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Abstract 

Natural disaster events such as tropical storms and earthquakes have gained widespread attention 

from the general public. While pictures provided by the media may tell a convincing story, data, 

statistics, and maps provide the foundation for a more empirical approach to trend analysis. This 

web GIS application provides users the ability to explore earthquake and tropical storm events 

over the last 30 years and analyze trends in frequency and intensity of the events. The web 

application consists of time-enabled maps and charts displaying global statistics in earthquake 

and tropical storm frequency and intensity over the last 30 years. It is designed for members of 

the general public who have a working knowledge of earthquake and hurricane science and an 

interest in exploring whether there or not there are increasing trends in severe earthquake and 

tropical storm events.  
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Chapter 1  Introduction  

Images of catastrophic earthquakes and tropical storms across the globe have gained widespread 

attention in the media. Mass media plays a pervasive role in captivating the audience by means 

of a panic stimulus (Korstanje 2010). Mass media sensationalism is routinely seen during 

disastrous events and is a type of journalistic bias in which events are over-hyped to increase 

audience readership (Walters 2016). Terrifying pictures and dramatic headlines encourage shock 

value within the general public who may be far removed from horror of the events as the 8.2 

earthquake in Mexico during 2017 (Figure 1). But while images raise our awareness of the 

struggles many across the world are facing, they also can imply that the disasters are growing 

larger, more intense, and more devastating every year.  

 

 

 

Figure 1. Dramatic devastation from 2017 Mexico 8.2 earthquake 
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Conclusions about precise trends cannot be drawn from images such as the line up of 

three category 4 cyclones (hurricanes) in the Pacific Basin in 2015 (Figure 2). Catastrophic 

events can be tracked using data science, such as quantitatively measuring the number of events, 

size of events (with agreed upon measuring scales), and impact of said events. Organizing event 

data into geospatial databases facilitates visualizing the numbers behind the events in an 

accessible format, e.g, a web GIS application. A GIS application allows viewers to perform 

analysis in an online environment and draw their own conclusions as to whether events such as 

hurricanes and earthquakes have increased in size and frequency over the last thirty years. 

1.1. Motivation  

Extreme storm and earthquake events worldwide have gained attention from the general 

public due to media reports showing the massive death and economic tolls over the years 

(Korstanje 2010). Even last century there were powerful earthquakes in the news such as the 

Figure 2. Cyclones Kilo, Ignacio and Jimena moving simultaneously across the 

Pacific in 2015 



3 

 

1906 San Francisco 7.9 magnitude quake. The general public who did not experience the event 

may have had trouble processing the hundreds of black and white images published in 

newspapers and books such as the image of total devastation featured in Arnold Gentheôs ñ...As I 

Rememberò publication (Genthe 1936) of a series of photographs he took in the immediate 

aftermath of the earthquake in 1906 (Figure 3). Most people rarely are aware of the actual trends 

in earthquakes and tropical storms beyond the apocalyptic images they see.  

There are numerous theories perpetuated by media reports, YouTube alarmists, and 

conspiracy theorists that natural disasters such as earthquakes and tropical storms are growing 

more intense and increasing in frequency. Conspiracy theories allow people to vent their 

frustrations at their feelings of powerlessness, but they also provide a mixture of anxiety and 

comfort in conceiving how power works (Sturken 2001). A cursory search on YouTube reveals 

several channels dedicated to Earth inhabitants of doom. YouTube channels dedicated to ñEnd of 

the Worldò such as Jason A carry over one million subscribers and hosts videos viewed a 

Figure 3. Total devastation in the 1906 San Francisco ~7.9 earthquake 
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staggering two million times (Jason 2019). Directed imagery searches result in powerful images 

that range from the artistic then-and-now blends of the ~7.9 San Francisco 1906 earthquake 

(Figure 4) to the 2016; 7.0 Earthquake in Japan with disintegrating highways (Figure 5). The 

general public has few options to understand whether such events are continuing as they always 

have, or if there is an actual upwards trend in frequency and intensity. With few ways to interact 

with data in a user-friendly format, the general public is unable to determine trends for 

themselves.  

Figure 4. Photographer Shawn Cloverôs ñFade to 1906ò image blend 

showing then and now images of the 1906 San Francisco ~7.9 earthquake 
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The website created for this thesis and the analytic tools it contains allow users to 

investigate trends in large earthquakes and tropical storms, namely whether they have increased 

in frequency and intensity in the last thirty years. Users do this by interacting with online maps 

and charting widgets. The time sliders on the maps allow the user to determine spatial patterns in 

events over time. The charting widgets have user controls that enable the user to zoom in to time 

frames, looking for increasing or decreasing trends in frequency of the events over time. Users 

can draw their own conclusions driven by data and spatial science rather than media alarmism 

and dramatic images.  

1.2. Development Overview 

The project included several stages: data acquisition, curation, and display; map 

development; and finally, web application development. It utilized earthquake and tropical storm 

data sets from authoritative federal archives maintained in large data bases and freely available 

for download to the public. It is important to note that while in federal hurricane databases the 

terms tropical cyclone or tropical storm are often used interchangeably and include what are also 

Figure 5. Road damage from the 2016 Japanese 7.0 earthquake 
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known as hurricanes and typhoons. All  are the same weather phenomenon, but hurricanes 

originate in the North Atlantic, central North Pacific and eastern North Pacific. Typhoons 

originate in the western North Pacific. The generic term ñtropical cycloneò is often used to refer 

to a ñrotating, organized system of clouds and thunderstorms that originates over tropical or 

subtropical waters and has closed, low-level circulationò (NOAA - National Ocean Service 

2019). Once downloaded from federal archives, all datasets were curated to display category, 

strength, and data/time fields in a way that the web application could easily interact with and 

present to the user in easily understood categories The datasets were reduced to the essential 

information through multiple attribute queries, enabling optimized web map services (also called 

map services throughout this thesis) designed to cycle large data sets through web interfaces. 

The web maps were symbolized map services that were temporally accurate and 

optimized to display at several different scales and various thematic views in order to speed the 

interaction time between server and user. They were grouped by theme to enable several 

different views of natural disaster maps. They were shared with the public through the University 

of Southern California (USC) Spatial Science Institute (SSI) ArcGIS Portal, enabling broad 

access to the individual components feeding the web application. At the time of writing, the 

website was currently available at 

https://uscssi.maps.arcgis.com/apps/MapSeries/index.html?appid=c5294847fe2841f2972bf3468

4c06d9c. 

The website has a User Interface (UI) designed to enhance User Experience (UX). It 

consists of several time-enabled maps and charts displaying large data sets, curated to enable 

web streaming, and showing frequency and intensity of the natural disaster events from the last 

30 years. The intended audience was interested members of the general public who have a basic 
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knowledge of earthquake and hurricane science but who are unable to acquire, curate, query, 

analyze and present the data in an easily accessible web GIS format for themselves. 

1.3. Thesis Organization 

This thesis is divided into six chapters along with lists of tables, figures, abbreviations 

and references. The first of the six chapters is the introduction, which contains motivating factors 

and a summary of the application design and subsequent process for data 

acquisition/curation/display, web map and web application development. The second chapter 

discusses related work broken into several categories: earthquake and tropical storm web maps, 

earthquakes and tropical storms as natural disasters, web application user interface and user 

experience, and web map services. The third chapter outlines the thesis requirements including 

the application purpose, the user requirements, and the development choices. The fourth chapter 

examines the development of the application including the data sources and the three main 

application development phases: data, map services, and web interface. The fifth chapter reviews 

the results of the application. The sixth chapter reviews the outcome of an application assessment 

and user feedback through a survey of the web mapping application. The seventh chapter draws 

conclusions on the success of the application, the limitations, and potential for further 

development. 
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Chapter 2 Related Work 

This chapter presents a literature review of this Tracking Trends in Earthquakes and Tropical 

Storms Web GIS Application. There are numerous peer-reviewed articles and reports discussing 

web maps, natural disaster data, user experience and web services. The chapter is divided into 

four sections. Section 2.1 discusses web maps. Section 2.2 discusses earthquakes and tropical 

storms as natural disaster data. Section 2.3 discusses the web application user interface and user 

experience. Section 2.4 is an overview of web map services. 

2.1. Earthquake and Tropical Storm Web Maps 

The primary sources for data on earthquakes and tropical storms are the US government 

offices of the United States Geological Survey (USGS), National Oceanic and Atmospheric 

Administration (NOAA), and the National Weather Service (NWS). The NWS has a division 

focused entirely on predicting, analyzing, and warning the general public about hurricane activity 

that affects the United States (and its territories) called the National Hurricane Center (NHC Data 

in GIS Format n.d.). These organizations offer a plethora of data to download for use by the 

general public and academia.  
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While both these government offices are world-renowned for maintaining robust and 

authoritative datasets on historic events, they are limited in the visualization and analytic tool 

options they provide. The USGS has a basic browser map application that allows the user to 

view earthquake events based on user-driven queries (USGS n.d.), but does not have time-

enabled data streams or time-slider widgets available (Figure 6). USGSô strength lies in its 

capacity to provide large data downloads in multiple formats relying on others to analyze the 

data and program custom visualization applications with enhanced UI/UX. The UI does not 

allow for the user to adjust symbology for custom visualization needs nor is there any analytic, 

graphing, or charting capacity. There are also limited export options for the mapping application 

interface other than the user taking a screen shot of the map.  

Figure 6. USGS Earthquake basic browser map application with minimal toolsets enabled 
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The NHC has an even more rudimentary web map embedded in their home page (NHC 

n.d.). Its UI (Figure 7) is tailored to inform the viewer about current and predicted storms but 

does not allow for loading custom queries from their archived datasets, nor does it have even 

some of the basic mapping application tools that USGS has such as zoom-to-locations, zoom 

in/out, scalebar, or legend. Much of what appears to be map applications on the NHC site are 

merely embedded pdf thumbnails that, when clicked, launch a separate document discussing the 

event rather than an actual web mapping application with a UI. 

Figure 7. NHC rudimentary embedded web map with minimal interactive mapping tools 
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There are other earthquake and tropical storm-themed web maps and databases available. 

The differences primarily revolve around the goals of the applications: some are simply 

informative rather than interactive in nature, driving toward better understanding of trends as the 

multimedia video embedded in a news article displayed (Figure 8) (Kuzoian, Animated map 

2016). While it appears to be a map, it is merely a video that does not allow the user to interact 

with the data or control the map. While it is useful for showing where earthquakes have occurred 

at what time, there is no way to click on each event and further investigate the data. Some are 

predictive, showing how future events could impact populations enabling mitigation efforts. 

Others focus on assembling a variety of resources to alleviate humanitarian crises (Quakes Live 

Earthquakes Map n.d.).  

Figure 8. Screenshot of a multimedia video that shows EQs >8.0 Mag since 1900 


















































































































