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How Can GeospatialάBig Dataέ IŜƭǇ Disaster Response 
and Track Disease Outbreaks? 

Transform Innovative Geospatial Technology to
Solve Real World Problems. 

What is Big Data?

Image source: http://visual.ly/big-data (definition from IBM, and WIPRO)  

Is this a good definition of ñBig Dataò?

Big Data is Human-Centered Data

Big Data is a large dynamicdataset created by or derived 
from human activities, communications, movements, 
and behaviors. (Tsou, 2015).

The term, Big Data, refers to big ideas, big impacts, and big 
changes for our society in addition to a big volume of datasets. 

Tsou, M.H. (2015, In Press), Research Challenges and Opportunities in Mapping 
Social Media and Big Data, Cartography and Geographic Information Science.

Human Dynamicin the Mobile Age (HDMA) 

The Challengeof Big Data Analytics:

Big Data are very Messy, Noisy, and Unstructured!

Require collaboration efforts from linguistics, geographers (GIS experts),
computer scientists, data mining experts, statisticians, physicists, modelers, and 
domain experts.

Image Source:  http://www.contentverse.com/office-pains/10-messy-desks-successful-people/ 

mailto:mtsou@mail.sdsu.edu
http://visual.ly/big-data
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Question #1:

Are you a Geographer?  (YES/NO)

Are You familiar with Geospatial Technology? 
(YES/NO)

PlaceTime

Big 

Data
(information)

Geography (place and time)is the KEY for 
Understanding and Integrating Big Data

(Tsou and Lietner, 2013)

Big Data Category (Tsou, 2015).

Social life data:  social media services (Twitter, Flickr, Snapchat, YouTube, 

Foursquare, etc.), online forums, online video games, and web blogs. 

Health data: electronic medical records (EMR) from hospitals and health 

centers, cancer registry data, disease outbreak tracking and epidemiology data.

Business and commercial data: credit card transactions, online business 

reviews (such as Yelp and Amazon reviews), supermarket membership records, 

shopping mall transaction records, credit card fraud examination data, enterprise 

management data, and marketing analysis data. 

Transportation and human traffic data: GPS tracks (from taxi, buses, 

Uber, bike sharing programs, and mobile phones), traffic censor data (from 

subways, trolleys, buses, bike lanes, highways), and mobile phone data (from 

data transmission records and cellular network data). 

Scientific research data include earthquakes sensors, weather sensors, 

satellite images, crowd sourcing data for biodiversity research, volunteered 

geographic information, and census data. 

Geography (place and time)is the KEY for understanding Big Data! 

Health  or Disaster 
Data Layer

Data Integration / Data Fusion

Explore their spatiotemporal relationshipsin both network space 
and geographical space. 

Image provided by 
Dr. AtshushiNara 
(Associate Director of 
HDMA Center).
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Research Showcase #1:  

Geo-Targeted Social Media (Twitter) Analytics 
for Tracking Flu Outbreaks in U.S.

Question #2:

Do you have a Twitter Account? (YES/NO)

Do you send out tweets regularly?  (more than once 
per week). (YES/NO).

Why Choose Twitter?

80% academic researchers are using Twitter APIs to get their social media data.

1. Free and Open Access Data from APIs (you can write a program in your desktop 
to download Twitter data (tweets) automatically).  But the free APIs has the 1% 
data limit.  

2. LargeUser Base (+500 million users) and very popular in U.S., Europe, and 
Japan. But not in China, Taiwan, and Korea (China has a similar platform called 
άWeiboέύΦ

3. Easy to program in Python or PHP (Tweepy, TwitterSearch, etc.). Many available 
API libraries to use now.

4. Historical data and 100% data can be purchased from Twitter (but very 
expensive).

5. Rich [Metadata] tags in each tweet (time stamp, user, follower, platform, time 
zone, text, URL, Retweet, language, devices).

Other possible social media APIs:  Flickr, Instagram, Foursquare, Yelp, YouTube.
Why not Facebook? (Facebook Graph APIs are VERY LIMITED and PROTECTIVE. No 
Public data feedύΦ  ¸ƻǳ ƴŜŜŘ ǘƻ ƘŀǾŜ άƛƴǘŜǊƴŀƭ ŎƻƴƴŜŎǘƛƻƴǎέ ǘƻ CŀŎŜōƻƻƪ ǎǘŀŦŦ ǘƻ 
conduct research.

9ȄŀƳǇƭŜΥ  ¦ǎŜ ¢ǿƛǘǘŜǊ {ŜŀǊŎƘ !tL ǘƻ ǎŜŀǊŎƘ ŦƻǊ ƪŜȅǿƻǊŘ άHIV testέ ƻǊ άHIV testingέ
Only 1%- 7% of Tweets have X, Y GEO-coordinates (from GPS or Geo-tagged). 
But 50%- 70% Tweets have city-level locations  provided by their user profile.
Time Zone (spatial meaning)

What we can get from Twitter data?
Where to find geospatial information?
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Geo-Targeting
Data Collection
(Twitter APIs)

Analysis

Visualization

Filter
Machine 
Learning

Trend 
Analysis

Spatial 
Analysis

SMART
Dashboard

Application Programming Interfaces (API)

Data Filtering, Mining, and Visualization  

Human Dynamicin the Mobile Age (HDMA) 

Source: Twitter Search APIs Spatial Search Function to collect public tweets  
(Geo-targeted) within a city.

Keywords: άŦƭǳέ ŀƴŘ άƛƴŦƭǳŜƴȊŀέΦ

Region: 17 or 20 miles radius from the center of 31 U.S. Cities.  

Time: September 30, 2013 (Week 40) ςMarch 23, 2014 (Week 12) 

Twitter Search API: based on the user profile (locations) and gazetteers
(San Diego: include La Jolla, La Mesa, Chula Vista)  (FREE for Search APIs)

How to Collect Geo-targeted Social Media Data? 

Human Dynamicin the Mobile Age (HDMA) 

Collect Tweets from Top 31 U.S. Cities (17 miles radius)

31 different cities across the United States (chosen based on their population sizes): Atlanta, Austin, 
Baltimore, Boston, Chicago, Cleveland, Columbus, Dallas, Denver, Detroit, El Paso, Fort Worth, 
Houston, Indianapolis, Jacksonville, Los Angeles, Memphis, Milwaukee, Nashville-Davidson, New 
Orleans, New York, Oklahoma City, Philadelphia, Phoenix, Portland, San Antonio, San Diego, San 
Francisco, San Jose, Seattle, and Washington, D.C. 

Machine 
Learning

Number of tweets

10,678

5,398

4,947

4,944

3279

Total Flu tweets collected: 
307,070.
Final valid flu tweets: 88,979.

Filter and Refine Big Data (Remove Noises)
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RED Line: National ILI
Purple Line:  Weekly Tweeting Rate

Real-Time Monitoring of Flu Outbreaks in U.S. 

(National Scale ςcombined 31 Cities), 2013 ς2014 flu season

(R) value = 0.8494

Trend Analysis at the Municipal Scale (San Diego)
with the Lab-tested confirmed flu cases

San Diego:  Lab confirmed Flu 
Cases vs Tweeting Rate:
(R) value = 0.9331

Next Step:

Monitor Flu Outbreaks 

in Real-Time? 

The HDMA Center developed  the SMART Dashboard:

SMART Dashboard: Social Media Analytic and Research Testbed
http://vision.sdsu.edu/hdma/smart/(Beta)  

SMART Dashboard

Real-time social media analytics (Trend Analysis, Word Clouds, Top URL, 
web pages, Top Hashtags/Mentions/Stories).

Social Media Analytic and Research Testbed
http:// vision.sdsu.edu/hdma/smart/

YouTube Video for 3 Mins

http://vision.sdsu.edu/hdma/smart/
http://vision.sdsu.edu/hdma/smart/
https://www.youtube.com/watch?v=NaUhMZJysHM
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CDC Influenza Positive Tests, National Data Summary, 
through Weeks 40-3, 2014-2015 Season

# of Filtered ILI Tweets, Top 30 US 
Cities, as of February 9, 2015
(from SMART dashboard)

Only 1% -4% tweets has Geo-tagged 
coordinates.

Problems!!!  Twitter 

broke its Search APIs on 
11/20/2014 and only 
returned Geo-tagged 
tweets only. (Reduce 
90% -95% of tweets 
collected) 

Tracking Flu Outbreaks in 2014/2015Flu Season

Human Dynamicin the Mobile Age (HDMA) 

2014-2015 Comparison between ILI and 
Geotagged-only Tweets among 30 U.S. Cities

Question #3:

Does any of your friends get flu last year? (YES/NO).

Does any of your friends get Ebolalast year? 
(YES/NO).

West Africa Cities

U.S. Cities

Ebola http:// vision.sdsu.edu/hdma/smart/ebola

5ƛŦŦŜǊŜƴǘ ǊŜƎƛƻƴǎ ǿƛƭƭ ƘŀǾŜ ŘƛŦŦŜǊŜƴǘ ά±ƻƛŎŜǎέ ŀƴŘ άhǇƛƴƛƻƴǎέ

http://vision.sdsu.edu/hdma/smart/ebola
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Nepal Earthquake
Monitoring social media voices and discussion about this disaster.

http:// humandynamics.sdsu.edu/NepalEarthquake.html SMART Dashboard Won the BEST METHOD PAPER Award 
in the 2015 International Conference of Social Media and Society, Toronto, 
Canada.  http:// dl.acm.org/citation.cfm?doid=2789187.2789196

SMART Dashboard Examples and Links: 
http:// humandynamics.sdsu.edu/SMART.html

Research Showcase #2:  

Real-time Situation Awareness Viewer for Monitoring 
Disaster Impacts Using Location-Based Social Media 
Messages (Twitter).

San Diego County:  Office of Emergency Services (OES)

Geo-targeted Event Observation (GEO) Viewer 1.0  
http://vision.sdsu.edu/hdma/wildfire/

Provide dynamic map display about event ground truth observation
-- linking GPS locations, texts, photos, and time.

(GPS Tweets)

Monitor Disaster 
impacts, Recovery 
Activities and ±ƛŎǘƛƳǎΩ 
Needs

http://humandynamics.sdsu.edu/NepalEarthquake.html
http://dl.acm.org/citation.cfm?doid=2789187.2789196

