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Data, Concepts and Models of

 Geography: (big) geo-data, concepts,
models, location analytics, spatial data
mining, visual analytics, ...

* GIl-Science: semantic web, linked open
data, GIS-modeling, ...

« Data Analytics: methods from guantitative
geography extended by visual, predictive,
prescriptive and explorative aspects,
business analytics, data science
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(Big) Geo-Data today

 Books, literature data bases

« Digital maps and web maps, media repositories (images,
films, videos)

« Volunteered (VGI) or citizen data

« Statistical data, geodata-repositories

« Remote sensing data, (real time) sensor data
« Communication data and metadata

« Personalized data (self tracking data, shopping cards,
social networks, ...)

e Geodatainfrastructures, GeoWeb,

Most having spatial reference (locational
Information, addresses, geotags), time
reference and cross-linking
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BIG DATA are today
(Definition 2015)

« A valuable and ubiquitous datapool (structured,
unstructured,

« Often useable and combinable

« Suitable for complex queries and analyses

* Mostly similar to a population (not a sample)

* Blurred

« Highly up-to-date

« Usable for inductive model building, for prediction
and prescription

* Primarily useful to answer ,what"” and less ,why"
guestions
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Modelling categories In
(Human-) Geography
» Description (visually, statistically, Spatial Data
Mining)
- Classification (supervised, unsupervised, ...)
» Location / Allocation (sites, paths, hinterlander,

...
* Assessment (MADM, MODM, ...)

 Interaction (Wilson models)
» Diffusion (Markov, differential equations, CA)
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Getis & Boots 1978: Models of Spatial Processes

Peter Mandl, AAU
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Today: Location Analytics

« Explorative spatial data analysis
* Visual Analytics
« Spatial Data Mining

« Multivariate Quantitative Geography (e.g. Crime
Analysis, Spatial Econometrics, Spatial Data Analysis)

« Locational analysis
. Space/Tlme Analysis (e. g Earth Trends Modeller)
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http://www.esri.com/products

Data, Concepts and Models of

 Geography: (big) geo-data, concepts,
models, location analytics, spatial data
mining, visual analytics, ...

* Gl-Science: semantic web, linked open
data, GIS-modeling, ...

« Data Analytics: methods from guantitative
geography extended by visual, predictive,
prescriptive and explorative aspects,
business analytics, data science
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Data, Concepts and Models of

« Geography: (big) geo-data, concepts,
models, location analytics, spatial data
mining, visual analytics, ...

* GIl-Science: semantic web, linked open
data, GIS-modeling, ...

« Data Analytics: methods from
guantitative geography extended by visual,
predictive, prescriptive and explorative
aspects, business analytics, data science
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Terms

* Analytics, Forecasting

» Descriptive, predictive, prescriptive
analytics and modelling

« Data Warehouse

* Webintelligence, Business Intelligence
« Knowledge discovery

« Data Science

Peter Mandl, AAU »Opatial Data Science®: Linking Geography, GI-Science & Data Analytics 14



Methods of a
»Data Science” L

1 " DESCRIBE
\ PAGE 67

Bolan [ 2 | DISCOVER
A Scie 7= ) "/ PAGE 68
) THE FIELD GUIDE 1 Cle nce
2 DATA SCIENCE ( !
[ 3 PREDICT
,' PAGE 69
| ADVISE
/ ~PAGE'70
Booz | Allen | Hamilton
TRANSFORMING LEARNING PREDICTIVE
Aggregation  Enrichment Processing Regression Clustering  Classification Recommend Simulation  Optimization

Source: Booz Allen Hamilton

Classes of Analytic Techniques
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Cross Industry Standard Process for
Data Mining (CRISP-DM)

Business. (
Understanding

Pete Chapman, Julian Clinton, Randy

Data
Understanding

N Kerber, Thomas Khabaza, Thomas
~ Reinartz, Colin Shearer and Rudiger
Prepataton Wirth (2000): CRISP-DM 1.0 Step-
I Tl by-step data mining guide. SPSS
Inc.
Modeling

Evaluation

Figure 2: Phases of the CRISP-DM reference model
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Development of a Spatial Data
Science

In a Spatial Data Science

spatio-temporal problems using established
and new tools from the mentioned linked
research fields are solved
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What is to do?

Use New Science Paradigms
« 4 scientific paradigm of an e-science (data exploration approach)

 http://research.microsoft.com/en-us/um/people/gray/talks/NRC-
CSTB eScience.ppt

Design Suitable Concepts and Frameworks

* http://www.esri.com/news/releases/12-3qtr/carl-steinitz-explains-qgeodesign-
process-in-new-esri-press-book.html

Use Analytics Tools and Methods
» rapidminer.com/

Integrate Visualization
e CommonGIS
o http://www.iais.fraunhofer.de/1871.html

Apply More Spatio-Temporal Modeling

 |IDRISI or TerrSet
 www.clarklabs.org/
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Use New Science Paradigms

 Thousand years ago:

science was empirical
describing natural phenomena

« Last few hundred years:

theoretical branch
using models, generalizations [

 Last few decades: :

a computational branch
simulating complex phenomena
« Today:
data exploration (eScience)

unify theory, experiment, and simulation
— Data captured by instruments
Or generated by simulator
— Processed by software
— Information/Knowledge stored in computer

— Scientist analyzes database / files
using data management and statistics

Jim Gray, Alex Szalay, eScience—A Transformed Scientific Method, Presentation to the Computer Science
and Technology Board of the National Research Council, Mountain View, CA, 11 January 2007; see
http://research.microsoft.com/en-us/um/people/gray/talks/NRC-CSTB_eScience.ppt.



Design Suitable Concepts and
Frameworks

REPRESENTATION
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f watch/0412/a-conversation-
i o with-carl-steinitz.html
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Use Analytics Tools and Methods
rapidminer.com/
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Other Geo Tools

,Geo"-Software, which is based on Big Data
approaches - like Spatial Data Mining or
Geospatial Visual Analytics:

http://www.csiss.org/clearinghouse/select-
tools.php

Special example: Common GIS
http://www.iais.fraunhofer.de/1865.html
(Educational Version is free of charge)
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Integrate Visualization

CommonGIS
http://www.lals.fraunhofer.de/1871.html
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Apply More Spatio-Temporal Modeling

IDRISI or TerrSet

www.clarklabs.org/
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FlyOnTime.us

K FlyonTirme.us x \L — . ’

« > C flyontime.us

| e S

About Statistics Source/Data/API Airport Security

Fly .us

Find a Route

1 From: (city or airport) To: (city or airport; optional)
sfo ifk Search ==
- | i | (Search 2]

Example route: LAX te SFO is 61% on-time and 3 min. early on average

Find An Airline/Flight
Find r!?e most on-time flight between Rirline: Flight #: (optional)
two airports or check how late your
flight is on average, in good weather |Select Airline EI | ‘ (Search >> |
and bad, before you leave.
Security Lines Site News
/S'.ee T G S RS AG H P \ gsfdcilg u‘.;‘i?jiié;ime statistics for March 12, 2011. Mentioned in The New York Times.
Il ¥ .
Data on this site is derived from: March 14, 2010. Mentioned on National Public Radio.
The Bureau of Transportation Statistics via data.gov You can also contribute by July 21, 2009. Mentioned in The Washington Post.
- - notifying us when you get )
The Federal Aviation Administration on line and then past June 24, 2009. Mentioned in The Politico.
The National Oceanic and Atmospheric Administration security V!a Twitter or from cflicoe®
your mobile phone. o

ngle Like rou /

Terms of Use
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Best Days and Times to Fly from SFO

Based on all flights originating at San Francisco, CA San Francisco International,

Day of Week Time of Day

12 am ]
1 am
5 am I —
6 am —
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10 am
11 am
12 pm
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2 pm
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4 pm
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6 pm
7pm
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9 pm
10 pm
11 pm

Manday
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sunday

o
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23]
o
fal]
o]
o
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o
ha
[=1
I
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m
[=1
o
[=1
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% of Flights % of Flights

W CnTime [0 =20 min. Delay W Cn Time [0 =20 min. Delay
W 5-20 min. Delay M CancelledDiverted W 5-20 min. Delay M Cancealled/Diverted

Holiday Delays at SFO

Based on all flights originating at San Francisco, Ca&: San Francisco International,

Holiday Averge Arrival Be Prepared For Cancelled

Maost Days 11 rain. early 20 min. late 3% ]
Day Before Memorial Day (328 fliahts) 13 min. early on time 1% I
Memorial Day (367 flights) & min. early 26 min. late 1%

Day After Memaorial Day (391 flights) 6 min. late 71 min. late 2%

Labor Day (403 flights) 12 min. early 1 min. late 0%

Wednesday Before Thanksgiving Day (396 flights) 6 min. early 12 min. late 0%

Thanksgiving Day (285 flights) 11 min. early 7 min. late 0% T
Friday After Thanksgiving Day (317 flights) 12 min. early 3 min. late 0%

Saturday After Thanksgiving Day (371 flights) 1 rmin. late 43 min. late 1%
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http://www.google.org/flutrends/at/#AT

D Google Grippe-Trends | Oste %

€ 2> C  [Jwww.google.org/flutrends/at/#AT <y

google Org Grippe-Trends Sprache: [Deutsch

~
v =

%?W—!M(a“f Grippe-Trends analysieren - Osterreich Grippe bekimpfen
. . s Grippe wird durch Husten und Miesen
Google hat festgestellt, dass die Haufigkeit bestimmter Suchbegriffe Anhaltspunkt fir die Haufighkeit - .
Denguefieber-Trends von Grippefallen sein kann, For die Google Grippe-Trends werden Daten der Google-Suche u_tjn}nrilgenmhnlwgt dehn folgipden drSe_l d
Grippe-Trends gesammelt und ausgewertet. Auf Grundlage der Ergebnisse wird anschlieilend die Haufigkeit van :\m e E” N H'E me_nd Hnnen Sie fas
Grippefallen geschatzt. Weitere Informationen » nsteckungsriziko mindem:
Startseite 1. Husten/Miesen Sie in die Armbeuge
) oder in ein Taschentuch.
| Ostensich v Landesweit ®2013-2014 & Yorjshre v 2. W¥aschen Sie sich dfters die Hande.
sehr haoh 3. Bleiben Sie zuhause, wenn Sie sich
|Landeswe\t V|

krank fithlen

Daten herunterladen Ziehen Sie bei Bedarf einen Arzt zu Rate.

. - » European Influenza Surveillance
Wie funktionier's? Luropean Inflenza surveriance
hoch €CoC Network
Haufiy gestellte Fragen -
mittal
medrlg\/\/_ Animierte Grippetrends in Google
minimal Earth
Jul Aug Sep ot How  Dez  Jan Feb  Mar  Apr Mai  Jun Laden Sie hier Daten von Google Grippe-

Trends in Google Earth herunter und
untersuchen Sie sie. Sie haben noch kein
Google Earth? Laden Sie es hier herunter.

Tabelle einbetten

“erwenden Sie diesen Einbettungscode,
wenn Sie die Tabelle in lhre Yebsite
integrieren machien.

Die Schatzungen wurden auf Grundlage eines Modells erhoben, das mit offiziellen historischen
Daten zur Grippe-Haufigkeit abgeglichen und als korrekt befunden wurde. Die Daten sind bis 18.
Movernber 2013 aktuell.

2011 Google - Google.org - Startseite (auf Englisch) - Mutzungsbedingungen - Feedback geben |

3
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What is to do?

Use New Science Paradigms
« 4 scientific paradigm of an e-science (data exploration approach)

 http://research.microsoft.com/en-us/um/people/gray/talks/NRC-
CSTB eScience.ppt

Design Suitable Concepts and Frameworks

* http://www.esri.com/news/releases/12-3qtr/carl-steinitz-explains-qgeodesign-
process-in-new-esri-press-book.html

Use Analytics Tools and Methods
» rapidminer.com/

Integrate Visualization
e CommonGIS
o http://www.iais.fraunhofer.de/1871.html

Apply More Spatio-Temporal Modeling

 |IDRISI or TerrSet
 www.clarklabs.org/
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Additional Material

Slides:

« Shashi Shekhar (2014): Spatial Data Science:
Challenges & Opportunities
http://www.nist.goV/itl/iad/upload/Shashi-
Shekhar-14-3-CCC NIST WEB.pdf

> Maggi Kelly (2014): Spatial Data Science: the
21st Century Mapping Toolkit

https://www.youtube.com/watch?v=qWOp1l1CE4S
0
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To a Data-Driven Geography
or Spatial Data Scence?

« In a Spatial Data Science we have to consider
— Errors / Calibration / Privacy protection / Prediction without
explanation?
« Granularity of he data (resolution) and Accuracy

* Interoperability of the programs, data, models and
methods is to be established.

 The Big Data have to be used multiple and have to be
combined and linked.

 Many Best Practice Examples have to be done and the
models have to be distributed and offered via internet
Interoperably.

 Use aformal language or ontology to describe the new

approach of Spatial Data Science.

See also: Harvey J. Miller & Michael F. Goodchild (2014): Data-driven geography. In: GeoJournal
http://link.springer.com/article/10.1007/s10708-014-9602-6
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Thank you very much for
your attention!

Questions and Suggestions please to:
peter.mandl@aau.at

Informations at:
http://giscience.aau.at/
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