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1. Island Earth

Context: Science & Society (Polynesia)

People, Ocean, Planet
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Scales of Complexity

. Tetiaroa e
« pop ~150
« 6.5 km? (land)
« “flat” atoll

Windward group -
Society Islands

e Moorea
« pop ~17,000
e 134 km?
« 1,207 m

« Tahiti
« pop ~184,000
« 1,045 km?
e 2241 m

Moorea

Data SIO, NOAA, U.S. Navy, NGA, GEBCO
Data LDEO-Columbia, NSF, NOAA

Image Landsat COOS[G earth
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Gump South Pacific . }
Research Station LTI O LR OF
Mooreaq, French Polynesia - . S R A s  CALIFORNIA

UNIVERSITY

Established 1985
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Inierdiscipliary
Physical/Chemical, Bio/Ecological, Socwl/Humomhes
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Global Collaboration

International Long-term Ecological Research Network (ILTER)
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YANN ARTHUS BERTRANDVCOREIS

Moorea has become a model system for global change
& sustainabillity science

nature International weekly journal of science

News & Comment

Research | Careers & Jobs | Current Issue | Archive | Audio & Video | For Authors

DATA HEAVEN

Moorea is one of the most studied ecosystems in the world. Myriad data collected over four decades will be used to
build a digital replica of the island that indudes its varied geography, its climate and all of its plant and animal life.

(i

. e
Social science
Government census data will be
.| combined with tourist numbers,
employment status and

economic revenue.

Peaks and valleys
Landscape model to 70-

centimetre resolution created
from satellite images.

i |

B Ocean circulation
Y Time-series measurements of
currents, waves and water
properties from an underwater
sensor array around the island.

| S—
The Moorea IDEA Project is developing climate
change scenario forecasting models

- Catalogue of life
DNA barcodes for every species
more than 1 millimetre in length.

Underwater terrain

Sea floor mapped using satellita
imagery and sonar data from
ships. Will have a resclution
ranging from 0.5 metres in the
shallows to 20 metres in the
deep ocean.

Watery secrets

Continual sampling of the
water's temperature, salinity, pH
and microbial diversity at sites
around the island, including the
Tiahura Marine Protacted Area,
shown here.

i Coral reefs
¥ Long-term trends in coral and fish
populations, including numbers
and species compasition.

?i"mrz'ﬁ:)pical paradise inspires
virtual ecology lab

Digital version of Moorea will provide a way to experiment with an entire ecosystem.

Researchers mapping the sea floor
around Moorea

Cressey (2015) Tropical paradise inspires virtual ecology lab. Nature 517:255-256.
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Key UC Undergraduate courses taught at the Gump Station

Fall - UC Berkeley: Biology & Geomorphology of Tropical Islands
Winter/Spring — UC Berkeley: Island Sustainability Semester
Spring — UCLA: Marine Biology Quarter

Summer — UCLA: The Diversity Project Summer Course




Graduate student research training at the Gump Station

NSF Research Experience for Undergraduates (REU)
awardees

LY

= PhD éond te conduc’rin her
dissertation research

w. assistantwith
their faculty advisor '

PhD candidate and his under-graduate
assistant trapping mosquitoes
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Local and Indigenous Knowledge

Building bridges between Traditional
Knowledge and Science

Can Traditional
experts cohabit
with western
science and }
nowledge ? . / « Al Moorea

Island Dlgllzﬁ E(cosyslom Avatar
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Farereira'a e te mau piahi no te fenua Vaihi mai

Ovutreach: Combining Traditional Knowledge
and Scientific Understanding in K12 Education
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Public Service: collaboration with FP Dept. Agriculture brought a major pest
insect under biological control throughout French Polynesia
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2. Island Digital
Ecosystem Avatars
(IDEA) Consorfium

Infrastructure for Democratic Ecological Action




Overview

m |sland Ecosystems: Challenges for Sustainability
m Model Systems for Sustainability
m |[DEA 1: Island Digital Ecosystem Avatars

m |DEA 2: Infrastructure for Democratic Ecological
Action




Overview

® |[sland Ecosystems: Challenges for Sustainability
m Model Systems for Sustainability
m |[DEA 1: Island Digital Ecosystem Avatars

m |DEA 2: Infrastructure for Democratic Ecological
Action




Navigating the Anthropocene

Collective Intelligence | Social-Ecological Foresight



Island Earth: Societal Challenges

Sustainability and
Environmental Justice

THE NEXT GOLDEN STATE: A 16-PAGE SPECIAL REPORT ON AUSTRALIA
Getting Spain’s protesters off the plazas

The 2 Obama, Bibi and peace
ECONOMISt  mecostyaroncance

How the brain drain reduces poverty
fconsmnt A soft landing for China

Left behind

Economic Equity and
Social Justice

Stopping sexual harassment

me The vacuum after Islamic State
Economlst AlphaGo goes it alone

Walter Bagehot on Brexit

TN N e




Island Earth: Scientific Challenges

Connecting Large Scale Change to Local Impact...




Future Paai
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Nicolas Gruber
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Basin-scale variability — local impacts: El Niflo 5y 2016

—100
T = o

% Sea-surface Temperature Anomaly = The 2015/16 El Nifio has warmed much of

7".."{-" EREW  he tropical Pacific by upward of 2°C,
including the region around Moorea.
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Coral Bleaching Forecasts April/May 2016

“ And for the central and eastern part of the
Pacific, the forecasts predict even more
threats in the coming months

o

oo s

I Bleaching 2 months forecast
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coralreefwatch.noaagov

e X :

= =720 =100

Potential Stress Level: [ |Watch [ Warning [EMAl=ct Levell [MAlect Level 2

The outlook for this April/May calls for an
Alert Level 1/Warning for the area around
Moorea, i.e., a high chance for the
development of a major bleaching event.

Healthy

Outlook for April/May 2016

154°'W 152°W 150°W 148°W

coralreefwatch.noaa.gov

coralreetwatchnoaagov




MODEL LIFE

Variation in biomass across the world simulated by the Madingley model for terrestrial and marine ecosystems. Fundamental ecological processes, encoded into simple
computational forms, determine the abundance and body mass of organisms (grouped into cohorts for simplicity) and so indicate the state of ecosystems.

Ecosystem e
state o Herbivore
§ cohort
5 « Carnivore
s cohort
.... 2 » Omnivore
_______ E cohort
Body mass
Ecological T
processes
A
[ A\
Reproduction Metabolism Dispersal
Eating Mortality Other

Purves et al. Ecosystems: Time to model all life on Earth. Nature 2013, 493:295-7.

SYSTEMWIDE COMPONENT
CONCENTRATIONS COMPONENTS AND INTERACTIONS INTEGRATION PHENOTYPE/PHYSIOLOGY

Information fluxes through

Transcriptome
= = °® signaling and regulatory networks
Data MiNiNG sy Identification of . qental data
components ® ° Qe“‘“e“ @
®
o o P
Bi0informatics sy Identification of e \
interactions ® PS
Proteome
=g S o i
. Modelin Prediction Material fluxes through
! , \ . metabolic networks

Identification of

o
[ ]

9 ‘0_ 3 . ' Modeling interaction types
- ‘ - - .
- - ./.?Q : *
Sl
M tﬁ et tpw/. \T
etabolome Quantification of @ P, . o ®
interactions o< k=0 "MMental data :

. ¢
\

Saver et al. (2007) Getting Closer to the Whole Picture. Science 316:550-551

PLANET DOWN

GENOME UP



Systems Ecology:
Island Earth

A complex problem




Reduce the Complexity
Model Systems




Systems Ecology:
Moorea Island

A tractable problem




Overview

= Model Systems for Sustainability
m |[DEA 1: Island Digital Ecosystem Avatars

m |DEA 2: Infrastructure for Democratic Ecological
Action




How to builld a model ecosystem
BIQCODE

M

3 0 S

COMPONENTS AND INTERACTIONS
2 &
1D information Identification of -
(parts list) components P

2D information

: , =

(interactions) Identification of 2
interactions ® 5

3D information

(spatial) i

4D information Identification of \(?
interaction types @

(temporal) i

Quantification of k=P 0”
interactions .\( k=0
@

Raes & Bork (2008) Molecular eco-systems biology: towards an understanding of community function. Nature Reviews 6:693-699
Sauer et al. (2007) Getting Closer to the Whole Picture. Science 316, 550



Mmaoorea
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A library of genetic markers and digital identifiers for every species of animal, plant, and fungus on the island of Moorea, this first
comprehensive inventory of all non- microbial life in a complex tropical ecosystem will provide a unique platform for the international
research community to advance scientific understandng and for local resource managers to improve conservation outcomes.
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observatories *-

COMPONENTS AND INTERACTIONS

Model Ecosystems Roadmap

e &
1D information Identification of -
(parts list) components o
2D information ¥
nteractions) Identification of )
interactions ® ®
3D information
(spatial) -
4D information Identification of \(.«
(temporal) interaction types @ )
Quantification of k= @ :
interactions o }k=0
]

Raes & Bork (2008) Molecular eco-systems biology: fowards an understanding of community function. Nature Reviews 6:693-699
Sauer et al. (2007) Getting Closer to the Whole Picture. Science 316, 550
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demosponge

thickness corresponds to % of total diet

@ shared species in diets
(only prey >1% of diet represented)

Metabarcoding dietary analysis of coral
dwelling predatory fish demonstrates the
minor contribution of coral mutualists to
their highly partitioned, generalist diet

Peer

Moorea Interactome (e.g., Food webs)

Matthieu Leray'*?, Christopher P. Meyer’ and Suzanne C. Mills'* 8



nature.

A genomic network
to monitor Earth

We propose that a network of
genomic observatories should
be established to take the
planet’s ‘biological pulse. We
invite participants to assist in
the shaping of this network (see
genomicobservatories.org).

DNA sequences are becoming
core components of Earth-
monitoring systems, and data
output is soaring from genomics
and other observing technologies
But sequence data alone are of
limited value without the context
of time and location.

Genomic observatories would
integrate genomic information
with environmental, socio-
ecological and other biological
data. Sequencing model
ecosystems would accelerate
ecological understanding.

Despite reduced sequencing
costs, genomic studies are
still expensive to analyse and
interpret, and the expense of
field collection of DNA samples
remains incompressible.
Genomic observatories would
consolidate these efforts.

These observatories must
be supported by field stations,
marine labs, museums, standard:
organizations, research networks
and sequencing centres. They
should be established at existing
scientifically important sites.
Neil Davies Gump South Pacific
Research Station, University of
California Berkeley, Moorea,
French Polynesia.

Dawn Field Centre for Ecology
and Hydrology, Wallingford; and
University of Oxford, UK.
dfield@ceh.ac.uk

The Genomic Observatories
Network (see go.nature.com/
rcusv3 for a list of co-authors).

genomgc
STANDARDS consortium

b

= Oxford, Sept. 2012
First infernational GOs meeg

eno rpuc £
arorie

observ Ly

Davies et al. GigaScience 2012, 1:5

http://www.gigasciencejournal.com/content/1/1/5 (Glg A)n
CIEN<.E

REVIEW Open Access

A call for an international network of genomic
observatories (GOs)

Neil Davies'? Chris Meyer®, Jack A Gilbert®, Linda Amaral-Zettler®, John Deck’, Mesude Bicak’,
Philippe Rocca-Serra®, Susanna Assunta-Sansone®, Kathy Willis? and Dawn Field>”®*

Abstract

We are entering a new era in genomics-that of large-scale, place-based, highly contextualized genomic research. Here
we review this emerging paradigm shift and suggest that sites of utmost scientific importance be expanded into
‘Genomic Observatories’ (GOs). Investment in GOs should focus on the digital characterization of whole ecosystems, from
all-taxa biotic inventories to time-series ‘omics studies. The foundational layer of biodiversity-genetic variation-would
thus be mainstreamed into Earth Observation systems enabling predictive modelling of biodiversity dynamics and
resultant impacts on ecosystem services.

Keywords: Ecogenomics, Earth observation, Biodiversity, Ecosystems, Biocode, Genomic observatory, DNA




Observations across scales of
biological organization

- open and closed systems
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Ocean Sampl

ing Day

First Globally Coordinated Genomic Action

Moorea Ocean Sampling Day (20 June, 20

The island Moorea (French A
combines the two research s
CRIOBE. The Moorea Ecostq
first actions (after the inaugur

Like Rothera (Antarctica) we

have the same weather condi
calm, a pod of dolphins werg
started our OSD adventure.

filtering voyage on the 5™ of J

Neil

genomic r+

observatories = '

Ocean Sampling Day-
Faxafldi, Iceland — Mat

Viggo Thor Marteinsson, Eyjélfur Rey

Sampling was performed in Faxaflg
Reykjanes and Snaefellsnes. A smal
Long: 22° 07,50" V) to the bay at 1
replicate samples from one sampling
cleaned bucket. Three water sample
Sterivex filters (Millipore). Filtering tim
other three with total filtration time of|
°C in individual zip-lock bags.

Additional site information:

Air temperature: 12°C

Water temperature surface: 9,6 C
Salinity 3,5%

Ocean Sampling Day - Summer solstice 2012-06-20 -

Roscoff

Sampling was performed at the SOMLIT-Astan long-term observatory site (48° 46" 40 N, 3° 56 15
W) at 10:30 local time during the 2012 summer solstice. Water was collected from a depth of 1
meter using a Niskin bottle. Water samples were transported to the lab in an acid cleaned plastic
bottle within 15 minutes and filtered. Within 30 minutes, 4 replicates of 1 liter were filtered for
metagenomic analyses using the Sterivex 0.22um filters. Filters were sealed and immediately

B I L G TRRRY Y

frozen at -80 °Cin i

Ocean Sampling Day — Rothera

Rothera is a British Antarctic Survey research station, located on Adelaide Island on the Antarctic
Peninsula at 67° South http://www.antarctica.ac.uk/living_and_working/research_stations/rothera .
The plan was to get out and sample on our Winter Solstice (20th June), which for most of OSD
partners was the Summer Solstice. Unfortunately sea ice and wind were against us and we didn't
manage to get out to sample until the 31st of July. The sea ice formed the week before the
Solstice and was too thick to get one of our RIBs (Rigid Inflatable Boat) through, but too thin to
walk on. The ice then thickened up and we were able to go for short walks and even dive through it
near to the shore; however it was too dangerous to go too far offshore and get to our sampling
sites. The winds picked up towards the middle of July and blew the sea ice out — but the winds
remained too high to launch the boats, sometimes even blowing the ice back in. This continued for
a few weeks until finally we had a window where there was an area of open water leading toward
the sample site and no wind! The Rothera Oceanographic and Biological Time Series (RaTS) has
been running since 1997 and continues year round — collecting data through weekly water
sampling and CTD events. http://www.antarctica.ac.uk/staff-profiles/webspace/mmm/RaTS
/RaTS html
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home OSD tools browse edutainment portal contact

*  Map of OSD Participant sites June 215t 2014 >180 sites

We have a global genomic
observatory!

— should we choose to use it
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OBCN

OCEAN BIOMOLECULAR
OBSERVING NETWORK

The Ocean Biomolecular Observing Network is an

"".0‘ endorsed #UNOceanDecade programme that will
- monitor, research & understand ocean life by
<\.~. analyzing biomolecules.
2021 United Nations Decade The first list of Endorsed Decade Actions was announced
of Ocean Sclence on 3 June 2021. Click here to find out more
2030 for Sustainable Development e ! - :
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1D information
(parts list)

2D information
(interactions)

3D information
(spatial)

4D information
(temporal)
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Model Ecosystems Roadmap

COMPONENTS AND INTERACTIONS

Identification of
components

Identification of
interactions

Identification of
interaction types

Quantification of
interactions

&
L

&

e
./ \

&

o1

Raes & Bork (2008) Molecular eco-systems biology: fowards an understanding of community function. Nature Reviews 6:693-699
Sauer et al. (2007) Getting Closer to the Whole Picture. Science 316, 550




Understanding Resilience of Corals: Time Series

Fore reef

% Coral Cover
w
o

Credit: Sally Holbrook - UC Santa Barbara Year



Fore reef

2010 (2% cover)

2006 (50%
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Very high resilience of corals on the fore reef

Fore reef

2006 (50% cover) 2010 (2% cover)

» f

2007-09% predator

outbreak =

% Coral Cover




Until recently, coral reefs have been able to recover (resilient)

Disturbance Recovery of coral

Now, many coral reefs do not recover & often become seaweed beds
Seaweeds prevent corals from returning

Disturbance Transition to seaweeds




Coral reefs under increasing stress from local as well as global change

Both sources lower resilience
Fishing Pressure Nutrient Pollution Ocean Warming Ocean Acidification

= C J)Qﬁb.llu
¥ Jﬂlq\{kﬁl _

e o g s AT S o AN g e h-l&n-
v . o, € o e

Need deeper understanding of the social-ecological system to
maintain resilience & the societal benefits coral reefs provide

Credit: Sally Holbrook - UC Santa Barbara



Community Decision-Support

System

Identification of
components

1D information
(parts list)

!dentiﬁc_ation of
2D information  interactions

(interactions)

Identification of

3D information interaction types

(spatial)

4D information
(temporal)

Quantification of
interactions

Raes & Bork (2008) Molecular eco-systems biology: towards an understanding of

community function. Nature Reviews 6:693-699

Sauer et al. (2007) Getting Closer to the Whole Picture. Science 316, 550
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LAl Moorea IDEA

Island Digital Ecosystem Avatar

nature International weekly journal of seience

Home | [ Research l Careers & Jobs | Current Issue ‘ Archive ‘ Audio & Video ‘ For

Volume 517 > Issue 7534

Tropical paradise inspires virtual ecology lab

Digital version of Moorea will provide a way to experiment with an entire ecosystem.
Daniel Cressey

14 January 2015

) poF

R Rights & Permissions

DATA HEAVEN

Social science
Government census data will be
bers,

Underwater terrain

Sea foor mapped using satellte
imagery and sonar data from
ships. Will hav

ranging from

shallows.

Watery secrets
Continual sampling of the

re, salinty, o4
and microbial diversity at sites
around the island. including the
Tiatura Marine Protected Area,

A paradise on Earth could soon become the first ecosystem in the world to be replicated in digital
form in painstaking detail, from the genes of its plants and animals to the geography of its
landscape.

An international team is preparing to create a digital avatar of the Pacific island of Moorea, which
lies off the coast of Tahiti and is part of French Polynesia. Moorea is already one of the most
studied islands in the world; the team plans to turn those data into a virtual lab that would allow
scientists to test and generate hypotheses about the impact of human activities.



THIAULT ET AL.
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10% quartiles

- High

Social-
Ecological
Foresight

Social sensitivity/
Ecological exposure

= H I L»I;' -
Social adaptive capacity/

Ecological intrinsic resilience

Low

Operationalizing vulnerability for social-ecological integration in
conservation and natural resource management

Lauric Thiault!?3* | Stefan Gelcich* Nadine Marshall® Paul Marshall®? |

Frédérique Chlous® | Joachim Claudet2

FIGURE 4 Assessment of the coral reef fishery of Moorea, French Polynesia, using spatially explicit r
vulnerability (Step 1). Since households mostly depend on resource located on adjacent reefs for provision ) .
fishing, combinations of social and ecological vulnerability profiles are spatially linked. Insets highlight Thiault L, Gelcich S, Marshall N, Marshall P, Chlous F, Claudet J.

specific portfolio of interventions (Figure 3; see Supporting Information Appendix C and Figure S1 f- Conservation Letters. 2020; 13:e12677. https://doi.org/10.1111/conl.12677
approach)



Sustaining human well-being

is linked to maintaining ~ ._

healthy ecosystems N
/

© Identify candidate interventions
Using the assessment to identify a suite of
eco-centric and socio-centric interventions
that are most appropriate for T
leveraging those features.

© Adapt to the broader context
Tailoring the interventions portfolio so
that it only contains solutions that are
actionable and viable on the long-run

Assess the system @)
Operationalizing the social-ecological
wulnerability framework to disentangle the links
between the resource and resource users
and capture the internal features to tackle.

RESO(Q

Interventions benefiting one component
have positive (+), negative (-) or no effect
on the other compenent

Prioriti b fits ©
Selecting interventions that
maximize co-benefits and
minimize trade-offs between
ecological and social outcomes

Interventions that do not fit the

e
—eE interventions portfolio
’ @ Socio-centric intervention —— Direct effect ® Co-benefit ‘

‘ @ Ecocentricintervention ... =

Indirect effect O Trade-off ’

Resource users Resource

Greater
concern

Greater
concern
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Step 1
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Adaptive {
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Identify candi

Step 3
Prioritize co-benefits
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Step 4
Adapt to contaxt

Institutional Management Past Community
context capacity experiences asplratlons
Interventions portfolio
@ Mitigate other pressures @ Ecological engeneering @ Permanent closure
@ Input control @ Output control
@ Alternative occupations @Alternative resources @ Insurance scheme

(4) Social capital building @Assets strengthening @ Market system improvement

® Within-sector diversification Capacity enhancement

Conservation Letters. 2020:13212677.

https//doi.org/10.1111/conl. 12677



Overview

= [IDEA 1: Island Digital Ecosystem Avatars

m |DEA 2: Infrastructure for Democratic Ecological
Action




Moorea IDEA
Island Digital Ecosystem Avatar

IDEA-1 Workshop @ ETH Zurich, November 2013

Organized by Matthias Troyer
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Systems Approach to Complex Diseases and the
Emergence of Proactive P4 Medicine

PZ. Medicine

®PREDICT ®PREVENT ® PERSONALIZE ® PARTICIPATE

o O®D

Lee Hood, President

Institute for Systems Biology, Seattle

Institute for
Systems Biology

Revolutionizing Science. Enhancing Life.




Island Avatars

= An open-science initiative
in systems ecology

- M B

m Mission: to build use-oriented it
simulations (avatars) of entire social- Me@RIE === = EEg-8l
ecological systems - -

® Challenge: to model links and
feedbacks between climate,
environment, biodiversity, and
human activities

ORGANSATION

BIOLOGICAL

Steering Committee members from:

ETHzirich ((J)RIQRE Berleley ucss
= ¢ . w
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Two Berkeley projects assess the present

and predict the future of Earth'secosyste
By Wallace Ra|

Davies et al. GigaScience (2016) 5:14

DOI 10.1186/513742-016-0118-5 GigaSCience

Simulating social-ecological systems: the @
Island Digital Ecosystem Avatars (IDEA)
consortium

Neil Davies"*'®, Dawn Field?, David Gavaghan®, Sally J. Holbrook®, Serge Planes®, Matthias Troyer”",

Michael Bonsall?, Joachim Claudet®, George Roderick?, Russell J. Schmitt®, Linda Amaral Zettler?,

Véronique Berteaux®, Hervé C. Bossin'®, Charlotte Cabasse®, Antoine Collin'", John Deck'?, Tony Dell',

Jennifer Dunne'®, Ruth Gates'®, Mike Harfoot'®, James L. Hench'”, Marania Hopuare'®, Patrick Kirch'®,

Georgios Kotoulas?, Alex Kosenkov’, Alex Kusenko?', James J. Leichter??, Hunter Lenihan?®, Antonios Magoulas®,
Neo Martinez**%*, Chris Meyer®, Benoit Stoll'®, Billie Swalla®’, Daniel M. Tartakovsky?®, Hinano Teavai Murphy?®’,

. Slava Turyshev*®*', Fernanda Valdvinos®, Rich Williams?, Spencer Wood* and IDEA Consortium>*3°

Abstract

Systems biology promises to revolutionize medicine, yet human wellbeing is also inherently linked to healthy
societies and environments (sustainability). The IDEA Consortium is a systems ecology open science initiative to
conduct the basic scientific research needed to build use-oriented simulations (avatars) of entire social-ecological
systems. Islands are the most scientifically tractable places for these studies and we begin with one of the best
known: Moorea, French Polynesia. The Moorea IDEA will be a sustainability simulator modeling links and feedbacks
between climate, environment, biodiversity, and human activities across a coupled marine—terrestrial landscape. As

A rmAadal cuerAana tha raciiliina baanidad~a anA fAanle wiill tmanmeavin Anir ahiling +4 Aradi~+ hiimaan anA Aakieal fhanA~a

instein

) 1 his career



Framework

Observation Simulation

N

Data
(information)

Analysis
/({nterpretation)

(best representation)

Visualization

l

GUI

(understanding)

WORKING
GROUP

1. Data Science

2. Physical Modeling

3. Genes to
Ecosystems

4. Social-Ecological
Systems

5. Simulations,
Synthesis, and Service

Integrating diverse data
sources, coupling models,
visualizing information

Oceanic / atmospheric
forcing, physical-chemical
properties and fluxes

Biodiversity dynamics,
evolutionary processes,
ecological interactions

Coupling past, present,
future ecosystems to
human activities

Use-oriented avatar for
data exploration, scenario-
based planning, education



IDEA Consortium (2016)
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o «P Stag, = :
‘”f,, 2 & % TheNatu re 7% 7 A )
CARL & CRIOBE : @ = y Conservancy &% S T UNIVERSITY
. 2 USR3278 1,,‘"’ £ 4 TETIAROA S0C of HAWAI'l
Nl"l 0!(“\\ MANOA

ahu Oahu

3 : s University of Hawai’i
Elevation: 1,220 m

Area: 1,545 km?
Population: 953,207
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pa | m 4 ra At0| | ' The Nature Conservancy

Elevation: 2 m
Area: 12 km?

Population: 2-20 Tetiaroa Atoll
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Inside Story: Europe's Largest Port
Prepares for Autonomous Ships

Digital Twins

m Medicine

Digltal Twins
V'rtuallzmg Hospitals . __

" |ndustry

= Urban planning

Dlgltal Twins Prowdmg
' Personalised Medicine



What is a Digital Twine

m Digital Twin is “a model of a
system that evolves together with
the system over time” (Wright &
Davidson 2020 Adv. Model and
Simul. In Eng. Sci.).

https://theodi.org/article/digital-twins-user-research/



NATIONAL
DIGITAL TWIN
PROGRAMME

The approach to delivering a
National Digital Twin for the

United Kingdom Island Twin

Summary report

---------
snnne

» ‘federations’ of digital
twins joined tfogether via
securely shared data.




European Digital Twin of the

Ocean

m “The ocean is still largely a great mystery for
humankind. That is why Europe is building a
digital twin of the ocean. |[...]

= [f willmake ocean knowledge open-access,
available to citizens, scientists and
policymakers around the world. It will be a
platform for global cooperation.”

Ursula von der Leyen
European Commission President
One Ocean Summit, Feb 2022

Digital Twin

Ocean

INABLE ACTION

ALEAPIN OCEAI



NATIONAL Siences

Engineering
ACADEMIES medicine About Us Events Our Work Publications Topics Engagen
Foundational Research Gaps and Future Directions for Digital SH.
Twins
® About A National Academies of Sciences, Engineering, and Medicine-appointed ad hoc committee will identify
Description needs and opportunities to advance the mathematical, statistical, and computational foundations of digital
Committee twins in applications across science, medicine, engineering, and society.
Sponsors

View recordings of the project's information-gathering workshops on digital twins in the Biomedical
Sciences (January 30); Atmospheric, Climate, and Sustainability Sciences (February 1-2); and

Past Events

Contact . .
Engineering (February 7 and 9).
Opportunities and Challenges for Digital Twins in Biomedical ~ ~  suae fYinx Digital Twins in Atmospheric, Climate, and Sustainability =~ san fyinx
Sciences - A Workshop Science - A Workshop

N
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Caveat Avatar

* Place is an emergent property of inferconnected physical, biological,
socio-economic systems ~ a Shared Identity

« Social-Ecological Systems can be chaotic, and/or the rules of the
system are only partially visible

 Island avatars are not clones (twins); they are multiple, competing
hypotheses

« They improve with more evidence but remain scientifically fallible

* Vigilance needed: risk of human bias (manipulation) in what data are
collected (fabricated), which models are developed, and how
predictions and uncertainty are presented



Curation Challenge

m Digital predictions are composed of data + models
m Place-based data — diverse types/sources
m Scientific models — diverse scales/quality

m Scenario-based planning for public policy requires curation of
underlying evidence in the public interest

® Foresight commons? Curate admissible evidence through:

m Place-based data institutions at nested levels of governance under
democratic control

m Coordination of tools and best-practice for interoperability across places
and scales
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Open Science Cyber-Infrastructure

Findable

‘... enhancing the ability of machines to
automatically find and use data, in addition
to supporting its reuse by individuals”
(Wilkinson et al. 2016)

Interoperable
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SCie nce * Develop cyberinfrastructure : Provide scientific vision

Develop & promote best practices & standards
Overcome social barriers

NSF OAC-2004839 NSF DBI-2129268

See: Davies, N., et al. (2021). "Internet of Samples (iSamples): Toward an
interdisciplinary cyberinfrastructure for material samples." Gigascience 10(5):giabo28.



Theresa May v Brussels
The Ten years on: banking after the crisis

S0 0000 0D KA  South Kores's nfinished revolution

Biology, but without the cells

WY TR TN 201

The world's most
valuable resource

~ Dataandthenewrules
of competition




The Project AboutUs News Resources v  GetlInvolved v

THE FAIR ISLAND PROJECT

Optimizing policies to enable FAIR data

- W
\/‘ V. »' //
< ? =
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e 0%

Toward a Foresight Commons: how to
Findable Accessible Interoperable Reusable InTegrOT.e dOTO_CenTrIC. FAlR prlnC|p|eS
. with ethical, legal, social aspects of
people-centric CARE principles for
Indigenous data governance

Collective Authority Responsibility Ethics
Benefit to Control

California Digital Library, Berkeley Institute for Data Science, Data Cite, UC Natural Reserve System




Overview

= IDEA 2: Infrastructure for Democratic Ecological
Action




Einstein (1949)

“we should be on our guard not to
overestimate science and scientific
methods when it is a question of human
problems;

and we should not assume that experts
are the only ones who have a right to
express themselves on questions
affecting the organization of society.”




THE

DECADE

The Science We Need for the Ocean We Want

 But what do we wante
« What future state do we need science to help us reach?

« Andwhois "'we'?¢
« How should we decide who represents us?
« What happens when “we” disagree?



New Democratic
Thinking

pen Demsseracy.... 1s based on the si at, if government
by the people 10 do the governing”™

Open

Democracy

Reinventing Popular Rule
for the Twenty-First Century

Héléne Landemore

Cognitive diversity and democratic
reasoning: ordinary people are the
experts when it comes to questions

affecting the organization of society for

the common good

Innovative Citizen
Participation and New

Democratic Institutions
CATCHING THE DELIBERATIVE WAVE

&) OECD

OECD (2020), Innovative Citizen Participation and New Democratic Institutions: Catching the
Deliberative Wave, OECD Publishing, Paris, https://doi.org/10.1787/339306da-en.




Xt

JEMOCracy

1. Giving people agency and dignity through participation;

2. Distributing equal political power through representation by lot
(sortition), and

3. Channeling collective wisdom and enabling people to find
common ground through deliberation.

https://demnext.org/

Foresight commons and digital avatars could help curate and
communicate admissible evidence for citizens assemblies to
deliberate over



New Science-Community-Policy Dialogues

Building bridges between Traditional
Knowledge and Science

Can Traditional
experts cohabit
with western
science and }
nowledge ? . / « Al Moorea

Island Dlgllzﬁ E(cosyslom Avatar
Q

T o

_)CRIOBE B {&QQ Q,_
USR3278 M

e iy moorea
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Data trusts:

New Legal internatic_mal
21’4 perspectives
Thinking e

development
of data
institutions

236 | ARTICLE International Data Privacy Law, 2019, Vol. 9,

Bottom-up data Trusts: disturbing the
‘one size fits all” approach to data
governance

Sylvie Delacroix* and Neil D. Lawrence**

WORKING PAPER 2
28 JANUARY 2021

Data
Trusts
Initiative




New Economic Thinking

— Global Local

Figure 1 The Doughnut of social Figure 2 Transgressing both sides Creating City
and planetary boundaries of the Doughnut's boundaries Portraits

Creating Island
Portraits

Finding an ecologically safe and socially just space in which humanity can thrive (Doughnut Economics, Kate Raworth)




New Financial
Thinking

Multi-dimensional accounting:
Balance optimization vs resilience

SPRINGER BRIEFS IN
APPLIED SCIENCES AND TECHNOLOGY

R T
R

bl

S

taKuer Editors L
Finance 4.0—Towards
- aSocio-Ecological
Finance System

A Participatory
Framework to Promot
Sustainability

OPEN ACCESS &\ Springer



Thank you, merci, mauruuru roa !




