, a) period 1861-2013, y b) 

period 2014-2022 

 

The longest study periods during the 1997-2013 period 

include the following topics: 'attenuation' (2004-2010), 

'ductility' (1997-2008) and 'seismicity' (2002-2008). In the 

second period, 2014-2022, the topics with the longest study 

time are: 'time-series analysis', 'subduction zone processes', 

and 'earthquake'. The most frequent keywords are 'earthquake' 

(528), 'tsunami' (114), 'seismicity' (111), 'seismic hazard' (97) 

and 'faulting '(88). With this analysis, future research trends 

were identified based on the most studied topics in the last 

three years: 'ground motion' (13), 'ground motion model' (9) 

and 'seismic hazard' (15). 

 

 

4. DISCUSSION 

 

The evolution of the intellectual structure of EiA has 

developed over 161 years, where the peak in this subject has 

been evident mainly since 2002, with the contribution of 

scientific publications in Scopus and WoS from 97 countries, 

mainly in the American and Asian continent. Of the 6553 

documents analyzed, 84.62% are scientific articles, 4.61% are 

conference papers, and the remaining correspond to other 

documents. 

The evolution in publications of EiA was analysed through 

three periods: Period I (1861-2000), Period II (2001-2013), 

and Period III (2014-2022). The first document registered in 

the database was in 1861, with the study of Murray [49] about 

an earthquake in Argentina. However, the minimum number 

of scientific documents about EiA was during 1861-1968 

because there were less than ten documents per year (16.87% 
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of the 6553 documents). Publications during 1861-2000 were 

mainly related to earthquakes, seismicity and tectonics, 

recognised as motor themes Figure 3(b). The most relevant 

publication, according to the number of cites, was the study by 

DeMets et al. [15], published in 1990, where 1122 structural 

data were analysed (277 spreading rates, 121 transform fault 

azimuths, and 724 earthquake slip vectors), distributed in the 

limits of 12 tectonic plates. 

During 2001-2013 there was an exponential growth in 

publications on EiA (52.03%). The motor themes identified 

were earthquakes, seismic hazards and liquefaction Figure 

3(c). The increase in research during this period was related to 

the effects of climate change, the high frequency of 

catastrophic earthquakes, the growing population, poverty 

zones and the lack of mitigation plans and methodologies to 

reduce or correctly evaluate the effects of these events. Finally, 

during the last period (2014-2022), the following topics were 

identified as basic or transversal themes: earthquake, seismic 

hazard, subduction, seismicity, and tsunami, which shows the 

coherence and development of this field of study. The 

emerging topics are also aligned with seismic design Figure 

3(d), related to the future research lines identified on the trend 

topics analysis (see Figure 6). 

Bibliometric studies about earthquakes are uncommon due 

to the large data to process; usually, the software capacities do 

not allow it. However, there is a study about earthquake 

research during 1900-2010 [67], using only the WoS database 

through 84,051 publications and searching keywords 

‘‘earthquake’’, ‘‘seismology’’, ‘‘seismic’’, and ‘‘quake’’. 

Therefore, this study focuses on catastrophic earthquakes in 

America in a way to analyse the emerging research areas 

deeply, the evolution of EiA and including two databases 

(WoS and Scopus) and bibliometric software (VOSviewer and 

Bibliometrix) for more coverage and identify the trend topics 

in this field. 

Topics such as ground motion model, ground motion, 

seismic hazard, and seismic risk were identified as future 

research areas through the analysis of trend topics. It is closely 

related to the co-occurrence analysis by the author's keywords, 

where the most representative topics are: earthquakes, seismic, 

subduction zone, tsunami, and geodynamics. 

 

 

5. CONCLUSIONS 

 

This study focused on diagnosing scientific publications on 

catastrophic earthquakes in the American continent because of 

the high frequency of earthquakes due to its location on the 

western flank of the Pacific Ring of Fire, a subduction zone 

characterised by its active tectonism, which has generated 

human losses, structural damage and a strong psychosocial 

impact on those affected by earthquakes. Therefore, this study 

can be replicated in future global or regional studies since 

knowing the nature of the earthquakes, poverty, growing 

population, inadequate territorial planning, and seismic-

resistant infrastructures. Consequently, decision-makers can 

propose mitigation plans for the impacts caused by 

earthquakes, applying methodologies validated by the 

scientific community, such as ground motion models, induced 

seismicity, and seismic hazard. 

The scientific production on EiA in the period 1861-2022 

was analysed, with 6553 documents, using the science 

mapping technique with four bibliometric networks described 

below: 

(1) Thematic evolution: It determined that the origin of 

EiA research was in 1861, and its development was evaluated 

in three periods: i) 1861-2000 (constant), ii) 2001-2013 

(increasing), and iii) 2014-2022 (driving theme, reduction in 

scientific production) (Figure 3). 

(2) Co-occurrence by author ś keywords: The 

intellectual structure on EiA was recognised based on the 

processing of 2100 keywords, represented by 48 nodes and six 

clusters oriented to structural risks, geodynamics, faulting, 

deformation mapping, tsunamis, and seismicity (Figure 4). 

(3) Bibliographic coupling by countries: It was used for 

the spatial representation of the 97 countries that contributed 

to the scientific production of EiA on the western flank of the 

Pacific Ring of Fire (Figure 5). 

(4) Trend topics: It allowed the recognition of future 

research topics oriented to ground motion models and seismic 

risk (Figure 6). 

Scientific publications on EiA have developed 

progressively during the analysis period (1861-2022). 

Between 1861 and 1999, scientific production was scarce. 

Since 2000, apogee began, led by the USA, Canada, and China, 

with collaborations from countries in the central-southern part 

of the American continent. Since 2014, the topic of 

earthquakes has become a driving force of great importance. 

In the last nine years (2014-2022), collaborations from the 

following countries stood out: Mexico, France, Guatemala, 

and Chile. 

The limitations of this study include: i) the exclusion of 

earthquakes originating from volcanic activity and ii) the 

delimitation of publications on earthquakes from the western 

limit of the American continent since there would not be a 

global analysis of each continent for a better understanding of 

the origin and consequences of earthquakes worldwide. 

However, this study represents a baseline for future research; 

for example, worldwide earthquakes analysis including all 

magnitudes and effects, showing the connections among 

geography, plate tectonic activity, vulcanism, growing 

population, climate change and poverty as predictors for 

mitigation plans for these kinds of phenomena. 
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