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ABSTRACT 

GEOVISUALISATION MASHUP TOOL TO PROVIDE BETTER SITUATION 
AWARENESS FOR EARTHQUAKES 

Shawn Bosco Dias, M.S. 

George Mason University, 2013 

Thesis Director: Dr. Chaowei Yang 

 

Important information pertaining to earthquake and its response is spread all over 

the Internet. In the event of a disaster like an earthquake, rapid access to information is 

critical. The public usually has a hard time retrieving and combining information from 

various sources spread all across the Internet thus preventing them from making quick 

decisions. Most of the current earthquake mashups do not provide relevant information 

like location of first responders and routing to important facilities like hospitals, 

emergency operation centers, police stations and fire stations which could save important 

time and lives. To address the challenges, I developed an Earthquake Information 

Mashup Tool which demonstrates a mashup approach to provide a web visualization tool 

that provides real-time monitoring of earthquakes and traffic conditions, the location of 

important facilities and routing to them, and the ability for users to depict a description of 

the situation around them. Users are thus able to integrate information from various near 

real time sources and get better situation awareness of the environment around them and 
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are able to make important decisions. The Earthquake Information Mashup tool 

demonstrates an effective means to achieve situation awareness and a routing tool to 

important facilities in the vicinity of the user. 
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1. INTRODUCTION 

 Natural disasters like earthquakes often strike unexpected and leave the public 

incapable to deal with the situation. Most earthquakes studies (Nolen-Hoeksema and 

Morrow 1991) have shown that after the earthquake people often panic. It is during this 

time, quick and sensible decisions need to be made. After the event of an earthquake 

there is a spike of information spread all over the Internet. For the public coming to grips 

with the situation and making an effort to put together all this information is like putting 

together an extremely complex jigsaw puzzle with the pieces scattered all over the room. 

They may encounter a lot of problems as they may not have readily access to the 

information, with problems like different formats, different projections, outdated and 

others.  

My encounter with the earthquake of August 2011 at Northern Virginia just as I 

got in the US spurred me to work on a web based earthquake information system. The 

earthquake of August 2011 had a magnitude of 5.8 with an epicenter five miles south, 

south west of Mineral Springs but it left its footprints all across the east coast. Since 

Earthquakes in the US are more common on the west coast and a rarity on the east coast, 

the public panicked and were punching the keys on their keyboards frantically in search 

of information. Most of them caught up with the situation and events around them while 

others on the Internet gave a description, narrated their experience and reported damage 

after the earthquake. In the past VGI has been used to great effect during natural 
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disasters, examples are the Haitian Earthquake (Zook et al. 2010), the Red River Floods 

(Vieweg et al. 2010) and the Santa Barbara Wild Fires (Goodchild and Glennon 2010).  

 When faced with disasters like earthquakes which have damages spread across a 

large geographical area, real time sensors can be incorporated in a GIS environment to 

give better situation awareness. With the evolution of web 2.0 there has been an increase 

in the number of sensors connected to the web providing real time data that feed the 

Internet with vast volumes of information. Government agencies like USGS map 

disasters provide real time wildfires and earthquakes to keep the people safe (Slocum and 

Slocum 2009). Social media such as twitter feeds (Crooks et al. 2013) and Flickr (Liu et 

al. 2008) could act as sensors, which could be used to compliment other sources of data 

and to provide real time information reported by people on the field for the public or first 

responders to make sound decisions. In case of emergency management GIS technologies 

can be used in mitigation, preparedness, response and recovery (Cutter 2003).  

1.1	  Earthquakes	  
Earthquakes occur due to the sudden release of energy in the earth’s crust. The 

earth’s crust is made up of several pieces called plates. The plates under the oceans are 

called oceanic plates while the other plates are called continental plates. These plates 

move due to the motion of the mantle, a layer of the Earth that lies beneath the crust. 

Earthquakes usually occur when plates slip and slide past each other along a surface 

called a fault. Earthquakes are evidence of tectonic activity and occur when tectonic 

stress is released by movement of rocks along a fault (Petersen, Sack, and Gabler 2011).  
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Figure 1 Earthquake focus and epicenter. Inspired by Petersen, Sack, and Gabler 2011 
 

The displacement of blocks past one another to new positions represents a release 

of energy that moves through the Earth as traveling seismic waves. When the waves 

emerge at the Earth's surface from below they cause damage and loss of life. It is 

important to note that although most earthquakes occur in the western region of the US, 

earthquakes can also be found in stable areas far away from the plate boundaries. The 

focus of the earthquake is the subsurface location where the rock displacement and 

resulting earthquake originates. The epicenter is the point on earth's surface that lies 

directly above the focus, and it is where the strongest jolt is usually felt. The scale of 

earthquake magnitude was developed by Charles F. Richter in 1935, and is based on the 

energy released in an earthquake which is recorded by seismographs. Over the years 

scientists have modified how earthquake size is measured and nowadays a moment 

magnitude is used which serves as a more accurate means of recording earthquakes. The 

energy released in an earthquake is expressed as a number, with one decimal value. Each 
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earthquake has only one magnitude, which represents the earthquake's size in terms of 

energy released.  

A different type of scale is used to record and understand patterns of earthquake 

intensity, the damage caused by an earthquake and the degree of its impact on people and 

their property. The modified Mercalli scale of earthquake intensity is defined in terms of 

categories numbered from I to XII which refer to the effects of an earthquake on humans 

and the spatial variation of those impacts. Roman numerals are used for the different 

categories and not numbers so as to avoid confusion with earthquake magnitude values. 

Observers and scientists gather information about Mercalli intensity levels by noting the 

damage and residents experiences during the earthquake. People’s response on the 

Internet could also be used to provide useful information on the damage occurred (Wald 

et al. 1999). The variation in intensity levels can be mapped and the geographic patterns 

of damage and shaking intensity can be analyzed. Understanding the spatial patterns of 

damage is useful for planning and mitigation purposes so that we can better prepare for 

future earthquakes.  

 

1.2	  Internet	  and	  WWW	  
In the 1960’s four mainframes at the University of California Santa Barbara, 

University of California Los Angeles, Utah State University and Stanford University 

were able to create a network leading to the invention of the Internet (Hafner and Lyon 

1999). Over time the Internet began to be used primarily for email, file transfer, Usenet 

News (which is a method used to provide news updates to Internet users before the web 

was invented) and Telnet (which allowed a user to log into another computer and operate 
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it remotely). In the 1990’s the Internet gained popularity with the invention of the World 

Wide Web (WWW) which is a system of interlinked documents and programs that can be 

accessed on the Internet. The WWW was invented by Berners Lee also known as the 

father of the web at CERN (European Organization for Nuclear Research). It was 

primarily built for the exchange of documents (Berners-Lee et al. 1992). The HTTP 

(Hypertext Transfer Protocol) defined a set of rules with which both the client and server 

used to communicate with each other. The Uniform Resource Locator (URL) specifies 

where a resource is available on the Internet. A URL is used to locate a web page on the 

World Wide Web. Hypertext Markup Language (HTML) is the language used for 

creating web pages. When a web page loads in a web browser the browser interprets the 

code and displays the page. Since the early 1990’s, there has been rapid strides in web 

technologies. From wired networks we have moved on to wireless and Wi-Fi networks, 

and from desktop personal computers we have moved to smartphones and tablets. 

Technology has been rapidly advancing and has changed the world we live in. 

 

1.3	  GIS	  
GIS is a system of hardware software and methods used to capture, store, edit and 

display geo referenced data and solve spatial problems. Roger Tomlinson often known as 

the father of GIS is credited with developing the first GIS system called the Canada 

Geographic Information System for the Department of Forestry and Rural Development 

(Longley 2005). A GIS system is not limited to just making simple maps one can 

organizes geographic data so that a person reading a map can select data necessary for a 

specific project or task he can use it to analyze, to see patterns, to think spatially, to solve 



6 
 

problems and to make good spatial decisions. For example after a 7.0 magnitude 

earthquake GIS was used to answer questions like where to search for victims and to 

where rescue teams can be assigned (Johnson 2011).   

 

1.4	  Web	  GIS	  
Web GIS is system that uses web technologies to communicate between its 

components. A basic Web GIS system is made up of three parts, server which is a web 

application server, a client which is usually a web browser and a network/ Internet used 

to connect the client and the server.  

 

 

Figure 2  A simple Web GIS system 
 
 

1.4.1	  Client	  and	  Server	  side	  languages	  
The client side usually makes use of languages such as- 

• JavaScript which runs inside web browsers and allows web page to interact with 

the user. 

• AJAX (Asynchronous JavaScript and XML) uses asynchronous communication 

between the browser and the web server so that the web page can retrieve data 



7 
 

from the server without interfering with the display and behavior of existing 

page. 

The server usually makes use of languages such as- 

• JavaEE (Java Enterprise Edition), Servlet, JSP technologies of Java- these 

technologies are used for developing applications. Web applications developed 

using Java can run on a Tomcat server. 

1.4.2	  Data	  Exchange	  Format	  
The data exchange format is normally used for exchanging messages between the server 

and client. 

• XML (Extensible Markup Language) a mark up language that allows us to define 

tags and attributes and inherits some disadvantages as it is bulky and parsing is 

cumbersome 

• JSON (JavaScript Object Notation) which offers advantages such as smaller in 

size and easier to parse. 

	  

1.4.3	  Web	  services	  

A Web service is a software system that allows machine to interact over the Internet. 

Web pages are usually in HTTP format. Web services which allow other programs to call 

are usually responded in XML or JSON format which allows programs to parse. Clients 

usually consume web services like geo browsers such as Google Maps, Bing Maps to 

build customized application (Tim O’ 2005). 

 



8 
 

 

 

SOAP and REST web services 

• SOAP (Simple Object Access Protocol) uses a structured or encapsulated XML 

for exchanging information. It is difficult to construct and parse hence HTTP is 

preferred.  

• REST (Representational State Transfer) was introduced by Roy Fielding (2000) 

and can be implemented based on HTTP where the client sends all parameters in 

the request URL. 

 

The Xerox PARC Map viewer was the first map server. Based on CGI/Perl it 

allowed different functionalities such as re projection, styling and defining the map extent 

(Putz 1994). With the evolution of Web 2.0 there has been an increase in the number of 

sensors connected to the web providing real time data sets. Web GIS offers 

functionalities like visualization of large amounts of GIS data and analysis of this is 

possible (Kraak 2007). A web based GIS tool could be used to visualize and analyze 

complex variables and models such as climate data (Sun et al. 2012). Web based mapping 

projects such as Wikimapia and OpenStreetMap allow users to collect geospatial 

Information (Goodchild 2007). Web GIS also provides a platform for distributing 

geospatial information, websites such as ArcGIS.com allow users to download data but 

also allows them to use web services.   
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1.5 Mashup	  	  
Information generated from different sources needs to be integrated in order to 

make intelligent spatial decisions. A mashup is a web application that combines contents 

which are resources from websites and other resources. Just as a music DJ mixes more 

than one song similarly users can mix data from more than one website (Butler 2006). Co 

incidentally the first interactive web mapping mashup was the World Wide Earthquake 

Locator based on the Xerox PARC map view. When the sources are updated the mashup 

application is automatically updated. Geovisual analytical tools usually contain linked 

views of representation (Maceachren and Brewer 2004). 

Mashups can be the following types- 

1.5.1 Server	  side	  mashups	  

Prior to 2005 all the mashups involved server side API. The server side mashups have 

powerful software and hardware but involved complex server side programming. It is 

also labor intensive as a lot of time is required for development and deployment.  

1.5.2	  Browser	  side	  mashup	  
 Nowadays most of the mashups are on the browser side since there are a lot of 

web services available on the Web and JavaScript, AJAX and XML is mostly used. Some 

sites provide data via JavaScript which can be consumed by the browser side mashups. 

Other mapping companies provide maps and services via JavaScript API. These API’s 

are easy to use and do not involve complex programming. Browsers can make use of 

Web services in the form of Restful and SOAP services could be used. 

Content sent to mashups may be of two types, ones which contains API and those which 

do not contain API. Contents which do not contain API include HTML, complex 
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programing languages need to be used to perform data extraction. The web contains a 

huge amount of web pages, making use of this vast amount of unstructured content is 

difficult (Fu and Sun 2011). Mashups which make use of browser side API, REST and 

SOAP services are easy to construct.  

 Mashups doesn’t have to be created by GIS developers but even amateurs can 

create a mashup (Batty et al. 2010). This ease has prompted a sea of users to create 

mashups ranging from simple mashups involving simple dynamic data to big data. There 

has been a lot of interest in crisis mashups as it is often used to describe neogeographic 

practices (Liu and Palen 2010). During a disaster like earthquakes, time is a very 

important criterion for saving more lives quick decisions can be made. An automated 

visualization system could be used to give better situation awareness to decision makers 

after or during a disaster and could help them make better spatial decisions (MacEachren 

et al. 2004). Visualizing this combined information from a mashup not only enables 

decision makers to see things they never could see before but also helps them make quick 

intelligent decisions.  
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2. RELATED WORK 

2.1	  Rich	  Internet	  Application	  
Since the 1990’s the web has got better with web interface making use of 

multimedia and animation to improve users satisfaction with a user experience similar to 

desktop application (Paulson 2005). Ajax application makes use of asynchronous 

communication behind the scenes to provide smooth interactions. For example when user 

retrieves a part of the map not shown on the screen the updates occur smoothly. Browser 

side API’s make the web application fast, fun and easy to use. Rich Internet Application 

technologies can be used to help users obtain required geospatial resources easily (Gui et 

al. 2013). 

2.2	  Mashup	  
Each mashup is unique in its own way however, most of the earthquake mashups 

present, focuses on monitoring earthquakes and offering the location, magnitude and time 

of the earthquake. There were many mashups present. Some of them offer other 

functionalities like - 

• The AEGIS, Advanced Emergency GIS created by Loma Linda University 

Medical Centre in collaboration with ESRI, monitors and maps the location and 

status of emergencies, locates victims and emergency-response personnel, and 

tracks other factors that can impact emergency response (Yang et al. 2013).  
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• The USGS (USGS Earthquake 2013) has the USGS Earthquake Hazard Program 

which is part of its efforts to reduce earthquake hazard in the US. The USGS 

mashup offers viewing and monitoring of earthquakes that have occurred in the 

past 24 hours which are greater than 2.5 in magnitude.  

• The Hungarian National Association of Radio Distress Signaling and Info 

communications (RSOE 2013) runs an Emergency and Disaster Information 

Service (EDIS) which can serve as an important resource to travellers informing 

them of the various hazards like forest fires, earthquakes, tropical storms, and 

disease outbreaks.     

• IRIS Earthquake Browser (IRIS Earthquake 2013) enables you to find 

earthquakes in any region of the globe and then import this information into the 

GEON Integrated Data Viewer (IDV) where the hypocenters may be visualized in 

three dimensions. 

• Rapid Earthquake View (Rev 2013) is a joint product of University of South 

Carolina Seismology, Incorporated Institute of Seismology and Digital Library for 

Earth Education. The Rapid Earthquake Viewer allows views and monitoring of 

recent earthquakes and access to seismograms from seismograph stations around 

the world.  

• The Live Earthquake Map (Live Earthquake 2013) created by Jorn Clausen 

Mashup showing earthquakes in the last 24 hours. The mashup uses a Google 

Map geographic frame for the base map and its feed web services are obtained 
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from three different sources. It also provides a timeline for the earthquakes by 

making use of the timeline widget browser side API. 

• ESRI has a similar Public Information Map for Earthquakes (ESRI 2013) which 

shows the earthquakes for last 90 days, population in the affected area and a shake 

map. 

2.3	  Grid	  Clustering	  
Plotting thousands of markers on the map can cause visual and slow interaction 

with the map thus leading to a degraded experience. Grid based clustering (Google 2013), 

was used to restrict the markers rendered on the map. It worked by dividing the map into 

squares of a certain size and then grouping the markers into each grid square. This type of 

rich and engaging user experiences can not only increase the performance but can also 

give better user satisfaction. 

2.4	  Contribution	  to	  science	  and	  society	  
 

Most people do not have a good spatial sense and need directions when driving or 

moving. Even from getting from point A to point B we require a GPS to guide us there. 

Similar systems have been used in the past even to provide an accessibility tool to the 

blind and the visually impaired (Rice et al. 2012). A mashup tool can offer a platform 

which merges data from different sources and has different characteristics. By creating a 

layer stack of information the tool can create a visualization platform for discerning 

patterns that exist in the data (MacEachren 2004). It provides the user better situation 

awareness to make the user aware of the situation. The user is able to understand how 

events around him will impact or play a role in the near future. 
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3. SYSTEM DESIGN AND ARCHITECTURE 

3.1	  Framework	  	  

 
Figure 3 Overview of system 

 

• Client side- The application was developed within an HTML page integrating 

CSS, JavaScript, and additional toolkits like Dojo which can provide a good user 

experience. It makes use of Browser side API such as Google Maps API, Google 

Traffic API, and Google Directions API. The Google Maps consumes the REST-
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ful web services from USGS which are in GeoJSON format. When the user 

sends a URL request to the local Tomcat server it connects to web services, 

receives a response and displays in HTML format. The browser interprets this 

HTML markup and displays it in a form the client can understand. The user can 

also select the first responder facilities like emergency operation centers, fire 

stations, police stations and medical care facilities he would like to view and 

routing to facilities within a 20 mile buffer. He can select the option to view the 

live traffic conditions around him. The user can also provide VGI inputs by 

means of a form describing the earthquake and reporting the events around him. 

• Server side- Operations such as reading or writing to a database, parsing of data 

or web scrapping needs to be performed on the Tomcat server. These operations 

are complex and done on the server side with use of powerful server side 

programming languages such as Java. The live feeds are obtained from the USGS 

server. 

• Database- Data such as the VGI input and the essential facilities which includes 

emergency operation centers, fire station, police station, and medical care 

facilities is stored in the MySQL database  Data can be added and retrieved as and 

when desired.  

3.2	  Methodologies	  
 
3.2.1	  Thick	  client	  architecture	  

Thick client Architecture was employed which relies on the client rather than the 

server to perform most of the functions. This was made possible by using the Dojo toolkit 
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(Dojo 2013) which is a rich Internet application which allows asynchronous 

communication between the browser and the server. There is fast interaction with the user 

since information on the page is updated without the need to reload the whole page. 

There is also less pressure on the server since there are fewer round trips to the server. 

However it also has some disadvantages since the client has to perform sophisticated GIS 

operations on gigabytes of data it can at times load and slow the browser.  The Dojo 

toolkit allows users to enjoy a rich user experience.  

 

3.2.2 Restful	  Services:  

This web application made use of REST (Representational State Transfer) type of an 

architecture where the client sends the request in the form of URL and receives the 

response in the form of JSON.  

 

Figure 4 Rest style web service, request in the form of a URL and response in JSON 
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3.3.3	  Model	  Viewer	  Client	  (MVC)	  Architecture:	  

MVC Architecture was incorporated in this project. It is the most used 

architecture nowadays to build web based enterprise systems. This architecture separates 

each module into three parts- the model, controller, and viewer. The MVC architecture 

promotes the maintenance and separation of concerns to each component. It allows the 

division of work onto separate modules. 

 

Figure 5 MVC Architecture 

	  

3.3.4	  Marker	  Clusterer:	  	  
Most of the web applications have problems such as they are slow and users often 

complain of sluggishness. Various techniques have been employed such as use of 

pyramids and hash indices on server side, multi threading on the client side and caching 

which can be employed on both the client and server side (Yang et al. 2005).  

In this web application it was required to display a large number of locations of 

markers from the essential facilities. Grid based clustering was used to reduce the 
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markers displayed on the map It works by iterating though the markers in the list that you 

wish to cluster and adding each one into the closest cluster if it is within in a minimum 

square pixel bounds. This increased the performance of the application and caused less 

visual overload.                

 

 

Figure 6 Grid based clustering 
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4. PROTOTYPE IMPLEMENTATION 

4.1	  Type	  of	  data	  and	  sources	  
 

4.1.1	  Google	  Maps	  
 
Google Maps (Google Maps 2013) was used as a geographic framework of reference so 

that we could display all the data. Other options such as Bing Maps and Open Layers 

were also considered. Although Open Layers offered better performance and had a light 

weight build, Google Maps was chosen as it allowed the use of Google’s powerful 

Traffic and Directions API which makes use of near live traffic conditions. The Google 

Maps API allows 25,000 requests per day for requests greater than 25,000 a user has to 

pay for the services.  

 

4.1.2	  Earthquake	  Feeds	  
 
The live earthquake feeds were obtained from USGS (United States Geological Survey). 

The feeds from USGS were in many formats (USGS 2013). GeoJSON format was chosen 

as it was smaller in size and it was easier to parse compared to XML. The earthquake 

feeds for the past one week with magnitudes greater than 2.5 were got using the 

following link from USGS: 

http://earthquake.usgs.gov/earthquakes/feed/geojsonp/2.5/week 
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Other data sources for the live earthquake feeds were considered such as  

• EMSC- the European Mediterranean Seismological Centre which distributes data 

on earthquakes in the last 24 hours. Big earthquakes events from around the world 

are shown. More focus is on European countries with smaller events from across 

Europe, especially the Mediterranean Sea (Greece, Aegean Sea and Turkey) also 

shown. 

• GFZ- the Geo Forschungs Zentrum Potsdam provides data for earthquakes in the 

last twenty four hours, mainly the strong ones from all over the world. 

	  

4.1.3	  Essential	  Facilities	  Data	  
 
Essential Facilities are those facilities that provide services to the community and should 

be functional after an earthquake.  

Essential Facilities include- Fire station, Police station, Emergency Operation Centers 

and Medical care center (which include hospitals and medical clinics) 

 

§ Emergency Operation Centers are those facilities that provide a location from 

which government at any level provides inter agency coordination and execute 

decision making in support of incident response. They also provide emergency 

assistance for casualties including search and rescue, shelter and medical care 

thereby saving lives, avoiding injury and minimizing economic losses. It carries 

out the coordination function through information collection, evaluation of the 
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event and resource management. As recovery operations are introduced, close 

coordination is required between those organizations responsible for recovery 

operations and other voluntary organizations, such as the American Red Cross 

and other national voluntary organizations, local religious and civic groups, and 

other entities providing recovery assistance, including federal government 

agencies.  

§ Fire stations are responsible for extinguishing fires caused by gas leaks and spills 

during earthquakes. They also help in the emergency transport from the incident 

scene to medical facilities. Fire stations coordinate with the emergency operation 

center on transportation issues regarding the decontamination and transportation 

of victims exposed to a toxic element and the decontamination of these vehicles.   

§ The police provide search and rescue, evacuations, door to door checks and 

maintaining the overall safety of the community. Police maintain security of 

emergency areas, including ingress and egress in coordination with the emergency 

operation centers. The police notify the emergency operation centers of any 

critical resource shortfalls. During an emergency, the police department maintains 

the security of facilities used to store large inventories of emergency physical 

resources. The police also provide escort and security services for large shipments 

of emergency physical resources to the disaster site and provide crowd control. 

The police assist with enhancing security at hospitals, mass casualty collection 

points, and other sites providing public health services during a public health 
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emergency. Hospitals or other health care facilities make security requests to the 

emergency operation centers who contact the police for assistance.  

§ Hospitals are never able to fully manage all patients in a disaster scenario, due to 

high volume of demand and lack of man power, space or supplies.  These 

incapacities are usually supplemented by other hospitals or agencies for such an 

event.  Hence hospitals have to be resourceful and flexible to developing 

conditions.   

Data for essential facilities at the national level is difficult to obtain. Local 

agencies like counties have a rich library of information. However combining 

each and every county level data for the entire United States is a mammoth task. 

The data for the emergency operation facilities, hospitals, fire stations and police 

stations for the entire United States can be obtained from the software HAZUS-

MH (FEMA 2013). HAZUS-MH is a GIS based natural disaster (earthquake, 

hurricane and flood) modeling tool that provides data to strengthen preparedness 

and response capabilities by assessing risk and forecasting losses. It is developed 

and distributed free of cost by Federal Emergency Management Agency (FEMA). 

The essential facilities are extremely important as after an event of disaster these 

sites provide the public with assistance and are one of the most frequented sites.  

The medical care facilities data within the HAZUS-MH software comes from the 

American Hospital Association (AHA) 2000 data, the emergency response, fire 

stations and police stations data come from InfoUSA Inc. 2001 data. The 
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HAZUS-MH software has a tool called Comprehensive Data Management 

System (CDMS) which allows the inbuilt inventory to be exported.  

 

 

Figure 7 Screen shot of data obtained from HAZUS-MH for the state of Alabama 
 

 
This data exported from CDMS is by state. Each state excel file contained sheets 

which holds the different facilities information. 

4.1.4	  Live	  Traffic	  	  
 
 The live traffic conditions and routing with directions to facility can be obtained from 

Google Traffic API web services (Google Traffic API 2013). The user can get up to date 

live traffic conditions to find the best route to his destination. The color codes indicate the 

speed of traffic compared to free flowing traffic conditions. Green indicates that there is 
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normal speed traffic. Red indicates there is slow speed of traffic. While gray indicates 

that there is no speed of traffic on the road. The Google Traffic API is supported mostly 

for places in urban areas. This data is not accurate but maybe one of the best out there. 

Cell phone companies are constantly monitoring location of smartphone users based on 

the strength of signal received at the cell towers. When smartphone users use Google 

maps and enable their location option on their smartphones, they are enabling their GPS. 

With the triangulation method between the cell towers and the GPS the mobile phone can 

be tracked and traffic information can be obtained from this. 

 

 

Figure 8 Google Traffic the color codes indicating the different traffic speeds 
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4.1.5	  Routing	  to	  essential	  facilities	  
 
The routing to essential facilities was obtained using the Google Directions API web 

services (Google Directions 2013). The Google Directions API is a service that receives 

direction requests and returns computed results. It calculates directions between locations 

using an HTTP request. 

In the request three mandatory fields need to be sent. 

Origin, specifies the start location from which directions need to be calculated. In the 

Earthquake Information Mashup tool, the user’s current location is used.  

Destination specifies the end location to which to calculate directions. In the Earthquake 

Information Mashup tool, one of the essential facilities which the user feels he wants to 

obtain the route to will be used. 

travelMode, this parameter specifies what mode of transportation that will be used. This 

value can include walking, bicycling, transit and driving which is the default. In the 

Earthquake Information Mashup tool, Driving was used. 

4.1.6	  Volunteer	  Geographic	  Information	  
 

A facility was provided so that if users sense any earthquakes, they could act like 

citizen reporters and report the event. A form was provided where the user could report 

his name, zip code, telephone, description, latitude, and longitude. Coming up with the 

results for the Mercalli’s intensity levels in case of a severe earthquake could take months 

as it is based on reports of damage from survivors, reports from media and first 
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responders. The VGI information input to the system could be used to compliment the 

Mercalli’s intensity levels data and serve as an early first approximation to the Mercalli’s 

scale. The geographic patterns of damage observed from the VGI system can be analyzed 

and could be used for planning and mitigation in the future. 

	  

4.2	  Tools	  
 
The development environment was set up using the following software- 

• Apache Tomcat7, an open source web server was used which offers a simple, fast 

and stable performance. It is the most commonly used web server software and 

can support programming in Java and a host of other programming languages.  

• Eclipse IDE (www.eclipse.org) was used as the integrated development 

environment (IDE). Eclipse has many features for creating and testing the code. It 

is one of the most commonly used IDE due to its rich java development tools 

support and allows third party functional integration (Murphy, Kersten, and 

Findlater 2006).  

• MySQL (2013) a freely available database and a popular choice for use in web 

application, was preferred over other databases. 

	  

4.3	  System	  
The application was implemented using browser side mash up architecture. Browser side 

API such as Google API for JavaScript, Google Traffic API for JavaScript and Google 

Directions API for JavaScript was used. Dojo Toolkit was used to provide a good user 
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experience. The USGS earthquake feeds were from a RESTful web service and were in 

GeoJson Format. The HTML5 Geolocating tool was used to find the users location from 

the browser. The Geolocating tool is supported on all the latest browsers like Internet 

Explorer 9+, Firefox, Chrome, Safari and Opera.  

The facilities data was stored in the MYSQL database, retrieved using Java which 

was used as a server side programing language and converted into Json. The facilities 

within a twenty mile buffer can be calculated by first finding the distance between the 

users location and the facilities location. In this project only those facilities within a 20 

mile buffer were selected.  

Δσ = 2arcsin (   (sin!(ΔΦ/2)+ cosΦ!cosΦ!𝑠𝑖𝑛!(Δλ/2)  ) 
 

d = r * Δσ 

Equation 1: To calculate distance between two points 
 

Where Φ! and Φ! are the latitudes (in degrees) of the respective coordinates, ΔΦ 

is the absolute difference of longitude between the respective coordinates, Δλ is the 

absolute difference of longitude between the respective coordinates and r is the radius. 

The application was deployed on the Amazon AWS EC2 (Elastic Cloud 

Computing) cloud. Amazon AWS allows a one year free account to all users. A Linux 

Ubuntu 13.0 64 bit instance along with Tomcat 7 server and MySql database instance 

needs to be installed. The port settings should be configured so as to allow 

communication with the cloud. The project can be exported from the local machine to the 

cloud using FileZilla which is a free and cross platform FTP software. The EIM tool 
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deployed using Amazon EC2 (2013), can be found at the following URL- 

http://54.200.221.135:8080/DisasterMashup/ 
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5. SYSTEM DEMONSTRATION 

Consider a scenario where an earthquake having magnitude of 6.3 has occurred in 

the Northern Virginia area with its epicenter in Fairfax. A lot of damage has been 

reported in the Northern Virginia and DC area. This area has a dense urban environment 

that includes residents, commuters and visitors from other neighboring areas.  The 

Northern Virginia, DC area, is also home and headquarters to many Federal and National 

institutions.  Many resources are available at their disposal for Natural disaster assistance, 

which includes top ranking local response teams, and national agencies which have a vast 

network in place in the event of a natural disaster.   

People need not look too far and can make use of the EIM tool as long as they 

have access to the Internet and consent to provide their location to the EIM tool. Since 

the EIM tool makes use of the geolocation API in HTML5, the application asks 

permission from the user whether they would like to share their location details. Once the 

user approves to share their location, the application will be able to track their browser’s 

location and their position will be displayed on the map with a marker showing their 

coordinates. By default or every time the map is loaded, the map displays the current 

earthquakes in the US for the past week having a magnitude greater than 2.5. The EIM 

tool displays properties about the earthquake such as the location of the focus of the 
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earthquake along with other properties such as the latitude and longitude, its magnitude, 

and time at which it occurred.  

 

 

Figure 9 EIM tool displays information about the earthquake 
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The application also displays the live traffic conditions for the entire US. If after 

the Fairfax earthquake the user would like to go and visit their loved ones, they could 

take a look at the EIM tool which provides the current traffic conditions. It would give 

the user an idea of which roads are currently congested where the traffic is moving very 

slowly, and they could avoid these roads. 

 

 
 
Figure 10 Live traffic conditions to see places of congestion 
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The user can use the VGI option and get a feel of the current situation in Fairfax 

area provided other users have been reporting events using this tool. The user can also be 

a citizen reporter and describe the situation and damage in their area. The user of this 

application will have to provide their Name, Zip code, Telephone number, Description of 

the event and their latitude and longitude. Once the user’s entry is approved by the 

administrator, the user’s entry will be displayed. To protect the identity of the user only 

their location and description of event entries are displayed. 

 

 
 
Figure 11 VGI report of events and a description of the scenario 
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Problem: There has been lots of casualties lying unattended in the community where the 

user lives and need to be transported to the nearest hospital. 

Analysis: The user can use the tool to find out where the medical care facilities in the area 

are. They could see the medical care facilities within a twenty mile buffer and choose any 

one of them which they feel is the best one. On clicking the information window of the 

medical facilities, contact information is displayed. 

Solution: The user could use the telephone number to contact the medical care facility or 

they could drive the injured ones needing urgent medical help to the medical care center. 

The application provides a routing tool to all the medical care facilities within the twenty 

mile buffer while giving directions and taking into consideration the live traffic 

conditions. 

 
 

 
Figure 12 Routing from current location to Medical care facilities 
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Problem: There has also been a lot of damage in the vicinity of the user. Houses have 

collapsed and trees have been uprooted. The roof of the neighboring house has collapsed. 

Since there is no sign of the neighbors they could be trapped in the debris.  

Analysis: The user can use the tool to find out where the fire stations in the area are. They 

could also see the ones within a twenty mile buffer and choose any one of them which 

they feel would be the best one.  

Solution: On clicking the desired fire station, the user is able to obtain the address and 

contact information. They could call the selected fire station or they could even drive to 

the fire station and file a complaint. The application provides a routing tool to all the fire 

station facilities within a twenty mile buffer while taking into consideration live traffic 

conditions. 

 

 
 
Figure 13 Routing from current location to Fire station 
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Problem: There has also been a lot of widespread looting since there are no owners 

present in their collapsed homes and shops. The roof of the nearby ABC supermarket has 

collapsed. Taking advantage of the situation, people are helping themselves to the goods.  

Analysis: The user can use the tool to find out the police stations in the area. They could 

locate the ones within a twenty mile buffer and choose any one of them which they feel 

would be the best one. 

Solution:  On clicking the police station the user could obtain the address and contact 

information. They could either call or drive to the police station to file a complaint. The 

EIM tool provides a routing tool to all the police station facilities within the twenty mile 

buffer while taking into consideration the live traffic condition. 

 

 
 
Figure 14 Routing from current location to Police Station 
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Problem: It has been days since the earthquake occurred. There have been uprooted trees 

hanging dangerously on the electricity wires. There has been no electricity power for the 

past week. The local fire station has not been responding to repeated calls and there has 

not been help from the county services either.  

Analysis: The user can use the EIM tool to find out the emergency operation centers in 

the area. They could also see the ones within the twenty mile buffer and choose any one 

of them which they feel would be the best one or the closest.  

Solution: On clicking the information window of the emergency operation center they 

could obtain the address and contact information. They could either call or drive to the 

emergency operation center to file a complaint and obtain emergency food supplies for 

themselves.  

 
 

 
Figure 15 Routing from current location to Emergency Operation center 
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6. CONCLUSION AND DISCUSSION 

This thesis describes a web based situation awareness earthquake information mashup 

tool. A prototype was developed to demonstrate the efficiency of the system to produce 

an automated visualization and routing tool for the public. The system included a web 

based situation awareness GIS that could monitor and map earthquakes and location of 

emergency facilities, provide live traffic conditions and route path to the emergency 

facilities. The project showed how a variety of web technologies and services could be 

integrated into a scalable visualization model to provide better situation awareness to the 

user. The EIM tool could provide buffer analysis for finding all emergency facilities 

within a twenty mile buffer and provide a routing tool from the user’s current position to 

these facilities. 

 The EIM tool demonstrated how the Google maps API, Google Traffic API and 

Google Directions API for JavaScript could be leveraged through mashup. The Google 

Maps API for JavaScript provided programmable access to live traffic and directions to 

facilitate routing to emergency facilities from the users location in live traffic conditions 

which other map API services like Bing Maps and OpenLayers is not able to provide.  

 During the government shutdown from October 1st through 16th 2013, there was 

no access to the live earthquake feeds from USGS.  At that time other sources for the 
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earthquake feeds were considered. However it was decided to stick with USGS since it 

operates more sensors in the US giving a better coverage.  

 Data used in this application was from Governmental sources like USGS and 

FEMA which provides authoritative content, data from Google which provides semi 

authoritative commercial content and VGI input which is assertive content. A quality 

assessment of the various data sources should be performed in the future research.  

The EIM tool demonstrated how VGI could be used to report destruction and 

damage occurred. The time at which entry was made should be incorporated so that user 

can consider which information to consider and which ones to ignore. Checking for the 

quality of VGI input could throw a doubt on the damage reported as evaluating and 

checking each and every message for quality could be difficult and especially when there 

is a flood of VGI input messages after an earthquake. Checking for the accuracy, error 

and quality of VGI input is therefore a good topic to consider for future research.  

Cartographic research should be conducted to take care of overlapping markers in 

case of earthquakes.  

After an earthquake, there could be a flood of users accessing the application. 

Future research should be undertaken so that the application is able to support a large 

number of users and still give good performance. Scalability should be considered and 

techniques such as load balancing, compression, caching and indexing techniques for the 

database could be investigated to improve the performance.  
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The application could be designed for a mobile interface. The HTML5 

Geolocation tool could be used to more effect by making use of the other functions which 

would enable the platform to behave like a GPS and return the updated position of the 

user as they move or point of interest input by the end user.   

 Natural disasters such as wildfires, tornadoes could also be incorporated to make 

it a disaster information mashup system. Other near real time data which also play an 

important role in the situation like weather and demographic information could be 

incorporated to show new relationships and perform various analyses like population 

affected. 
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