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Abstract

Natural disasteeventssuch agropicalstormsand earthquakes hagainedwidespread attention
from the general public. While pictur@sovided by the medimaytell aconvincingstory, data,
statistics and mapgprovidethefoundation fora more empirical approach ti@nd analysisThis
web GIS applicatioprovidesusersthe abilityto exploreearthquake and tropical storm events
overthe last 30 years and analyze trends in frequency and intensityenfethis The web
applicationconsiss of time-enabled maps and charts displaying global statistics in earthquake
andtropicalstormfrequency and intensitgverthe last 30 yearst is designed for members of
the general public who have a working knowledge of earthquake and hurricane sciemce and
interest in exploringvhether there or not there anereasing trends in severe earthquake and

tropical storm events

Xi



Chapter 1 Introduction

Images otcatastrophiearthquakes and tropical storaxgoss the globe kiagainedwidespread
attention in the medidlass mediglays a pervasive role in captivating the audience by means
of apanicstimulus(Korstanje 2010Q)Mass mediaensationalisns routinelyseen during
disastrous eventnd isatype of journalisticbias in which events are ovhyped to increase
audienceeadershigfWalters 2016)Terrifying picturesand dramatic headlinemcouragehock
valuewithin the general public who may & removed from horror of the evemtsthe 8.2
earthquake in Mexico during 20{Figurel). But while images raise our awareness of the
struggles many across the woa facing, they alscanimply that the disasters are growing

larger, more intense, and more devastating every year

Figurel. Dramatic devastation from 20Mexico 8.2earthquake



Conclusionsaboutprecisetrendscannotbe drawn from imagesuch aghe line up of
three category 4 cyclonelsufricaneyin the Pacific Basin in 2015%-{gure2). Catastrophic
events can be tracked using data sciesweh agjuantitativelymeasuring the number of events,
size of event$with agreed upon measuring scaJemd impact ofaidevents. Organizingvent
data into geospatial databases facilitates visualizing the numbers behind the events in an
accessiblédormat, e.g,a web GIS applicatiorA GIS application allowviewers to perform
analysis in an online environment and draw tbain conclusions as tohethereventssuch as

hurricanes and earthquakesveincreagdin size and frequency over the last thirty years.

Figure2. CycloneKilo, Ignacio and Jimenmoving simultaneously across the
Pacific in 2015

1.1.Motivation
Extreme storm and earthquake events worldwide have gained attention from the general
public due to media repts showing the massive death and economic tolls over the years

(Korstanje 201Q)Even last century there were powerful earthquakes in the news such as the
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1906 San Francisco 7.9 magnitude quake. The general public who éixbeoience 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 Arnoéd Genthi . . . A's
Remember 6 publicati on (otGgraphs hecooki®tBe6mmediate a s er i
aftermath of the earthquake in 19@6gure3). Most people rarely are aware of the actual trends

in earthquakes and tropical storms beydraldpocalyptic images they see.

Figure3. Total devastation in the 1906 San Francisco ~7.9 earthquake
There are numerous theories perpetuated by media reports, YouTube alarmists, and
conspiracy theorists that natural disasgersh aearthquakes and tropical storaregrowing
more intense and increasing in frequer@yngiracy theories allow people to vent their
frustrations at their feelings of powerlessnésa theyalsoprovide a mixture of anxiety and
comfort in conceiving how power works (Sturken 20@Lrursory search on YouTube reveals
severalchannels dedicatad Earthinhabitantsof doom.You Tube channehdof dedi c

theWor | do such as Jason A candhostsvimeogviewedae mi |l | i o



staggering two million timeglason 2019Directed imagergearches result irogverful images
thatrange from thartisticthenandnow blendsof the ~7.9 San Francisco 1906 earthquake
(Figure4) to the 2016 7.0 Earthquake in Japwith disintegrating highwaydHgure5). The
general public has few optionsuaderstanavhether such events are continuing as they always
have, or if there is an a@lupwards trenth frequency and intensityVith few ways to interact
with data in a useiriendly format, thegeneral public is unable ttetermingrendsfor

themselves

Shawnelover.com

Figured. Phot ographer Shawn Cl ove
showing then and now images of 1806 San Francisco ~7.9 earthque



Figure5. Road damage from the 2016pdaese 7.0 earthquake

The websitecreated for thishesisand theanalytic toolst containsallow users to
investigate trends in large earthquakes taopical storms namelywhether they have increased
in frequency and intensity in the last thiytgars 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 timeThe charting widgets have user controls that enable the user to zootimia to
frames looking for increasing or decreasing trends in frequency of the events oveUsere.
candrawtheir own conclusions driven by datad spatiakcience rather than media alarmism

and dramatic images

1.2.DevelopmentOverview

The projecincludedseveral tages: data acquisition, curation, and display; map
developmentand finally,webapplicationdevelopmentlt utilized earthquake and tropicatorm
data sets fromauthoritativefederal archivesnaintained in large data bases and freely available
for downlbad to the publidt is important to notehatwhile in federal hurricane databasést

terms tropical cycloneor tropical stormare often usethterchangeably anieicludewhat are also
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known ashurricanes and typhoonall are the same weather phenomenmart hurricanes
originate in the North Atlanticentral North Pacific and eastern North Pacifigphoons
originate in thavestern North PacifcTh e gener i ¢ t er moftentusedigrefec al cy c
to afirotating, organized system of clouds dndnderstorms that originates over tropical or
subtropical waters and has closed,dewel circulatiom (NOAA - National Ocean Service
2019) Once downloaded from federal archivdsdatasetsverecurated to display categgr
strength, and data/time fields in a way that the web applicatioll easilyinteract with and
present to the user in easily understood categbhiedatasetaerereducedo the essential
informationthroughmultiple attribute queriesenabling optinzed webmapserviceqalso called
map services throughout this theslssigned to cycle large data sets through web interfaces.
The web mapsveresymbolizedmap services thateretemporally accuratand
optimized to display at several different scaled garious thematic views in order to speed the
interaction time between server and user. TWesegrouped by themt enableseveral
different views of natural disaster maps. Tinreshared with the public throughe University
of Southern CaliforniguSC) Spatial Science Institu{&S)) ArcGIS Portal, enabling broad
access to the individual components feeding the web applicatidime time of writing, the
website was currentlgvailableat
https://uscssi.maps.arcgis.com/apps/MapSeries/index.html?appid=c5294847fe2841f2972bf3468
4c06d9c
The websitdhasa User Interface (Uljlesigned to enhantéser Experience (UX)t
consiss of several timeenabled maps and charts displaylagedatasets,curated to enable
web streaming, anshowing frequency and intensity of the natural disaster events from the last

30 years. The intended audieneasinterested members of the general public who have a basic
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knowledge of earthquake and hurricane scidmtevhoareunable to acquire, curate, query,

analyze and present the data ireasily accessibleeb GIS format for themselves

1.3. Thesis Organization

This thesis is divided intsix chapters along with lists of tables, figures, abbreviations
and referenced he first of thesix chapters is the introduction, whicbntainsmotivating factors
and a summary of the applicatidasignand subsequeprocesdor data
acquisitioricuratioridisplay, web map and web application developniEme. second chapter
discusses related work broken into several categ@@thquake and tropical storm web maps
earthquakes and tropical storms as natural disastebsapplication user interfa@and user
experienceandweb map serviced he third chapteoutlines the thesis requirements including
the application purpose, the user requirements, and the development choédearth chapter
examines the development of the application inclutlegdata sources and the three main
application development phases: datapservices, and web interfacEhe fifth chapter reviews
the results of the applicatiomhe sixth chaptereviewsthe outcomeof an application assessment
and user feedbadkroudh a surveyf the web mapping applicatiolmhe seventichapterdraws
conclusions n the success of the application, the limitations, and potential for further

development.



Chapter 2 Related Work

This chapter presents a literature revi@whis TrackingTrends in Earthquakes and Tropical
Storms Web GIS Applicatiomhere are numeroyseerreviewed articles anaeports discussing
web maps, natural disaster data, user experience and web sdrvecebapter is divided into

four sectionsSection 2.1 discisesweb mapsSection 2.2liscussegarthquakes and tropical
storms as natural disastiata Section2.3discusses the web application user interface and user

experienceSection 2.4 is an overview afebmapservices.

2.1.Earthquake and Tropical Storm Web Maps

The primary sourcefor data on earthquakes amdpical stormsarethe US government
offices of theUnited States Geological Survdy$G9, National Oceanic and Atmospheric
Administration (NOAA) and theNational Weather Service (NWS). The NWS has a division
focused entirely on predicting, analyzing, and warning the general adaig¢hurricane activity
that affects the United States (and its territories) called the National Hurricane CitieData
in GIS Format n.d.)Theseorganization®ffer a plethora of data to dowradfor use by the

general public and academia.



While both these government offices are waddowredfor maintaining robust and
authoritative datasets on historic events, they are limited in the visualiaatiamalytictool
optionsthey provide The USGS has a basic browser map application that allows the user to
view earthquake events based on wharen queriegUSGS n.d.)but does not have time
enabled data streams or thsleder widgets availabl@-igure6). USGS6 strengt h |
capacity to provide large data downloads in multiple formats relying on others to analyze the
data and program custom visualization applicationk amthanced Ul/UXThe Uldoes not
allow for the user to adjust symbology for custom visualization needis thereany analytic,
graphing or charting capacity. There are also limited export options for the mapping application

interfaceother than the &s taking a screen shot of the map
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Figure6. USGS Earthquake basic browser map application with minimal toeisatded



The NHC has an even more rudimentagb mapembedded in their home pa@¢HC
n.d.). Its Ul (Figure7) is tailored tainform 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 mappigplication tools that USGS has such as ztoocations, zoom
in/out, scalebar, or legeniluch of what appeato be map applications on the NHC site
merelyembedded pdf thumbnails that, when clicked, launch a separate document discussing the

eventrather tharan actual web mapping applicatiaith a UL

Top News of the Day... view past news Last update Sun, 10 Mar 2019 01:30.59 UTC
© GOES-17 is now operational as GOES West

« National Hurricane Center updates National Storm Surge Hazard Maps- Hawaii, U.S. Virgin Islands and Hispaniola added
 Recent NHC Publication: Have we reached the limits of predictability for tropical cyclone track forecasting?

Atlantic

P——

Atlantic Graphical Marine Forecasts

| MIN

Gulf/of Mexico Southwest Atlantic

Tropical’Atlantic Full Basin

Eastern Pacific

Graphical Tropical Weather Outlooks | Active Storms | Marine Forecasts

Atlantic - Caribbean Sea - Gulf of Mexico
Tropical Weather Outlook Tropical Weather Discussion
Issuance will resume on June 1t of as necessary. 647 PMEST Sat Mar 9 2019

[ Thara ara na tronical cvelonac in tha Atlantic at thic tima. ] L2

Figure7. NHC rudimentary embedded web map with minimal interactive mapping toc
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Thereare other earthquake and tropical stahemed 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 understandnega$ as the
multimedia video embedded in a news article displdifagure8) (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 dataor control the maphile it is useful for showing where earthquakes have occurred
at what time, there is no way to click on each event and furthestigate the dat&ome are
predictive, showing how future events could imgampulationsenabling mitigation efforts.
Others focus on assembling a variety of resources to alleviate humanitariafQuiaskss Live

Earthquakes Map.d.).

Figure8. Screenshot of eultimedia videdhatshows EQs >8.0 Mag since 1900
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