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Abstract

The spatio-temporal properties of Twitter users
during the Sandy Hurricane

Sara Shariat

The wide-scale deployment of networked 
communication and sensing devices, e.g. phones 
and tablets, provides a previously unimaginable 
amount of information about people's environment 
and movements. These devices often have access to 
high accuracy localization technology, such as GPS 
and Wi-Fi/cell tower localization. Users of these 
devices also frequently participate in global social 
networks, for instance Twitter, Facebook and 
Google+.
The information obtained from social media in a 
catastrophic event is unique and cannot be found 
anywhere else in the information space, they may 
even have the geographical knowledge of the 
influenced areas, which can be high importance for 
those outside of the area. This role is highlighted in 
the occurrence of hurricane sandy on 2012. Geo-
tagged social media messages expose user’s 
locations and subsequent movements, providing 
near-instantaneous data about how people are 
responding to a disaster event. The need for up-to-
date information is paramount for the authorities so 
they can organize the most efficacious response. 
They need to know what issues are affecting people 
on the ground, where people are located and 
whether they can/will evacuate.
This project will analyze gigabytes of data collected 
during the Sandy Hurricane of 2012 on the 
American East Coast. Millions of geo-tagged tweets 
from hundreds of thousands of users were collected 
and offer a unique insight into how Twitter activity 
increased during the hurricane in the area of the 
event and the movement pattern of the people 
changed during the hurricane. These reactions and 
movements of people during the Hurricane Sandy 
help the process of evaluation so responders can 
have a more robust situational awareness of the 
disaster.
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Chapter 1 

Introduction 

 
In recent years, social media tools such as social networks, micro-blogging, and media sharing, 
have become very popular. Moreover, by the growing use of cellphones, people are able to share 
their opinions and information from all around the world. Through use of these technologies, 
users can capture events such as hurricanes, by posting videos, pictures, and messages. 

These technologies have been changed into essential parts of preparedness, responsiveness, and 
recovery. Nowadays authorities intend to use social media technologies to connect with people, 
during occurrence of an event. Superstorm Sandy, which happened in eastern America in 2012, 
examined the capabilities of USA emergency planning.  

This study analyzes a huge amount of data which are collected during hurricane by using social 
media. In this chapter, the problem will be defined and research purposes will be examined. At 
the end, the research methodology will be described. 

1.1 Motivation 
Currently only on Twitter we have over 500 million posts daily. [1] Majority of these results 
from private users who express their feelings and overall status of their lives. There have been a 
significantly increasing interest in the application of the analysis of Social Media in crisis 
circumstances, specifically how the situational awareness can be enhanced by Social Media?, 
and can it be beneficial in managing disaster?    

We are in the beginning of perceiving the way that we can get advantage of these real-time 
information currents by investigating the social media data of each disaster depending on the 
whereabouts of ourselves or how much we are in the crosshair of danger. This research considers 
the social media analyses as a route to distinguish the patterns in the ongoing disaster. 

1.2 Problem Statement 
Sandy made landfall in New York and New Jersey shore, and the storm devastated Caribbean 
islands and damaged coastal states along its way. Before and after this event, a large amount of 
tweets were sent and received about the storm. 
There have been some studies regarding the impact of disasters in the social media and the data 
collection area of it in the difficult time of bad experiences. What kind of questions is needed in 
order to make this research be applicable to the upcoming events? How tweets can be classified 
with their correspondence influence on people? What would be the movement of people during 
the disaster? How can we relate the location of affected people with Twitter users? What is the 
number of actual people tweeting? Which place has got the most population? We need to take 
into account too many stuff during disasters and crises. 

1.3 Objective 

The tweets issued in the American East Coast when the hurricane Sandy occurred in October 
2012. Tweets collected from numerous users by the aid of geo-tagging, including the exact 
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time of hurricane occurrence. The aim of employing Twitter data is to figure out the reactions 
toward the hurricane in different locations and also determining the time line of the hurricane. 
Capturing and recording 
behavior during a catastrophic even to users, which is in the influence of environmental disasters 
such as storms, hurricane, etc. Although, every event has its own specifications and considerable 
similarity exists between the discovery and understanding of the essential similarities in order to 
make obstacles in the way of the crisis resulting in the harmful consequences suppressed. So we 
would be able to search for the supporting evidence of the hypothesis that monitoring Social 
Media streams in the time of catastrophic events is such a crucial and worthwhile thing to do for 
the agencies of crisis management.  

1.4 Approach and Methodology 
For having a better and more robust understanding of the way people use Twitter in catastrophic 
circumstances, all tweets regarding the American East Coast area have been collected and 
analyzed by their location specifications in a ten day timeframe in October 2012 which is done 
actually in the time o  

Processing and analyzing messages is the main section of this research. Processing of data is 
done according to below steps: 

recorded and showed in graphs and these graphs are used in the first level of analysis. In the 
occurrence of hurricane we follow the news in popular news media such as C.N.N to get the 
latest information regarding the phenomena in order to match the resulting graphs with News 
Media; it is riveting to see how people react in such circumstances in Tweets and also the 
reflection of that in our data and graphs.  

2. Group Tweets by geographical coordinates. Tweets from areas which are in a close vicinity 
with each other are grouped together so the density can be easily recognized otherwise as they 
continuously change their direction it will be difficult to determine the density. Specifically 
looking at the difference between how dense and sparse areas reacted to the disaster. In addition, 
an interplay relationship is existing between area, users, and frequency tweets.   

3. Analyze how each geographical group changes over time. In order to demonstrate reaction 
toward a catastrophic event, the numbers of tweets are taken into account based on the actual 
number of people in a specific region, in which the main purpose is to find out about the way 
people move across the vast regions. The knowledge of the number of evacuating people is 

 

The most riveting aspect of Twitter in this catastrophic event is that the extent of a natural 
disaster can be figured out by the number of tweets posted because according to the stages of a 
disaster, the numbers of tweets are not the same. By considering all the aspects, it is obvious that 
the extracted information from Twitter is plays an essential role in the situational awareness of 
the impact of Hurricane Sandy.  

1.5 Thesis Outline 
Chapter 2 includes background information. Information about Twitter, and a review of 
characteristics of social media. 
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Chapter 3 includes a review of earlier research on the topics of social media analysis. 
Chapter 4, 5 and 6 describes the methods that are used in this work. Technical details of how the 
data was collected, its format and how it was processed will be described. 
Chapter 7 includes summery, conclusions and future work reached after the work performed. 
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Chapter 2 

Background 

 

This chapter includes information about different topics concerning this research. Any social 
media has its own features; these features should be understood before one can successfully 
exploit the social media. This includes as an introduction to Twitter and reasons why Twitter 
provides a source of data for social media analysis in general. Also Twitter is compared to other 
available social media services which talk about Hurricane sandy and finally we talk about using 
GPS in mobile phone. 
 

2.1 How technology is transforming emergency preparedness 
The numerous natural disasters and other catastrophic events, in the past 5 years, have 

society and now the eyeballs are here. The inception of cellphones has been a great help for 
recovering some disasters such as Hurricane Sandy. The features that have played prominent role 
in making the cellphone the best communication device in developing countries are: Easy to use, 
low energy consumption and fare price and costs. These features in the time of hurricane when 
no other gadget or device is working properly due to lack of power or damage have made 
cellphone the superior device in devastating situations. In devastating situations like hurricane 
the immediate warnings to people are of critical importance. Granted the cellphones are not the 
best in this area and there are other ways like TV or radio to broadcast, but mobile networks are 
capable of fast recovery after the taking place of natural disasters, in which it just takes a few 
hours for mobile networks to be recovered since a wireless network can be fixed easily and far 
faster than fixed lines. Recent mobile networks are capable of immediate installation in places 

y 
provide the necessary information to the affected people and aid agencies in a blink of an eye. 
The Hurricane Sandy was a good experience for the clarification of this fact that decentralized 
communication in matching the supplies with demands in an effective way is important. 
Computers or laptops may not be accessible in the time of a catastrophic event or a disaster.  

The role of technology in the transformation of emergency preparedness, the bar of preparedness 
can be significantly raised in the areas which our under the potential danger of catastrophic 
events if people are provided with social media and mobile networks. By having a social media 
application on your cellphone you can easily by pressing some buttons can make your friends to 
be aware of your current situation. In Twitter-type social media the likelihood of successful 
delivery of text messages is huge as they use fewer networks.  

Additionally, in a devastating situation people have the tendency of using internet for obtaining 
information Map, illustrations can be employed in order to collect and share critical information 
and surviving people. The definition of crisis mapping is real-time collecting, display and 

ave the capability 
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of sharing easily during emergency situation for sharing maps including Google which consist of 
essential locations such as hospitals.  

2.2 What is social media? 
Social media is an online media on which people can talk, participate, and share data. There are a 
lot of social media ranging from social sharing sites such as YouTube and Flicker, through social 
networks such as Facebook and LinkedIn. By using social media, it is very easy to share your 
ideas, videos, likes and dislikes with the world. You can easily find friends, business, and join 
different communities.  
 

2.2.1 Social Media and Emergency 
When Hurricane Katrina happened in U.S Gulf Coast in 2005, Facebook was a new born social 
media. [2] Moreover, there was no Twitter and iPhone. But when Hurricane Sandy happened in 
eastern seaboard in 2012, social media changed into an integral part of disaster response. When 
power was lost, millions of Americans updated themselves through resources such as Facebook 
and Twitter. [2] 
 
In recent years a series of disasters has happened in the world, disasters such as Hurricane 
Katrina in New Orleans, earthquakes in Haiti and Asia, the tsunami in Indonesia and the 
earthquakes in Japan.[2] Social media by allowing people to ask for help, has played a great role 
in sharing information about these disasters. Social media has made a difference before, during 
and after these catastrophes by providing easy accessibility.  

Each year the number of people who connect to internet through using cellphones and wireless 
hotspots is increasing. Moreover, the use of social media is increasing, and now people spend 
more times on social media sites. Connectedness, participation, openness, conversation and 
community are the main features of a social media. In the US, social media sites are the fourth 
most popular news source to gain emergency information. [3] Social media is an effective tool 
for sharing timely and accurate information easily during an emergency situation. People are 
now using social media to communicate with their friends, families and colleagues as well as to 
seek help before, during or after an emergency situation. 

During the earthquake in Haiti, social media users were used as a basis for volunteers by 
Ushahidi [4], an application that allows digital volunteers to create maps for first responders in a 
disaster zone. After the disaster happened in Japan on March 11, 2011 [5], Ushahidi was used for 
creation of the largest crisis map with over 8,000 reports which were received via social media 
about shelters, food stores, cellphone charging centers and road closures. Emergency agencies 
including Red Cross also have Twitter accounts and use Twitter for sharing information to 
people. 

Although social media has many advantages, but people should be aware of its disadvantages. To 
prevent those who use social media for preying the emotions of people for their own benefits, the 
authenticity of Twitter accounts and Facebook pages must be verified. 
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2.3 Hurricane Sandy 

Hurricane Sandy known as Superstorm Sandy [6] was the most destructive hurricane in 2012, 
and also the second-costliest hurricane in USA Since hurricane Sandy is classified as the 
eighteenth named storm, tenth hurricane and second major hurricane of the year. It is a Category 
3 storm (devastating damage) at its peak intensity when it made landfall in Cuba. While it was 
a Category 2 storm (Extremely dangerous winds will cause extensive damage) off the coast of 
the Northeastern United States, the storm became the largest Atlantic hurricane  (as measured by 
diameter, with winds spanning 1,100 miles (1,800 km)) [7][8]. Estimates performed on June 
2013 assess damage to have been over $68 billion (2013 USD), a total surpassed only 
by Hurricane Katrina [9]. Along the path of the storm in seven countries, at least 286 people 
were killed with 72 of these fatalities occurring in the mid-Atlantic and northeastern United 
States. This is the greatest number of US direct fatalities related to a tropical cyclone outside of 
the southern states since Hurricane Agnes in 1972[4]. Hurricane Sandy raged across the 
Caribbean on October 22, 2012 and continue toward Coast Jamaica, Haiti, the Bahamas, Cuba 
and the Dominican Republic and On October 29 2012 in the evening the storm 
surge that hurricane Sandy caused hit the east coast of North America. In the United States, 
Hurricane Sandy affected 24 states, including the entire eastern seaboard from Florida 
to Maine and west across the Appalachian Mountains to Michigan and Wisconsin, with 
particularly severe damage in New Jersey and New York and a large portion of Eastern Canada 
are suffering from the direct consequences of the storm. The implications of this storm on people 
living in these areas cannot be imagined, while it has many global impacts. Even Internet 
reachability is impaired, and the results can be perceived from far-away Europe. 
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   Figure 2.1: Path of Hurricane Sandy in USA 

Information gathered from CNN, BBC, New York Times, Associated Press are categorized 
based on ten days during hurricane sandy. 

 O ctober 29th  

00:01 a.m. N Y :   
03:00 a.m. N Y : All bus carriers closed. 
12:30 p.m.  Sandy in coast of New Jersey, West Virginia and North Carolina. 
During the afternoon: Toppling trees and power lines and cutting off electrical power. 
20:00 p.m. Manhattan:  
20:00 p.m. New Jersey: Hurricane sandy made landfall and left more than eight million people 
without electricity from Maine to South Carolina and as far as west. 

 Assessing the Damage: 

A irport: American Airlines, United and Delta canceled about 9,500 flights for travel into and 
out of New York, New Jersey and the Philadelphia area.                                                                                                                                
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Power Failures: Ultimately leave scores of homes and businesses without power in New 
Jersey(2.7 million), New York(2.2 million), Pennsylvania(1.2 million), Connecticut(620,000), 
Massachusetts(400,00), Maryland(290,000), West Virginia(268,000), Ohio(250,000), and New 
Hampshire(210,000). Power outages were also reported in a number of other states, including 
Virginia, Maine, Rhode Island, Vermont, and the District of Columbia. 

 O ctober 30th  

Subway: Seven subway tunnels under the East River (Manhattan) were flooded by the storm.                                         
Airport: More than 15,000 flights were canceled, and water poured onto the runways at 
Kennedy International Airport and La Guardia Airport, both in Queens.                                                                        

 Power Failures: 2.4 million households in New Jersey were in the dark 

 O ctober 31th 

Subway: Most New York Subway tunnels were still flooded. Flooding caused damage to rail 
lines all across New Jersey as well.                                                                                                                                                                   
Airport: Two airports in the New York area were planning to start limited service, but not 
LaGuardia   Airport.                                                                                                                                                            
Power Failures: Millions of people still without power 

 Aftermath of Hurricane Sandy (November 1th  ) 

5:30 a.m. N Y : New York City reopened its subway system.                                                                                           
Airport: Flights resumed at New York's LaGuardia airport.                                                                                          
Power Failures: About 4.7 million homes and businesses in 15 US states remain without power. 

2.4 Twitter 
Twitter is a website for the purposes of social networking and micro-blogging. On Twitter users 
can send and receive messages in 
and are shown to followers. This system enables users to send messages up to 140 characters to 
their followers. Twitter was established in 2006 as a social networking site. It is approved that 
this system can help organizations to keep their customers up to date and receiving their 
feedbacks. 

After sign up on twitter, users can find their friends through search or importing their email 
addresses. Messages can be sent privately or open to public. Moreover, users can send and 
receive messages by cellphone text messages, website or Twitter application. Everybody has a 
unique web URL. 

Retweet 

Twitter changes into a social network when users forward interesting messages to their 
followers. Simplicity of retweeting helps this process. 

Replies and direct messages 

Followers can reply tweets in the form of comments. 
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Tweets can be private. Writers can send their followers private messages called direct message. 
When followers delete direct messages, they ge  

@ Signs and # Hashtags 

When someone replies to a Twitter posting, they use their Twitter account name preceded by @ 
sign; for example, "@David." 

Hashtag symbol # is used in tweets for categorization and providing a better chance for them to 
be recognized easily in Twitter Search, this symbol comes before a relevant keyword or phrase 
without any spaces. For instance, we can say that #sandy and #Hurricane Sandy are both 
Hashtags. 

So, by having specific Hashtags Twitter users can share their statuses in the same stream, 
provided that they have no other way of connection. As a result, it can be said that Twitter 
Hashtags are the means of facilitation of conversations and coordination of issues. There are 
some certain topics in which too many people are talking about, these topics are called 

 

One of the best ways for centralization of conversations is using Hashtags, especially in 
conferences, live and in-person events, live webinars, or other ongoing campaigns. Some may 
think Hashtags are a ramification of official Twitter function; as a matter of fact it is NOT of any 
official sort. There have not been any kinds of list creation done by the company regarding the 
topics that can be browsed for investigation. Any user by clicking some buttons can make a list 
of his own topics. For instance, in the following Tweet, @RobMarciano included the Hashtags 
#Norbert and #hurricane.  

 

Having your own Hashtag is not limited for individuals; all the significant organization can have 
their own Hashtags, for example: #Google.  

2.4.1 Why we use Twitter? 
Twitter is an open service social media and it does not have the privacy limitations of Facebook 
and LinkedIn. A large amount of tweets posted by people can be read publicly but in Facebook 

information technically. Instituting a certified products program adds a level of predictability and 
stability to the method that Twitter data is available to its ecosystem. [10] To have these 
certifications, improves the protection of data integrity, support compliance with privacy laws 
and improve trust in the Twitter and its data, all of which contribute to continued development 

from an ad targeting perspective. Facebook and LinkedIn comparing to Twitter, collects deeper 
aviors. 
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first, messages can not contain any complex thoughts. Second, format provides a low threshold 
for posting, as it is expected that a tweet contains off-the-cuff thoughts or summary information 
concerning an event. The threshold is lowered further by the rising ubiquity of mobile devices 
that use Twitter clients. This is an advantage when compared to using blogs as a data source. 
[10] 

users obtain important and precise information during natural disasters and when other 
communication services are not available. People sent more than 20 million tweets about Sandy 
from October 27 through November 1, according to Twitter. [11]  

2.5 GPS in Social Media 
GPS (global positioning system) is a satellite-based navigation system which uses 24 satellites 
placed into orbit by the US Department of Defense. GPS works in all weather conditions and all 
around the world and it is a totally free service. 

Many devices that post to Twitter have a built-in GPS. We use GPS for different purposes such 
as finding the way back to home when we are lost, finding a special place, etc. One of the 
applications of GPS is geo-tagging, which enable us to attach location information to different 

adding geo-location metadata to an image or 
words, earth coordinates (often accurate to +/-1m) as reported by GPS modules built into cell 
phones and cameras (or guessed using Wi-Fi and cell-tower triangulation) are embedded in 
formats which can be read by machines as part of a JPEG file, a Twitter post, or Facebook 
Places. Geo-coordinates are also reported to apps running on a cell phone, such as Angry 

2] 

ude elevation, 
bearing, distance, and even the name of a place like restaurants and shops. Photographers can 
benefit from photos encoded with GPS data: Using the data, photos can be easily cataloged, 
organized, and classified, especially into areas of special interest. [12] Nowadays, everyone who 
uses social media uses this technology weather he/she realize it or not. Although using this 
technology seems to be harmless, but users by revealing their current location impose 
themselves, friends or family members to some dangers. 
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Chapter 3 

Related Work 

 

The hurricane sandy content is analyzed in the social media thoroughly and there have been 
some studies in the matter.  

Information [13  

information about it. For instance, they can predict how people are going to communicate in such 
circumstances and based on that how they need to develop effective warning systems with 
having very low chance of failure. In order to make the right move they know how messages 
need to be developed to have the best possible impact on people. And last but not least, they have 
the knowledge of making preparedness campaigns in order to make people aware of the disasters 
and how predicament the situation will be. The question is they have enough capability in the 
implementation of this knowledge? In catastrophic event people are desperately looking for 
answers and information so they will look everywhere in the seek of answers. It is discovered 
that people were encountered with lots of faulty information, while accurate information were 
found to be at the local level. 

The purpose of research was to observe the performance of public officials in investigating the 
usage of information by people who were using social media. They checked the relationship 

conclusion that participating in social media can help people to deal with the situation as it 
makes them to be occupied, especially those who are considered disaster victims. After the 
evacuation process you are not going to be able to provide resources or participate onsite. People 
can deal with such an intense predicament by communicating with each other, one way of 
sharing information is Community Forums in which people can talk about important stuff like 
resources.  

By ignoring the impact of social media so neglecting the importance of monitoring it can lead to 
irreversible consequences like loss of lives. The purposes of social media need to be expanded 
and being all about information dissemination is not adequate as it can be just one more channel 
of information outlet. Social media owns its beauty to a number of things including: Making 
people to have a conversation, being in the flow of information, being a decentralized network, 
increasing the circumstantial awareness, and avoiding unidirectional information. People believe 
that social media is the source of required things in order to cope with a catastrophic event as it 
helps to create much more resilient communities.  

4] 

The essential role of Twitter was shown during the hurricane sandy. When people were suffering 
from the lack of power they connected to the internet by mobile devices. They spread the news in 
the Twitter in such a considerably huge scale. From October 27 till October 31 people sent over 
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20 million tweets regarding the storm, tweets were mostly consists of news, information, photos 
and video in a way that was 34% of the Twitter discourse about the storm. The content of tweets 
and the sources of them included news organizations giving the latest news, government sources 
presenting information, people posting about what they have seen throughout the time of disaster 
and many more various information posted by different people. Hoaxes are so common in the 
virtual environment, especially in the mainstream news. Some of the tweets were reported false 
and even some images had been doctored and reported fake. It is still in vain that how much of 
the tweets were fake and it was a topic of discussion itself at the time of hurricane. What was the 
driving force of the fake posts? How many of the users in the Twitter have seen the fake and 
doctored posts? We will investigate the interplay between news and the content of eyewitness.  

5]  

In this research, Tweets consisting o
the purpose of investigating the reflection of Twitter usage in the context of Hurricane Sandy on 
lived experiences. Put it differently, their aim is to investigate the human and social data 
shadows of an innately physical/material event for discovering the content lying in them.  

The concentration was on examining the fundamental geographic and linguistic differences in 
the reactions of social media to the hurricane by mapping the references to flooding in both 
English and Spanish. The increment in the crisis mapping and Twitter analysis have caused the 
attention to be drawn to the importance of noting any potential differences between English and 
Spanish speakers, given that Spanish is the native language of millions of people on the US East 
Cost.  

The questions that is remained to be figured out like is it anticipated to have Tweets regarding 
the fact from people in situ experiencing the storm? In the next chapters we are going to focus on 

s willingness in the news around the catastrophic event.  

6   

A dynamic map of tweets pointing out to power outages is created. This begins as they 
experience the prospect of the lack of power on the evening October 28th. With having the storm 
growing, the tone gets to be serious. Aggregate Tweets are in a direct relationship with a darker 
region on the map about the power loss observed for New York region.  

The #NJpower Hashtag, for example, was used in order to maintaining a track of the power 
circumstances throughout the state. Users and news outlets were informing residents of the latest 
power outages situations and updating the areas when the power is going to be restored by this 
Hashtag.  

 There is a considerable potential for mapping out this sort of information in real time. 
Generating these kinds of maps for different scenarios such as power loss, flooding, strong winds 
and trees falling is a solid idea, in which it should be noted that making 
the source of these observations might not always be beneficial, but it begs the argument that 
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To create the live maps of geo-tagged messages is only the first step. Development of base-line 
maps should be done rapidly, and also overlaid with other datasets such as population and 
income distribution. However, these datasets are not always accessible  

7] 

 Represents people decision-making about Hurricane Sandy. The goal of this study is to 
understand how to fight big data faults. It indicated that majority of tweets that are raised from a 
place; one can infer that the place is bared of storm, because of high concentration of cellphones 
and Twitter users. Very few tweets are sent from hardest hit areas, but there was actually a lot 
going on in those outlying areas. This study tries to answer what would it be if government 
decided to handle the recovery of Hurricane Sandy based on large data from twitter? 

When it comes to disaster preparation, bringing each disaster under the scope plays an important 
role. Estimating the amount of damage done by disaster and preparing the predicted scale of 
disaster are the two significant reasons for analyzing disaster circumstances. As such, there is a 
tendency toward the calculation of physical damage done to an area by a disaster, the dollar cost 
of such damage, and the people who could not survive the catastrophic event. Due to the 
fundamental different properties of the natural phenomena demonstrating a little bit of attempt to 

analyzing social media differ significantly on their internals. By concentrating on the contents of 
tweets during Hurricane Sandy we are going to point out this issue. Analyzing tweets will be 
based on user specification of time and geographical coordinate. 

In order to demonstrate the importance of social media in the field of catastrophic response, the 
focus for the past several days has been on this field. There are two groups specified for this 
research: (1) Having useful information by making the raw data and categorizing them, (2) 
visualizing the outcome of this useful information. The concentration was on the challenges of 
obtaining action items and information whereabouts rather than the utility of them and their 
corresponding crisis maps impact. In this research the ideas of Twitter posts have been classified 
and visualized on a geographical map centered on the hurricane. The factors involving in the 

disaster.  
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Chapter 4 

Data Collection and Description of the data format 

 

During chapter 4 we are going to provide more details about our research. As we discussed 

Superstorm and to reach this goal we analyzed the twitter data stream. In following the chapter 4, 
it is explained that how these components being analyzed together to get the result, since this 
project focused on how we can analyzed and used the information which gathered from Twitter 
during Sandy Super Storm. 

4.1 Collection 
A large amount of tweets were made public widely during Hurricane Sandy. This was one of the 
first natural events that were widely observed by social media. Twitter and social media play a 
great role in this natural disaster, from its use by emergency agents to recovery efforts in the 
aftermath.  

In order to review the application and performance of the communication tools during 
catastrophic events the tweets collected in the American east coast during Hurricane Sandy week 
based on GPS geotagged. The tweets were posted between October 29th, 20:45 UTC and 
November 7th

363469 Users were collected in this period. The location of tweets being reviewed in this 
research includes all of East coast USA (latitude [38 till 42] and longitude [-78 till -72]), where 

exact location may be different dependent to twitter cell phone and service provider. It should be 
considered that these geotagged tweets only show a small amount of Sandy related tweets during 
this period.  

4.2 Twitter API           
Collecting data in this research is not as simple as it seems. Twitter provides its users two APIs: 
Rest and Streaming [18]. Rest itself includes two APIs: Rest API and Search API. Streaming 
API supports long-lived connection and data are real-time in it. Rest API support short-lived 
connection and data are rate-limited (everybody can just download a certain amount of data per 
day). Regardless of time, Rest API allows users to access status updates and users info. Rest API 
is limited to data which are not Tweeted before more than one week, while Streaming API allow 
users to access data as it is being Tweeted. For collecting data, we used Streaming API, because 
we needed a non-limited, long-lived connection for doing so. In both Rest and Streaming APIs 

code. Since we decided to collect Tweets that contain English language, we recorded every 
Tweets with a location between two longitudes (-72 till -78) and two latitudes (38 till 42) in 
Hurricane week in JSON format. 
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4.3 JSO N Format 
JSON which is an abbreviation for JavaScript Object Notation [19] is a favorable light-weight, 
data interchange format. Machines can easily parse and generate it. JSON is completely language 
independent format, but it uses some conventions that are familiar for programmers of, C++, C#, 
Java, JavaScript, Perl, Python, and many others. Since it is language independent, JSON can be 
read by many computer languages. Currently, Twitter provides simple APIs for its users that 
allow them to export tweets through JSON format. 
JSON is based on two structures: 

 A complex structure of name/value pairs, which they are realized as object, record, 
dictionary, hash table, keyed list or associative array in different languages. 

 A list of values that are ordered. It is realized as an array, vector, list or sequence in the 
most languages. 

These structures are universals structures, and are supported by most modern computer 
languages. Therefore, it is logical that an interchangeable data format is based on these 
structures. These structures have following forms in JSON: 

{(left brace) and 
ends with} (right brace). Each name is followed by: (colon) and the name/value pairs are 
separated by, (comma). 

 

                                                      Figure 4.1: JSON Object [19] 

An  is an ordered set of values. An array begins with [(left bracket) and ends with] (right 
bracket). Values are separated by, (comma). 

 

                                                        Figure 4.2: JSON Array [19] 
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4.4 structure of Tweets in JSO N format 

Since the amount of data collected in JSON format is huge, we should first understand its nature 
in order to analyze these data. Most amount of data which are related to users and are included in 
tweets, are not important for us. We should use better data models and analysis techniques. 
Therefore, it is important to understand which information is important in Tweets.  

In JSON everything is an object. Each tweet starts and ends by a curly bracket, total tweets with 
its extra information is just one big string. Some of the attribute are numbers, numbers of 
followers, number of friends, number of times tweets are sent, and number of times users are 
interested in the text, etc. 

Example Twitter JSO N file  

If you get a JSON format from Twitter API, this is an example of a Tweet JSON file that you 
may see: 

 
"coordinates":{"coordinates": [-  
"text":" Why are you laughing?! ", 
... 
"id_str":"266101393910296577", 
... 
"geo":{"coordinates": [38.45938493,-  

 
"Entities":{ 
... 
"User mentions":[{"indices": [0, 13],"id_str":"220013887","name":"King Damian", 
"screen_name":"DamianHarmon", 
"id":220013887}]}, 
"Place":{ 
... 
"bounding box":{"coordinates": [[[-75.789148, 38.451018], [-74.984165, 38.451018], [-
74.984165, 39.839178], [-  
... 
"User":{ 
... 
"Id":242363241, 
"created_at":"Mon Jan 24 16:20:41 +0000 2011", 
... 
} 
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4.5 Explanation of JSO N file attributes 
  

 " text " : "  Why are you laughing? 

Every tweet has a text. 

 " Retweeted " : false 

It not be retweeted, in the other word not in replying to any users. 

 " id_str " : " 220013887 "  

screen name (it is the unique written name of twitter user to find if a single person tweeting all 
the times or not). 

 " geo " : { " coordinates " : [38.45938493,-  

Geo tag is a point and the point has a coordinate. 

 " place " : { " " bounding box " : { " coordinates " : [[[-75.789148, 38.451018], [-74.984165, 
38.451018], [-74.984165, 39.839178],[-  

polygon, and the polygon has a bounding box, in other words: place is 
property of tweet and bounding box is the property of place and the coordinate is the property of bounding 
box. 

  

structure, some of them belongs to tweet (made the tweet) and the other ones, belongs to the user 
(when they made their account) and the order is not important in JSON structure, and we only 
want to find creation time of tweet. 

For the first review, we group tweets by time, tweets which are sent in a same time or times close 
to each other are grouped together.  

4.6 What T ime does Twitter Use? 

When we use search API, the results which are ret -
, -

UTC is abbreviation for Universal Time Coordinated. UTC is similar to GMT; the only 
difference is that UTC does not change through the year. Collected tweets are from different time 
zones. Twitter runs across the planet and gives all times this time zone +0000 and it never 
changed local time for most of tweets are obviously American East Coast. 
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Time zone: time zones are a geographical world globe division of roughly 15o each, it starts at 
Greenwich, in England, and is created to help people know what time is it now in another part of 
the world. Most of the time zones are offset from Coordinated Universal Time (UTC) by a total 

 

4.7 Coordinated Universal T ime (U T C) 
Coordinated Universal Time is the fundamental for time in many places worldwide. Many clocks 
use 24-hour time standard, and it is determined through use of precise atomic clocks. Hours, 
minutes and seconds that UTC shows, is close to the mean solar time near to Greenwich, 
England. Worldwide time zones are shown as positive or negative offsets from UTC. Some 
locations and countries use non-offsets from UTC. UTC is usually referred to as GMT 
(Greenwich Mean Time) when not consider accuracy relating to fractions of seconds. UTC is not 
anymore the basis for civil time. Because of ambiguity of GMT, it is no longer recommended in 
technical fields. The day of GMT is sometimes considered to begin at noon (12:00), while the 
day of UTC always starts at midnight (00:00).  [20] 

4.8 UNI X T ime 
Unix time, or POSIX time, is a system that describes an instant in time, which is defined as the 
number of seconds that have elapsed since 00:00:00 Thursday, 1 January 1970,The "zero point" 
that is used everywhere in Unix time is the Unix epoch. So, instead of dealing in every tweet 
with lots of details like "created_at " : " Mon O ct 29 20:52:40 +0000 2012 nto 
seconds to omit the time zone that used in tweets and have just every single tweet with 
associated seconds that was created, computer internally follows everything in Unix time and 
convert it to something that can be understood for human being. 

JSON file is not ordered by time, because Twitter operates a huge system with different servers. 
Since in a specific time there can be millions of people sending millions of tweets, twitter cannot 
just have one server, so it has a machine that balances the load on servers. Maintaining a system 
of total time is very hard because all these computer all working separately and possibly in 
situation different on the planet, that completely distributed system so the time is mostly in order 
but not completely in order and this is another reason we have to convert the time to the Unix 
time. 

Now we have a time in UNIX time, for the second review we categorize tweets according to 
coordinates, and tweets which have been sent from locations close to each other, are categorized 
in a same group.  

4.9 The Geographic Coordinate System 
A coordinate system is a method to split the world into points on a map. These systems, as a set 
of coordinate values, can be presented to anyone, and they can relate coordinate values to a real 
place in the world. [21] Different coordinate systems use different techniques for splitting the 

Coordinate System is used. [21] 

Geographic Coordinate System (GCS) is the most famous coordinate system that uses latitude 
and longitude for determination of your location. Positive numbers represent the northern 
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hemisphere, negative numbers represent southern hemisphere, and equator represents 0 degrees 
latitude. Moreover, positive numbers represent eastern hemisphere, negative numbers represent 
western hemisphere, and the prime meridian represents 0 degrees longitude. It is understandable 
by checking grids drawn on world map (figure 4.3). 

 

                Figure 4.3: Geographic Coordinate System grid with example points [21] 

4.10 Coordinate Formats and Notation 
The coordinate which we collected is from latitude [38 till 42] and longitude [-78 till -72] 
point coordinate. As an example [40.754612  -73.86914] relates to north east America that 40 
degree of north equator and -73 degree west of London, Prime meridian (Greenwich mean 
time(GMT)). All latitude and latitude arranged by equator. 

On results of streaming API, there are three location responses: coordinates, place and geo. Two 
geographical attributes were included in the tweets that helped to indicate the area in which the 
tweet has been sent from. Place, in which the user could indicate the city or neighborhood from a 
software menu as well as Location that include a set of coordinates that mostly could be 
provided through GPS or Cellular data. Place will be selected by the user  and will be updated by 
the user, so once the user travels from a place to another, the location showing on the tweet will 
be the one that the user indicated the last time. Unlike this data, the Location utilizes the features 
of the device itself, this update happens once the user sends a tweet and there is no need for 
manually selecting the location. This location data include specific information like the street 
address or the coffee shop, of course this data could cause some privacy issues. This is the reason 
why this feature is disabled in default and it's up to the user to decide to enable it. A period study 
was conducted on a Hurricane sandy, it was observed that most of tweets showed geographical 
metadata using one of the two options above. 
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These two features (Place and Location) are presented in a field (GEO) that is in JSON format 
that return by API. Most tweets with Location coordinated in the location field have a blank 
space for geo metadata field; this means that the mapping system does not recognize it. The 'geo' 
part is from the original geo-tagging functionality. In geo-tagging API status updates can be sent 
together - -tweeting coordinate is 

 

All people intend to talk about places, and places all have a name not a pair of latitude and 
longitude. For example (37.78215, -122.40060) doesn't mean anything to people but, "San 
Francisco, CA, USA" does.  Some users do not want to send their exact coordinates together 
with their messages, but instead they intend to say what city they live in. for example, a status 
object may look like the following (abbreviated): 

{ 
  "Id":9505317221, 
  ... 
  "Coordinates": { 
     
    "Coordinates": [-122.40060, 37.78215] 
  }, 
  "Place": { 
     
    "country_code":"US", 
    "full_name":"soma, San Francisco", 
     
    "place_type":"neighborhood", 
    "Bounding box": { 
       
      "Coordinates": [  
        [  
          [-122.42284884, 37.76893497],  
          [-122.3964, 37.76893497],  
          [-122.3964, 37.78752897],  
          [-122.42284884, 37.78752897]  
        ]  
      ] 
    }, 
    "Id":"7695dd2ec2f86f2b", 
    "URL":"/1/geo/id/7695dd2ec2f86f2b.json" 
  }, 
  ...  
   
} 
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Chapter 5 

Twitter Activity by T ime and Location 

      

In this chapter we focused on the statistics of Tweets collected during the time period of 
Hurricane Sandy. The goal is to see if there is a temporal or spatial correlation between the 
Tweets and the activity of the hurricane also find out the relation between the intensity of the 
problem in disaster and the number of Tweets. The chapter will answer this question: Which 
place has got the most population base on Twitter data? 

5.1 Twitter activity by time of day 

Information drawn from Twitter database, 
hurricane sandy. The frequency of tweets per hour in US time (EST) is shown in figure 5.1. 

 

                             Figure 5.1: Tweet distribution by Time Zone (Eastern Time) 

The Figure rates increased after 3:00 a.m. and the peaks is around 20:00 p.m. continuously at 
night and this could be because people surfing on internet at home after work but the rate of 
posting drops drastically during sleep hours. The same pattern repeats in the other days. It is 
expected that there is a direct relation between the intensity of the problem and the number of 
tweets. It can be said that people had the knowledge of predicting the time of the landfall 
resulting from the absolute media coverage and as the maximum limit of the catastrophic event 
reached the problem got more attention. But as it can be seen in the graph when the hurricane 
happened on October 30th Since there are a bit variations 
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from day to day, for example depending on power failure, flooding, it seems that it could be 
good to see the events with exact Hashtags during the Hurricane Sandy. We grabbed messages 
from tweets included many different Hashtags (#Hurricane sandy, #sandy, #Franken storm, 
#Superstorm, etc.). The frequency of tweets with Hashtags per hour in UTC time is shown in 
figure 5.2. 

 

                     Figure 5.2: Hashtags Tweets distribution by Time Zone (UTC Time) 

In the period from October 29th 2012 until November 7th 2012, a significant relation was 
observed between trajectory of East Coast USA (latitude [38 till 42] and longitude [-78 till -72]) 
and the number of tweets. A significant decrease occurred; this time was October 30th (Hurricane 
Landfall time). This shows that decrease in the number of Hashtag Tweets can have two 
meanings, one is that there was a decrease in the attention to issues overlooked in the media like 
power outages, and the other is further investigation. There is some related news on popular 
media such as CNN in the time of hurricane. According to the data of CNN which were obtained 
by local power providers, approximately 7.5 million businesses and households suffered from the 
lack of power in 15 states and the District of Columbia in October 30th, Tuesday. The following 
results of Hashtags tweets on the graph represent the anticipation for matching the obtained 
graph with power outage as the lack of adequate power was remained till November 1th  also it 
should be noted that the first Hashtag tweets form this area were collected around 8:00 a.m. 
(Local Time). This meant that the frequency of tweets collected from this area was much larger 
than expected due to the circumstances.  

Being witness to the reaction of people in such situations and the reflection of that in our data 

number of Tweets while there are lots of unpredictable events. Insights can be provided into the 
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event through tracking tweets over days which possible to help authorities in understanding the 
origin of the problem so this could be of good assist for amending the forces.  

5.2 Twitter Activity by Location  
The areas in which most of the tweets come from are the representatives of the densely 
populated. In this part we analyze the spatial distribution of the people during Hurricane Sandy 
to see whether there is a relation between number of Hashtag Tweets (#Hurricane sandy, #sandy, 
#Frankenstorm, #Superstorm, etc.) and most affected areas in the week of hurricane. This takes a 
large data- thousands of points- one has to consider some challenges. First is over plotting, to 
plot thousands of points on a map causing not being able to easily recognize the intensity. 
Second, the challenge is that the scattered spatial distributions of tweets means the amount 
located in any region is different in a large scale which affects to recognize differences from one 
place to another. In order to defeat these challenges, the area of this study is covered by a grid of 
square cells (Cell: 0.1*0.1 in figure 5.3), the size of the grid is chosen base on the size of states in 
the US; each state is divided into 4 or 5 grids. It is anticipated that the tweets produced in a 
catastrophic event are the reflection of specific characteristics of the various influenced regions 
in the week of hurricane in which the tweets acquired. It should be noted that only a fractional 
number of tweets are geocoded. It may be impossible to analyze the impact of location. Figure 
5.3 shows a great number of Hashtag tweets along the eastern seaboard of the US and roughly 
compatible with the locations with the highest tweeting activity. 
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                  Figure 5.3: Sandy-Related Hashtag Tweets across the East Coast United States 

Black areas reveal a higher number of tweets while white areas have less density. Approximately 
a huge number of collected tweets are located in the New York City metropolitan area. The 
darkest grid represents roughly 24706 tweets in the New York metropolitan area. We try to reach 
this conclusion that, during the week of hurricane New York metropolitan was the most affected 
area base on media also reflects in Twitter reflection.  

geographic distribution often requires the statistical methods to draw more attention toward the 
interplay between area and frequency tweets, this data is presented in figure 5.4, which shows all 
the grids ranked by their number of Tweets that occurred in that area across the data set. The plot 
is in a logarithmic format on the Y axe.  
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               Figure 5.4: Shifting Tweets at different stages of days during Hurricane week 
 
Some grids have no tweets some grids have a very large amount of tweets; There are nonlinear 
relationship between tweets and grids. Most geotagged tweets used in Figure 5.3, are located in 
the New York metropolitan area. The grids with the large numbers are urban areas, this probably 
roughly represents the population, and it indicates that there is similarity between tweets and 
urban areas. Wherever in the world an urban area exists, there is a great chance for a community 
of twitter users also tweets are distributed geographically accordance to power availability. 
Places with low number of tweeting, might be far from affected area. Natural disasters are 
understood as having very specific effects around related areas, in this case the New York 
metropolitan region and the eastern seaboard. These examples highlight the fact of just looking 
at those areas with the highest numbers of tweeting activity. Still, a closer focus on social media 
content in a variety of locations could reveal areas that might be neglected in such analyses as 
well as being able to provide significant data. In order to ignore the effect of population in 
variegated geographies states on social media it is necessary to plot geo-located tweets during 10 
days on Google map (the period is defined as 29th October to 7th November) to find out the 
spatial distribution of each state relative to itself. To figure out the relationship between the 
affected area and their Tweets during 10 days we will use RMSE Calculation in the next chapter.  
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Chapter 6 

Analysis of Dynamic Twitter Activity 

 

In the previous chapter the spatial distribution of tweets during the hurricane sandy was shown 
on the map while different grids have large differences in how many tweets they contain. An 
urban area may contain many more thousand tweets in a day than a rural area. Comparing 
between these two types of grid can be hard. Different days also have varying levels of tweeting 
occurring. It is useful to control for both these effects. Therefore, in this chapter rather than 
simply using the number of tweets that occurred in a grid on a particular day, we use mathematic 
calculation RMSE  Here we will answer this 
question: How can we relate the location of affected people with Twitter users? The aim is to see 
twitter behavior on the actual number of people in a specific affected area and find out the 
movement pattern of people during disaster. 

6.1 Metric to compare Twitter activity in T ime and place 
We have witnessed how changes happened to the number of tweets over time and place. We are 
aware of the fact that many data regarding the changes over time and place could result in many 
graphs which are hard to compare. Statistic calculation shows the data helping us to recognize 
how each area was affected daily. In this section we now study the difference between a pair of 
days. A way to calculate the difference between two sets of data is the RMSE which is short for 
Root-Mean-Square-Error.  

For instance, with two sets of measurements A and B (of the same quantities), it is useful to 
know how much they differ from each other. We can calculate how measurement i from both 
sets differ: 

 Ai - Bi = ei  

All of the different error values can then be averaged together to get a measurement of how 
much A and B differ. The errors are squared first, to remove negative values, and square rooted 
at the end to reverse this effect. RMSE can be used to help us quantify difference occurring 
between the Tweet grids of two different days. Smaller values resulted from RMSE show a 
larger similarity. More about RMSE [22]  

Here are three different measures that capture d
consider tweets for two days A and B and a specific grid i: 

Ai=90 (with 1000 tweets on Day A) 

Bi=120 (with 1500 tweets on Day B) 

 Absolute E r ror ei: 90-120 = -30; this is the straight forward measurement of the 
different in Tweet numbers between the two days. 

 Day Percentage E r ror ei: 9%  8% = 1%; this measure controls for the changing level 
of tweeting occurring between day A and B. So although there were more Tweets in grid 
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i on day B (120) this only accounts for 8% of the tweets on that day (120/1500). It can 

on day B. This captures how important grid i seem between the two days. 
 Relative E r ror ei: 9/8 = 1.125; Considering the large difference between urban and rural 

areas, this measure only captures how much a given grid has changed in daily importance 
relative to itself between the two days. 

So, the RMSE using the Absolute Error gives a measure of how much grids generally change in 

gives a measure of many grids generally changes in importance between days. Finally, using the 
Relative Error in the RMSE gives an idea of how much grids change in volume relative to them. 

days. Low ranked grids are not important since there are few tweets there that are almost just 
noise, and then total progression is almost the same. If the stages of days in Tweets are exactly 
the same value, RMSE value would be zero. 

 

Figure 6.1: Absolute RMSE in Tweets at different portions of places during the week of the 
Hurricane 

As indicated, in rural areas, the user has less error than what was expected (at the bottom) while 
in the urban areas (at the right) the error is greater than we expect. So regarding the number of 
people resided at rural area, there is less variation during 2 selected days comparing to average. 
Residents in large area have a more discernible variation meaning that the urban area are more 
affected, regardless of the amount of the tweets, less or more. To find the emerging shifts in a 
total tweet volume, it might be required to use longer timelines of data. 

The calculation of RMSE in order to figure out the similarity between 2 days in conjunction with 
the number of tweets sent by the percentage of tweets is demonstrated in figure 6.2.  
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Figure 6.2: Day Percentage Error in Tweets at different portions of places during the week of the 
Hurricane. 

The RMSE result of October 29th (a day before the disaster) and October 30th (the day of the 
disaster) is 0.810; this number shows that these two days are similar since the number is small. 
This was expected since the day before the media informed of the possibility and that caused for 
more tweets. Now it is time to look at two different days. The RMSE between 2 other days, that 
are October 30th and November 7th (the day Hurricane was about to finish) is 2.120. This number 
is much greater than 0.810, it is also expected since the hurricane was almost finished and so 
people sent less tweets.  

Altogether this is only the differences in absolute number, this might cause for comparison 
problem between large cities, change greatly in absolute number but very small amount of 
relative number, for instance: consider that in rural area people send 6 Tweets on Monday, the 
other day they send 8 Tweet, The different between 2 days is in just only 2 Tweets. Now 
consider that in urban area, the residents send 3000 Tweets on Monday and the other day sends 
2998 Tweets. The difference is by the same 2 Tweets as before, still in this case the error might 

nificant (relative error). 

The relative error shows the ups and downs in grid in 2 days. This means that there is a big 
change regarding the grid while there will not be a significant change in the total data set. In 
order to figure the relative Error: RMSE number of the tweet in gird for proportional variation, 
the proportional error between the same grids on 2 different days is investigated. (Figure 6.3) 
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Figure 6.3: Relative RMSE in Tweets at different portions of places during the week of the 
Hurricane 

There have been a lot more relative errors in rural areas (at the bottom) and there is a lot more 
absolute error in urban areas (Figure 6.1). This makes sense since twitter users are mostly 
inhabitants of urban areas. It is necessary to figure out other items which may change the results, 
as an example the number of tweets might lessen because of a broke down in the connectivity, 

use PC, still they might be only able to use landline and mobile be still in hand, in this case the 

different results in relative RMSE. 

Three different RMSE calculations were shown the way that the hurricane affected on the 
different locations in the twitter data. In the next part we see how hurricane was reacted in the 
specific places during hurricane week. 

6.2 User A ctivity before, during and after Hurricane hit an area 
In this part the aim is to consider the tweets based on the actual number of people in a specific 
area. Meaning that it may happen that one person has sent 1000 tweets and this should not be 
counted as 1000 persons, so we need to consider the actual people who sent tweets rather the 
number of tweets they have sent. Therefore, each person is specified with his number of tweets 
and we allocate them in the grid based on the most tweets sent, which brings us to the conclusion 
that there is a significant amount of differences between the density of population in Tweeter 
base on the numbers of tweets and the actual density of population base on actual people.  

In order to demonstrate the scatterings of Twitter users in some hurricane periods with geo-
tagged extracted from micro blogging, 3 days as random is chosen since it provides much more 
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insight from activation of people. A demonstration of the number of Twitter users is represented 
in Figure 6.4, in which they have chosen to inhabit in the territory of Hurricane zone.  

 

                                 Figure 6.4: People distribution along Eastern Seaboard 

As a result there is considerable increase in the number of people in grids where a catastrophic 
event has occurred. By using the grid selected for Manhattan and Philadelphia and Jersey City 
the area hit by a disaster can be observed more carefully, the target is providing as much 
alternative information as possible for the analyst with extracting the terms from Twitter a visual 
concept which draws better visualization of people activation. Figure 6.5 demonstrates the 
population density in these areas in the week of hurricane, in which the difference is pretty much 
impressive in Twitter.  
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   Figure 6.5: People distribution in 3 major affected areas 

Manhattan with approximately 11807 inhabitants living exposed to the storm sure has got the 
peak. This number for Jersey City is less than half while the density of population is low because 
of the larger area that New Jersey encompasses. The population of New York and New Jersey is 
the same but people in New York sent more tweets in comparison to people of New Jersey. The 
result of October 29th and 30th

much difference in these two days. Since people prepared themselves for the possibility of 
disaster according to the media, this result is quite acceptable. In Twitter we get a lot of tweets 

      
# Hurricane Sandy, the thing is not having Hashtags assigned makes it difficult to determine the 
actual number of tweets regarding hurricane. As you can see in figure 6.6, on October 30th with 
almost 2154 tweets in Manhattan the Hashtags #sandy and #hurricane sandy were peaked, this is 
in conjunction with what we had predicted that people are more willing to use Hashtags like 
hurricane sandy and sandy in the time of a hurricane occurrence. It is worth noting that the 
overall activity also peaked on October 30th. As it is shown below in the figure 6.6, the words 
Hashtags and the time periods one looks at play a significant role in the consequences, this 
observation is done by analyzing the frequency of Hashtags. Hashtags can represent real 
circumstances by the total. For example we can see a sharp fall in the number of tweets at the 
time when hurricane was no longer in th, this kind of 
behavior cannot be observed in graph 6.5.  
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             Figure 6.6: People distribution used Hashtags Tweets in 3 major affected areas 

Figure 6.6 is not to put aside other populated areas, such parts of Pennsylvania (Philadelphia), 
was also hit hard by Sandy. Pennsylvania shows substantially few tweets, while New York and 
New Jersey shows strong numbers of Twitter usage along the coast, even though we have power 
failure in the whole country. The time of hurricane occurrence was October 30th with the 
Absolute RMSE calculation for New York equal to 17263 in (29th and October 30th) and this 
value for Pennsylvania was 3160, in comparison, the day when hurricane ended (November 7th ) 
with 30th the Absolute RMSE value is 42972 and 7323 respectively. It can be seen that despite 
the differences in population of Pennsylvania and New York, which are around 12 million and 8 
million respectively, the number of RMSE for these locations differs considerably. We might not 
get into an exact explanation between tweeting activity and affected area, This figure suggests 
that affected places like New York and New Jersey are more likely to be in the hot spot 
regarding the number of tweets in comparison with areas for instance Pennsylvania. It is quite 
obvious that the connection in this regard changes in various situations. These areas may have 
the need for twitter to have instant access for up-to-date information, particularly if they do not 
have operational phone and television. Twitter demonstrates its usefulness more during such 
moments because people can instantly react to the event. Such behaviors could help officials 
with guidance in management.  

6.3 Movement Patterns in Hurricane sandy  
The number of mobile devices embedded with GPS is growing, in which gives the permission of 
track movement data of various type. Moving toward the vast areas is what people do in reaction 
to a disaster. It is crucial to have a comprehensive knowledge of human mobility which can help 
in evacuation, emergency response and immediate post-disaster relief. It is noteworthy to say 
that this knowledge can be employed for establishing communication networks and presenting 
essential information with the purpose of eliminating the injuries, fatalities and economic 
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downturn.  For having a clear vision of human behavior, the good resource can be the aggregated 
movements of huge number of people. In order to have a comprehensive understanding of the 
mobility patterns which a ovements, one should bring a trove of Twitter 
data under the scope so the way in which mobility patterns have altered during a catastrophic 
event can be quantified. The ultimate goal is making people and authorities aware of the 
movement patterns during a catastrophic event which may happen in future. 

During hurricane week in Manhattan each area is checked and investigated in order to 
characterize the mobility pattern of people in those areas which is done by the aid of geotagged 
tweets in grid on October 29 to October 30. In the figure 6.7 you can see a graph with a lot of 
dots on it in a close proximity to each other. The number of tweets in Manhattan Twitter is 
shown by blue points and red points indicate the delayed tweets which were send on October 30th 
that staying or leaving the selected gird [4][5],which they should been the same users sent tweets 
on October 29th. This pattern is a mean for recognizing the location of people and when and 
where they have been in the time of posting tweets.  

 

                   Figure 6.7: Movement of Manhattan People in 2 days (29 Oct  30 Oct) 

The graph demonstrates some riveting patterns. First, it shows that as people go away from the 
grid deviations become less frequent and shorter. Second, by appearance we can say that the 
surroundings get to be more familiar in a more social context. The question that rises in this 
matter is that considering the midst of the storm in comparison to the end of the storm how these 
mobility trajectories change? Here you can observe all the locations for Twitter users during the 
next 24-hour period, October 30-31 (Figure: 6.8) 
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                  Figure 6.8: Movement of Manhattan People in 2 days (30 Oct  31 Oct) 

Close similarity can be observed in mobile patterns to the ones in the period October 29-30 in 
which more tweets have been sent from grid and also we can see more people leave the grid. As 
the time passes the mobility patterns tend to be less frequent as we can see in the comparison 
between November 6-7 to October 30-31  

 

Figure 6.9: Movement of Manhattan People in the last 2 days of Hurricane sandy (6 Nov-7 Nov) 
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The set of results for days before the hurricane hit the area were quite similar to the days that 
hurricane was finished  much larger. People 
movement was predictable. They show that during the first hours of hurricane sandy the short 
distance movements increased while the long ones were significantly decreased. This indicates 
that people of Manhattan were so flexible to the ramifications of Hurricane Sandy. Narrowing 
down the aspects of evacuation is only possible by this sort of data map, in which it can be of 
good usefulness in order to prioritize the densities of population and making them be 
synchronized with Tweets, subsequently fast feedback on successfulness or failure is obtained.   
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Chapter 7 

Discussion and Conclusion 

 

In hurricane sandy, those who are involved in the situation, search for information in order to get 
better understanding of ces on the people movements and reaction of 
individuals who were influenced by hurricane. Various methods can be used in order to increase 
awareness of affected people. Social media is a rich source of data related to the disaster. As 
seen, lots of people use social media during and after hurricane in order to show their experience 
also communicate with others who were suffered from disaster but these data is not fully 
applicable due to some reasons including the amount of data, not-sorting and classifying data or 
lack of trust to data.  

The major purpose of this thesis is analyzing of Twitter data in relief situations. The basis of 
collected tweets was specific location with the purpose of describing the observed content in a 
qualitative matter. I extended this analysis by the aid of Hashtags labels of all tweets regarding 
the tweets comments and their variability in terms of time and location. By extracting and 
classification of data in social media, we cannot transform them into practical data. Our use of 
data and efficiency of maps should be in focus in order to support emergency reaction. This 
thesis has used the reactions of people to disaster to draw a spatial and temporal map of event. 
This is a robust step toward providing practical information for authorities based on the data of 
social media. We show that the tweets of users change based on the location and their distance 
from hurricane .By using Twitter data of Sandy Hurricane, we found the geo-spatial place of 
those who tweet and their description of hurricane. We analyzed the impacts of hurricane in 
certain areas. There is no direct relationship between the density of tweets and areas which were 
influenced the most by Sandy. Less activity is observed in the areas affected most by Hurricane 
Sandy. Our method is not suitable for those areas with low mobile and radio coverage. In the 
areas with low tower density, geographical localization is not so precise. Granted there are 
numerous unforeseen events. Graphs show nothing of the relation between the intensity of the 
problem and the number of Hashtag tweets. We need to consider the unforeseen events such as 
power outage and flood on twitter data if we are to rely on twitter reaction in a way that we get to 
be able to figure out the infrastructure-damage assessments. Instead, participants can use weather 
data in order to detect the place of hurricane but they are not able to detect the real effect of 
disaster on people. I n such 
areas cannot be a valid source for activity analyses. 

We studied the mobility of people in Manhattan City during and after Hurricane in 2012. The 
destination of people is unknown in the time of a catastrophic event which is a common problem 
in the analyses of movement data. We analyzed accompanied data in twitter and prepared the 
graph of movements for several days. Movement pattern of people after disaster can be observed 
and these patterns are similar to their moves before event. Specific locations are of interest for 
people when they want to move during a disaster and it has been observed that the frequency of 
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different locations is uneven which makes us assume that disasters may even make people to 
migrate, as a consequence, the human trajectories tend to differ during a catastrophic event. Due 
to the unpredictable nature of human mobility in the disaster period we face problems like data 
scarcity.  

7.1 Further perspectives  
In order to defeat the disasters, it is believed that social media can do a lot and be useful. Specific 
users are shown, in which their movement pattern is special, it is possible to know further of the 
people who followed the hurricane thoroughly. One needs to have the knowledge of people 
staying in the houses and avoid the evacuation and anticipated to see the hurricane coming 
straight toward them!  

The data updated by the actual survivors were of more interest, being aware of what a reality is 
and how actually a natural disaster can be is one the tremendous arguments. In devastating 
situation like the ones we mentioned, the possibility of having lots of rumors floating around is 
high also it is possible that networks get to be down during a catastrophic situation. In such a 
disastrous circumstances, some regions always lack the adequate supplies and needs, thus the 
first priority should be helping out the people of those areas and regions.   
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