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Farm Automation
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Farm % of Total US Employment

Farm Jobs, 2% of Total U.S. Jobs
1790 to 2011
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Digital transformation refers to the profound changes taking place in
the economy and society as a result of the uptake and integration of digital
technologies in every aspect of human life.




MAJOR CHALLENGES FOR SOCIETY TO

WHICH SCIENCE SHOULD RESPOND
International Science Council: Action Plan 2019-2021
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es s Sclence Council

et Today’s digital technologies are a good
ADVANCING SCIENCE AS example of a ‘general-purpose

A GLOBAL PUBLIC GOOD technology’ that continually transforms
ACTIONPLAN2010 - 2021 itself, progressively penetrating almost
all domains of private and public life.

It disrupts existing patterns of behaviour,
organization and production and boosts
productivity across all sectors and industries
because of its cost effectiveness, with
profound economic and social implications.

It has ushered in a new era of data driven
science, with concomitant pressures for
change in the social organization of science.
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The Digital Revolution
Doma/n 2 in the ISC Action Plan 2019-21

R ,_‘,_:J-":’ Global society is in the throes of a digital
- * e e revolution that has transformed the way in
& . THEDI (B el 4 which information and knowledge are acquired,
Wi J-REVQL%E o B stored, communicated and used.
M ¢ This revolution is distinguished by its speed, its
RIM%- global pervasiveness and its disruptive
o I@FS | consequences.
ol .-*ﬁi | There are few areas of individual, commercial, social
¥ 1" /@ or political action that are unaffected.
M It poses powerful opportunities and radical
| challenges both to science and to society to
8l adapt in ways that maximise beneficial and

minimise negative outcomes.

_ Data-driven interdisciplinarity
|« Global data resources and governance
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Most important technologies contributing to Digital Transformation

0L A PALE WMTOAL B PORT On PoANC AL TIOMNOLOG Y

The
. Economist
Table 2: Top 15 technologies of 2025 -
rtificial intelligence
1 Artificial Iﬁtﬂ]ligﬂﬂﬂe. Al'ﬁﬁ ' = Difference Engine: Luddite legacy
:2 lﬂtemEt Gf Tt]tngsfsmart Th |ngs y m ~~ "ij ¥ Is smart technology now destroying more jobs than it creates?
3 Robotics/Automation
INSIDE THES WEEX: TECHNCLOGY QUARTERLY
4 Cybersecuri The  mviim
1_"" Y i ECONOMIST  rmewi tompems sursr
5 Big data/analytics Wi
6 Energy storage/Batteries Horals and the machine
. Teaching robots right from wrong

7 Blockchain -
8 5G o]

9 Cloud The return of the machinery question

10 FinTech memplogantor e ey s o gt some e
11 Battery-less/energy harvesting
12 Augmented/mixed reality
13 Voice assistants/VPA
14 3D printing

15 Virtual reality
Source: IDATE DigiwWorld
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Digital Earth vs Digital Twin

Digital twins are virtual replicas of physical devices that
~data scientists and IT pros can use to run simulations
#+ « before actual devices are built and deployed. They are also
& changing how technologies such as IoT, AI and analytics @
& are optimized.

https://www.networkworld.com/article/3280225/what-is-digital- https://blog.eduonix.com/internet-of-things/digital-twin-nev
twin-technology-and-why-it-matters.htmi big-strategic-rise-iot/
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Major Challenges for Digital Earth

 Big Data Management

Huadong Guo  DE Platforms implementation and

Michael F. Goodchild .
Alessandro Annoni Editors ConStrU Ct|0n

Manual of  Developing an Ecosystem for DE
Digital Earth » Addressing Social Complexities

e Diversified curricula toward DE
Education
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Technologies relevant for Digital Earth

« IoT
Huadong Guo o BIOCk Chain
Michael F. Goodchild . . .
Alessandro Annoni Editors e Virtual Rea“ty / Augmented Reallty
Manual of e Artificial Intelligence
Digital Earth « Hyper Connectivity

 5G, Fog/Edge computing

e Progress in computing and
microelectronics

 In memory computing...

European
Commission




Data Explosion B 2
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Data Vs Computing Power

The Cambrian Explosion...of Data

Data Growth

ﬁanmo 400/0 per year
2 o £ .‘ } CPU Processing Power
R _N 1 i 20% per year
: & I S T« : moo= -: : a, % q
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= Structured Data @ Unstructured Data

Silicon-Born-
. Al on single
Dedicated Al Chip

accelerators +
smart sensors

Technological solutions emerge

 New powerful chips

®
e Edge and Fog computing General Purpose
. Microcontrollers
* Quantum computing ... ‘ N [ European




Energy consumption

Main components of electricity consumption for the ICT sector

2012 2017

B Devices B Devices

B Data Centers B Data Centers
Metworks MNetworks
Manufacturing Manufacturing
Main components of electricity consumption for the IT sector, Mamn components of electricity consumption for the [T
2012. From “Emerging Trends in Blectricity Consumption for sector, 2017 estimate. From "Emerging Trends in Electricity
Consumer [T Consumption for Consurmer ICT™

source: IEEE STC on Sustainable Computit




Data ecosystem (economic vs technogical view)

Data -- Data collection, access to
Elements of Ecosystem data

N
|

Infrastructure -- Definitions,
regulations, unique identifiers,
interoperability to ensure sharing,
accessibility, security, and privacy.

Stakeholders
Individuals

Communities

Government

Funders ”
NPOs

Companies Bridges and supports for capacity
-- Technical assistance, more highly
skilled workforce to use tools &
technological bridges that increase

use of data

Data-informed culture -- Decision
makers, policies, attitudes, N 2
behaviors

Graphic created by Network Impact, informed by Markets for Good ™M
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Societal
Platforms

(and Ecosystems)

Key Enabling
Technologies
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Data value chain vs Datafication paradigm

data2yXP @\%

DATA VALUE CHAIN Datafication Paradigm

* Partner with * Extract insights * Partner with * Reduce time-cost * Achieve first * Build habits of
other producers from data infomediaries of data use end-use of data data use

«Harness new « Visualize data * Publicize data *Encourage perc- * Receive initial e Increase interest
data sources in clear manner availability eption of value user feedback in data production

D%

Resources and Ze)
transactions

Virtualization

(including HPC)

c— A - Q@@ COLLECT

Digital footprints
and data collection

N\
slq%\.s\}
974
~

« Consult with «Ensure data are « Provide machine- « Use technology *Promote data «Track tangible —
future users interoperable readable data to connect to users use culture behavior changes
« Determine levels « Achieve high-quality « Data accessible *Re-process data «Encourage data «Identify data- Bt
of granularity and protected privacy online and offline for new insights use for decisions driven policies H\/perfcon n QCthIt\/
@ (Cloud-enabled)
PRODUCTION USE Data centers INTERPRET

User richer experience
provision (Profilation)

increasing value of data

Roadblocks for production include lack of financial, Roadblocks for use include low political support; lack
human, and technological resources; low data literacy; of data relevance to decisions; poor quality; lack of
lack of trust between users and data collectors; blind- trust in government data use; no rewards or results of
spots in data gaps; lack of country ownership; and lack data use; financial constraints; corruption; data silos;
of government desire for transparency. and lack of partnerships between infomediaries.
MARKERS Potential achievements within each process of the value chain mark progress towards data impacts.

Source: https://opendatawatch.com/publications/the-data-
value-chain-moving-from-production-to-impact/
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(networked) Supply chain ecosystem

Privacy Transparency Ethics

Trust

[

DE Platform Ecosystem On-demand

Business Intelligence
Services

Social
Utility Function

Insights Insights - ,‘ 0y
Generation Provision .
i
)

3 Data
. Enhancement
¢ (for analysis)

Network

Datafication & Virtuag

Data
Collection
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Blockchain

Blockchain — just like data
science — is gradually
transforming the way several
industries operate. And while
data science focuses on
BLCKCHAIN " | harnessing data for proper

ATA QOIEN — v 2 N administration, blockchain
& DATA SCIENCE ensures trust of data by
maintaining a decentralized
ledger.

www.oodlestechnologies.com
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Fog and Edge computing
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Opportunities: e.g. Artificial Inteligence

Al is automation Quality of work will improve

Better decision making
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Readiness and Maturity of the technologies

ImageNet (2010 —2018)
Source: ImageNet; see appendix

== IMmageNet competition test set accuracy ImageNet 2012 validation set accuracy
== Human performance
100%
90%

Accuracy

_— | Object detection: ImageNet

70%
2010 2012 2014 2016 T 2018
ImageNet
competition ends
in 2017 European
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New challenges

e Sustainability

Huadong Guo o Eth|CS and Security
Michael F. Goodchild

Alessandro Annoni Editors ° D|g|ta| Governance

Manual of
Digital Earth
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Societal and ethical impact

758 MOBILE CONNECTIONS vs. PEOPLE

ACTIVE MOBILE TOTAL WORLD

SUBSCRIPTIONS POPULATION INTERNET USE: DEVICE PERSPECTIVE

BASED ON ACTIVE INTERMNET USER DATA, AND ACTIVE USE OF INTERNET-POWERED MOBILE SERVICES

% @ TOTAL NUMBER INTERNET USERS AS TOTAL NUMBER MOBILE INTERNET USERS

OF ACTIVE A PERCENTAGE OF OF ACTIVE MOBILE AS A PERCENTAGE
7.324 7.280

INTERNET USERS TOTAL POPULATION INTERMNET USERS OF TOTAL POPULATION
BILLION BILLION

We Are Social - Sources: GSMA Intelligence, Worldometers

4.388 3.986 52%

BILLION BILLION

0 « _We
G Hootsuite are.




Societal and ethical impact

Privacy
and data
| protection

Individual /

impact

Fairness and
“,‘ equity
— .‘l\ >
Cumulative . ——— Collective
knowledge as i ' hurnan
‘\. a common identity and

e good life

" societal A\

impact

/' Responsibility,
| j/accountability
and
\ transparency

b

“: Democracy
and trust

\

j Surveillance/
datafication
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Face Recognition
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Tecnolgy my raise ethical concern

B E 'n Sign in News Sport Reel Worklife Travel Future

NEWS

Home Video World UK Business Tech Science Stories Entertainment & Arts

Technology

San Francisco is first US city to ban facial
recognition

By Dave Lee
Morth America technology reporter

© 15 May 2018 B f © w [ < Share

Legislators in San Francisco have voted to
ban the use of facial recognition, the first
US city to do so.

The emerging technology will not be allowed
to be used by local agencies, such as the
city's transport authority, or law enforcement.

With this vote, San Francisco has declared
that face surveillance technology is
incompatible with a healthy democracy and
that residents deserve a voice in decisions
about high-tech surveillance,"
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Trust in technologies

Algorithmic Authority

hitting the trailer
and traveling
under it

Regulation vs

Innovation

fh_y
Tesla doesn't stop, 2] &

]

Trailer turns left
in front of the Tesla

-9
AJ\
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Tesla FEN
veers off :
road and strikes “;:f POWER POLE

two fences and a R

power pole

Volvo admits its self-driving cars are
confused by kangaroos

Swedish company’s animal detection system can identify and
avoid deer, elk and caribou, but is yet to work against the
marsupials’ movements




Technological Determinism: Technological
Neutralit

« It is one of the commonly held views that the computer, like all
pieces of technology is neutral it's only a tool it might be argued.
Or we could rebut this point with the statement that technology is
not neutral because it determines the course of society
through history. Technological determinism argues that
throughout history, technology has been the main cause for
changes in society.
https://www.scss.tcd.ie/tangney/ComputersAndSociety/99/StdPape
rs/P3-Revisited/doc.html
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Virtual Reality / Augmented Reality

Eiffel Tower

The Eiffel Tower is a wrought iron lattice
tower on the Champ de Mars in Paris,
France. It is named after the engineer
Gustave Eiffel, whose com
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Virtual Reality / Augmented Reality
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Virtual Reality / Augmented Reality and
Collaborative PIatform
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Big challenges for DE scientists — wrap up

« Mastering Technologies and try to use them for good
(e.g. to address sustainability issues). Bad examples
could be of inspiration (e.g. use of profiles to better target
people needs)

e Identify and address ethical and security challenges
when they emerge (e.g being ethic and secure by design)

e Provide solutions (e.g. platforms) that are
Multidisciplinary, Collaborative and Inclusive always
considering environmental and socio-economic impacts of
human actions

e Understand impact of digital transformation and
contribute to define the right digital governancegg




Conclusions

* No single definition of Digital Earth. DE is an evolving
concept to adapt to social and technological changes

« [ts main characteristic is to promote the use of digital the
technology to study and safeguard our planet and the
people that live in

 Mastering Technologies, Understanding social changes
and Addressing societal challenges should be the raison
d'etre of the DE community

 Advances in science will be relevant if and only if we can
demonstrate their value for big issues of our society
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EU Science Hub:ec.europa.eu/jrc

Twitter: @EU_ScienceHub
Facebook: EU Science Hub - Joint Research Centre
LinkedIn: Joint Research Centre

YouTube: EU Science Hub
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