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[f\\ BIG DATA
IFISC

Big Data is like
teenagers sex




f/—\\ Science Paradigms
IFISC

Fourth Paradgim, J. Gray, 2007

Thousand years ago:
science was empirical
describing natural phenomena

Last few hundred years: .
theoretical branch {a}  4nGp

using models, generalizations

Last few decades:

a computational branch
simulating complex phenomena

Today:
data exploration (eScience)
unify theory, experiment, and simulation
Information/Knowledge stored in computer
Scientist analyzes database / files
using data management and statistics



http://es.rice.edu/ES/humsoc/Galileo/Images/Astro/Instruments/hevelius_telescope.gif

f—\\ Data Science
IFISC

-What do we understand when we know everything?:

DATA ===) INFORMATION m===> KNOWLEDGE

On the face of this 'data deluge’, it has been argued we are witnessing
the end of theory and that the scientific method is becoming
obsolete:

"The new availability of huge amounts of data, along with the
statistical tools to crunch these numbers, offers a whole new way of
understanding the world. Correlation supersedes causation, and
science can advance even without coherent models, unified theories,
or really any mechanistic explanation at all."

C. Anderson (2008) The end of theory: The data deluge makes the scientific method
obsolete. Wired Magazine, see
http://www.wired.com/science/discoveries/magazine/16-07/pb_theory

http://ifisc.uib-csic.es
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Twitter Data

Sept. 11, 2013 #viacatalana
175,000 tweets
geolocalized 4,600
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Data Mining: 15-25 Mill. Tweets/day

http://ifisc.uib-csic.es/humanmobility/


BCN/viacatalana.mp4
http://ifisc.uib-csic.es/humanmobility/
../../../docencia/Master/complexity/socio/viacatalana_ifisc_2014.mp4

Twitter, Mobility and City Influence
J. Royal Society Interface 12, 20150473 (2015)
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movies human diffusion/mall.mp4
movies human diffusion/lon.mp4

///‘\\ ELECTRONIC TRANSACTIONS
IFISC

BBVA

Finantial Footprints: Transactions in Real Time... Share ¥ Moreinfo
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http://www.youtube.com/watch?v=Zeléwych9p0


Finantial Footprints_ Transactions in Real Time. Easter's Spain 2011.mp4
http://www.youtube.com/watch?v=Zel6wych9p0
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https://www.centrodeinnovacionbbva.com/contents/6270-la-semana-santa-en-tiempo-real
http://eunoia-project.eu/

f\ EUNOIA: Scope and Objectives
'IFISC

The overall goal of EUNOIA is to take advantage of the opportunities brought by smart
city technologies and complex systems science to develop new urban models and ICT
tools empowering city governments and their citizens to design better mobility policies

e ICT e Urban models
e Smart Technologies e Microsimulation tools

e Spatial and Temporal e Land use-transport

Resolution interaction

e Barcelona ¢ Visualization

e London * Policy assessment

e Zurich

http://ifisc.uib-csic.es



EUNOIA Data

STREETS OF BBVA  Barcelona Maximum transactions, average

TJelefonica

Telefonica 1+D '

Transport Card London

Electronic transactions

*GIS Data

*Census and conventional
information from Local Authorities on
mobility and transport.

2.1 Geographical data (GIS files)
[}
Surveys 22 Land use
2.3 Surveys and census

(Barcelona)  zaranspon IFISC data repository

2.5 Geolocated Twitter
L

Fllename City Description

Barcelona_tweets_20130523.zip Barcelona | Geolocated tweets in BCN.

Barcelona_network_20130523.zip Barcelona | Follower network between users posting gelocated
tweets in BCN.

London_tweets_20130523.zip London | Geolocated tweets in London,

i
. 3 London_network_20130523.zip London | Follower network between users posting gelocated
tweets in London.

Geolocalized Twittéer )

http://ifisc.uib-csic.es



Telefonica 1+D

Cell phone data

Gijon Santander .
_ Donostia

Coruna Oviedo Bilbao i

Vitoria Pamplona

Leon

."Valladolid Zaragoza Barcelona
1
Salamanca ‘ Castellon
Madrid =
? Palma .
Cordoba Murcia #a T Elche
Sevilla Granada
Cartagena
i ) Santa Cruz 3
O de Tenerife ﬁ
oS p M
’ &
Las Palmas

31 urban areas with more than 200,000 inhabitants
55 days in fall 2009

Number of users (per hour): on average 2% population (max 5%)
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4580000 4590000 4600000

4570000

IFISC

Teefonica

Telefonica I1+D

Barcelona Monday 00H -> 01H

CELL PHONE DATA

Time distribution #users/km?

Palma Monday 00H -> 01H
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//—\ DATA: Electronic transactions
IFISC

Provinces of Madrid and Barcelona in 2011-12

130 M of transactions
3.5 M of BBVA customers
320,000 businesses

BBVA



https://www.centrodeinnovacionbbva.com/contents/6270-la-semana-santa-en-tiempo-real

' - TWITTER DATA

15-25 Mill. tweets per day. 1 year
1,4 Mill. geoloc in BCN @ Roead (b)

25,000 users geolocalized in BCN Railway

6 Mill. ge"oloc. in LON Tweets on the road, M. Lenormand et al
260,000 users geolocalized in LON PLoS ONE 9(8): €105407 (2014)



m EUNOIA DATA
(s

Is this good data? Validation

How can we use it to replace traditional sources of data?

What can we learn from it?



Phone

Barcelona Weekdays 00H->03H

Twitter

Barcelona Weekdays 00H->03H

Twitter vs. Phone vs.
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r =0.998

EUNOIA: Validation of ICT data

POF

PLoS ONE 9, 105184 (2014)
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http://ifisc.uib-csic.es




“Jelefonica

Telefonica 1+D

ODs from mobile phone data

Trip distribution

LOW COST ODs

Trip distribution (Barcelones) Phone vs. Su rvey Intra-zone trips (Municipalities)

J?‘ \o&

\
g

WEMEF
MPM

90,00%

EMPM
WEMEF 2009

Alt Pemedes  Valles Oocidental — Maresme: Ban:llnm:st Valles Oriental  Barcelones

http://ifisc.uib-csic.es



Mumbar of users

1e+05 150000

SO000

IFISC

number phone users per hour
during an average weekday
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Telefonica 1+D
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From Data to Urban Knowledge
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http://eunoia-project.eu/
https://www.centrodeinnovacionbbva.com/contents/6270-la-semana-santa-en-tiempo-real

f\ From Data to Urban Knowledge
IFISC

Hotspots:

“Jelefonica

Telefonica 1+D

http://ifisc.uib-csic.es


BCN/barcelona_phone.mp4

From Data to Urban Knowledge

Hotspots and Polycentric cities
Sevilla (1/./200.000) Granada (470.000)

Scientific Reports 4, 5276 (2014)
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http://ifisc.uib-csic.es



/\ From Data to Urban Knowledge
//;;SC ‘ Nature Communications 6, 6007 (2015)

HOME WORK Structure of flows in Spanish cities
Resid Work
orsp . hotspaots
R . e 00
. ° .
Population
Cordoba Zaragosa Valencia Madrid
Gijon Malaga Sevilla Barcelona
Vitoria
R 27% 36% 41% 46%
I 43% 37% 31% 25%

Increased possibility to commute
from anywhere to anywhere in bigger cities

Dominance of R flows in large cities
confirmed in Oyster card data for London



From Data to Urban Knowledge
*||:|Sc M. Lenormand et al., Royal Soc. Open Science (2015) arXiv: 1503.06152

Landuse from the functional network of the city

logistics night life
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http://eunoia-project.eu/

From Data to Urban Knowledge

M. Lenormand et al., Royal Soc. Open Science (2015) arXiv: 1503.06152

Landuse from the functional network of the city

Network approach to determine land-uses from mobile phone data

Automatic detection of 4 main land use whose relative proportions
are very close from one city to another
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Landuse from the functional network of the city
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From Data to Urban Knowledge

M. Lenormand et al., Royal Soc. Open Science (2015)arXiv: 1503.06152
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f_\\ BBVA Data vs Census
‘IFISC M. Lenormand, et al. Sci. Rep. 20 May 2015

Gender Age Occupation

0.8 -
E BBVA @ BBVA

O Census O Census

Proportion of customers

Man

Woman
Student
Unemployed
Employed
Homemaker
Retired

http://ifisc.uib-csic.es



Sociodemographics of mobility: occupation
M. Lenormand, et al. Sci. Rep. 20 May 2015

1
A, =\/(pi = piar)? rs:\l

Student E Student
Unemployed 3 Unemployed
Employed 1 Employed

Homemaker B Homemaker
Retired Retired

i

T *‘v—v—v—n—

http://ifisc.uib-csic.es



f_\\ Mobility from electronic transactions
*IFISC M. Lenormand, et al. Sci. Rep. 20 May 2015
Influence of sociodemographic characteristics on human mobility

Man Distance (km}
Woman
115,301
130,45]
145,601
160,73]
=75
Employed
Unemployed
Retired
Student
Homemaker
Total

Health
Total

Fashion

Food / Hypermarkets
Technology
Transport

Travel Agencies

Weliness / Beauty

Purpose of travel =—>

Bar/ Rastaurant

Automaotive industry
Book / CD/ Stationery

http://ifisc.uib-csic.es
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EUNOIA: Modeling and Simulation Platform

Agent Based Modelling

700628

Londa

New type of input data (mobile phone, oyster card...)
Integrate social relationships: Social network

Joint decisions: interindividual interactions. Game theory for social coordination

Joint resources: Bycicle module


movie-2015-01-14_18-40-08_1min.mp4
https://vimeo.com/119354430

BARCELONA

eBike redistribution

e\What if scenarios

EUNOIA Case studies: A tale of three cities

LONDON ~ ZURICH

BARCLAYS CYCLE HIRE ' ™

‘\ “Pv\ ‘\ 1‘" %’.

eConventional + nonconventional data
e|mplementation of bike MATSIim module
e|mplementation of visualization tool



{/—‘\\ EUNOIA Case studies: A tale of three cities
IFISC

BARCELONA LONDON ~ ZURICH

1400 | @

NUMBER OF TRIPS: ..- y

19565 9211 48.4%

Active Bikes in Active Docks

¢Joint choice:
-escort to school
eUphill/downhill trips _leisure travel
eVisualization e Uphill-downhill

eMobile Phone data input *Oyster card data input


http://www.nommon-files.es/eunoia-visualization/

F\ BEFORE AND AFTER EUNOIA
IFISC

Validation of ICT data for urban mobility

New methods of data analysis for urban mobility

New ICT Data driven approach to modeling and microsimulation

> Results call for a radical change of urban policy praxis
by the use of new, cheap, non-aggregated ICT data



f\ Some practical challenges
IFISC

Data: -Multilevel and multiscale
-Data mining vs Data analytics
-Data driven vs. Question driven
-Data privacy
-Data sharing/property: Academics, Companies, Government

Limits of prediction/forecasting vs decision making

Science in support of policy options:

-Policy makers are generally not interested in discussing challenges
unless they come with solutions.

-Policy makers are interested in a single answer, but a single answer often is
not found



/—\ The end of politics?

MO 03 MOLESTELS €M VAGTAR, GOBIERANA UN ALGORITMO

N IA

Do not care to vote, an algorithm is in charge!



ﬁ Science Challenge
'IFISC

What do we understand when we know everything?

Data analysis: 2nd great age of mapping

Science as the art of abstraction:

"What do you consider the largest map that would be really useful?" "About six inches to the mile."
"Only six inches!" exclaimed Mein Herr. "We very soon got six yards to the mile. Then we tried a
hundred yards to the mile. And then came the grandest idea of all! We actually made a map of the
country, on the scale of a mile to the mile!" "Have you used it much?" | enquired. "It has never
been spread out, yet,"” said Mein Herr: "The farmers objected: they said it would cover the whole
country, and shut out the sunlight! So now we use the country itself, as its own map, and | assure
you it does nearly as well (From Lewis Carroll)

Questions and answers:

Computers are useless: They only provide answers! (Pablo Picasso)

http://ifisc.uib-csic.es



SPURIOUS CORRELATIONS

US spending on science

£30 billion

£25 billion

£20 billion

£15 billion

1999

1999

US spending on science, space, and technology

2000

2000

2001

2001

Science Challenge

correlates with
Suicides by hanging, strangulation and suffocation

Correlation: 99.79% (r=0.99789126)

2002 2003 2004 2005 2006

2002 2003 2004 2005 2006

-8~ Hanging suicides

-+~ US spending on science

2007

2007

2008

2008

2009

2009

10000 suicides

8000 suicides

sappins 8uSuey

6000 suicides

4000 suicides


http://www.tylervigen.com/
http://www.tylervigen.com/spurious-correlations

Herbert A. Simon

The Sciences of the Artificial

1969 Third Edition

Herbert A. Simon

-Nobel Prize in Economics
decision-making process
(1978)

-Founding father of
Artificial Intelligence

Bounded Rationality
Complex Systems

Participatory Challenge

What we ordinarily call "style" may stem just as much from
these decisions about the design process as from alternative
emphases on the goals to be realized through the final design.

When we come to the design of systems as complex as cities,
or buildings, or economies, we must give up the aim of
creating systems that will optimize some hypothesized utility
function, and we must consider whether differences in style of
the sort | have just been describing do not represent highly
desirable variants in the design process rather than
alternatives to be evaluated as "better" or "worse."

We have usually thought of city planning as a means
whereby the planner's creative activity could build a
system that would satisfy the needs of a populace.
Perhaps we should think of city planning as a valuable
creative activity in which many members of a community
can have the opportunity of participating if we have wits
to organize the process that way.
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