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PREFACE

3, VROXWLRQV ZLWKLQ WKLY VIVWHP DUH VR L P S RV \V e —

VKRXOG FKDQJH WK Hh¥ lsviw hiéssags’ df IG@th Thunberg
and the youth activists around the world demanding climate action. It

is simple and powerful. Yet few global efforts are dedicated to making

it happen — to changing the systems that are inhibiting transformative
climate actions.

Most climate mitigation strategies approach the climate crisis principally
as a carbon management problem, focusing on reducing emissions by
sector (e.g. energy, transport, or food). Sector-based emissions reduction

ZRUN LV FULWLFDO EXW LW LV QRW VXI¢FLHQW 7KLV%‘)¥V\F|:I\'/:V

indicates that deep decarbonization is technically possible, we have not

\HW ¢(JXUHG RXW KRZ WR VWHHU VRFLHW\ RQWR D GH

research and innovation on this issue are urgently needed.

In this report, the Digital Disruptions for Sustainability Agenda (D"2S
Agenda), we explore this issue — how to steer society onto an inclusive
deep decarbonization path. Our approach considers the climate crisis
principally as a social challenge, where the formal and informal rules,
power structures and dynamics, and mindsets embedded in our social
systems are constraining climate actions. We explore the opportunities
and challenges of leveraging the capabilities of the digital age to disrupt
these rules, power structures, and mindsets and break the constraints to
action.

The premise of this effort is that the digital revolution is already driving
transformations in our underlying social systems at an unprecedented
scale and pace. With a conscious and coordinated effort, we could steer
these societal transformations toward the systems changes needed to
unleash rapid, deep, and inclusive climate action.

The initial outlook for the digital revolution promised the democratization
of information, the strengthening of governance through broader citizen
engagement, a more equitable and greener sharing economy, and an
improved ability to measure and manage previously intractable global
environmental challenges. While some of these visions of positive
systems change have emerged, many have not because we, as a society,
failed to anticipate how the digital revolution would unfold. We did not
foresee the scale of systems changes that would result from digitalization
nor the new types of challenges posed by such large-scale changes. As a
result, today we live in a digital age that threatens privacy, human dignity,
social justice, the future of democracy, and environmental sustainability.

Tackling the climate crisis and working
towards a just and equitable digital future

are inherently interconnected agendas.

l‘é%ig){za}gqgﬂﬂ H%EE ﬁ Qa%SBWd tBeFxéeH'ﬁ_pow a growing urgency

0 do so betause society Ts interconnected through and dependent on
both the natural and digital worlds — and our current trajectory poses
global systemic risks emerging from both worlds. To seize the potential
and minimize the risks, we must recognize that tackling the climate crisis
and working towards a just and equitable digital future are inherently
interconnected agendas. With this in mind, we must look ahead together
— anticipate the systems changes that are unfolding as a result of the
digital revolution, imagine the potential for new systems changes that
could be realized from digitalization, and identify what actions we must
take now to steer these powerful levers of change to help build the world
we want.

The D"2S Agenda provides an initial framework for these ambitious tasks.
It was developed with input from over 250 people around the globe. We
are thankful to everyone who has engaged in this effort. We need to now
expand the circle and deepen the collaborations so that together we can
realize the potential of the digital age to drive systems changes toward a
climate-safe and equitable world.

Amy Luers,
Executive Director,
YXWXUH (DUWK
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Having led innovation and development efforts
at Google.org, the World Bank, and the Aga
Khan Foundation, | have learned that the
challenges of stewarding a sustainable planet
and building a more inclusive and equitable
digital future are intimately connected. Digital
technologies such as Al and others can move
us closer to the UN Sustainable Development
Goals while also being drivers of economic,
social, and political inclusion rather than
exclusion. But this requires a more systemic
view of solving these problems. What kind

of economic, social, and political system do
we need to build to ensure that people and
planet can both thrive in a sustained way?
Where are citizen voices in this conversation?
Public-private partnerships cannot ignore civil
society. Equitable gains to multiple segments ¢
society in the digital economy will not happen
automatically. The bottom 25% of society

will not reap a digital dividend unless their
voices are included early in this process and
by design. That will require soul-searching and
culture changes in the way we behave, govern,
innovate, and plan for the future. The D"2S
Agenda outlines a powerful framework to focus
us on these tough issues."

At ClimateWorks, we’ve been exploring how
alternative futures might impact climate
strategies. One critical disruptive force

is the digital revolution, which is creating
new challenges but may also offer huge
opportunities to drive systems change and
accelerate climate action. The D"2S Agenda
sets out a valuable framework for leveraging
the digital revolution to achieve positive
change."

Charlotte Pera
President & CEO,
&OLPDWH:RU
JRXQGDWLR

Aleem Walji
Former CEO,
$JD .KDQ )RXQU(

DWLRQ

Data is not the new oil — it's the new
plutonium. Amazingly powerful, dangerous
when it spreads, difficult to clean up and with
serious consequences when improperly used.
Data governance is therefore more urgent
as a policy challenge than climate change
because abuse of data compromises the very
democratic processes on which we rely to

intelligently and effectively address challenged

like climate change. The Digital Disruptions
for Sustainability Agenda provides a helpful
framework for understanding the powerful
connection between the data governance and
the climate agendas, and highlights important
work needed to move forward on both."

Jim Balsillie
&DQDGLDQ &RX
,QQRYDWRU

QFLO RI




Sustainability transformations will not be
possible without the transition to digitalization.
Artificial intelligence, machine learning, and
virtual realities are vital tools for securing
the welfare of what will soon be 10 billion
people on Earth within planetary boundaries.
But digitalization will not automatically
enable sustainability. We will only achieve
our sustainability goals if digitalization is
consciously geared towards them — so far, thig
has not been the case. If we fail to steer the
digital revolution, it may perpetuate or even
accelerate unsustainable growth patterns.
Sustainability in the digital age is thus a
tremendous governance challenge. Future
Earth’s D"2S Agenda outlines important
research, innovation, and near-term actions
needed to begin to steer digitalization to
empower the sustainability transformations
we seek.”

Dr. Dirk Messner
President,
*HUPDQ (QYLUR
$J H Q Bbverning
Council Co-Chair,
JXWXUH (DU

QPHQW

WK

The D"2S Agenda highlights the potential

of four digitally empowered capabilities to
drive the world towards carbon neutrality.
However, by definition almost, these digitally
empowered capabilities could lead to a much
more iniquitous world than ever. And this

is the direction they are driving the world
today. Basic capabilities have to precede the
digitally empowered capabilities. These basic
capabilities can themselves be accelerated
through digitalization, but they are not geared
to do so today. We need to direct our research,
innovation, and actions to ensure that we
have the policies, business models, and
public-private partnerships to steer the digital
transformations away from the iniquitous
path we are on toward a climate-safe and
equitable world. Sustainability calls for

digital empowerment of the poor; not digital
empowerment for the poor."

Dr. Leena Srivastava
Deputy Director
General for Science,
,QWHUQDWLRQ
IRU $SSOLHG 6

$QDO\VLV
Advisory Committee

8

Co-Chair, ) XWXUH (

DO ,QVWLWXWH
VWHPV
b $

DUWK

Technology can help us monitor the health

of our planet and measure the full value of

its ecosystems. By accelerating investment
and deployment of Al solutions, we have the
potential not only to mitigate climate-related
risk for our businesses, but to fundamentally
transform how we manage Earth’s natural
resources for a more prosperous and climate-|
stable future. The D"2S Agenda presents a
valuable framework for beginning to identify
priority areas for research and innovation to
advance on these critical issues. However, this
will only be possible with swift and concerted
action from the digital sector to reduce
emissions and help scale advanced energy
solutions. Microsoft is already showing that
this can be done.”

Dr. Lucas Joppa
Chief Environmental
21¢FHU
OLFURVRIW

Digital Disruptions for Sustainability

identifies important opportunities to leverage
technologies to help solve climate change
and other key 21st century challenges. The
report makes a compelling case for additional
research to explore capabilities such as
unprecedented levels of transparency related
to supply chains and carbon emissions.”

Tom Kalil
Chief Innovation
21¢FHU
6FKPLGW )XW

UHV
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Young shepherds walk through the KenGen wind power station in the Ngong Hills,
Nairobi, Kenya in 2017.

NET-ZERO EMISSIONS BY 2050,
WHILE INCREASING EQUITY AND
CONSERVING NATURE

In 2015, world leaders adopted two international agreements — the
2030 Agenda for Sustainable Development and the Paris Agreement
on climate change — that committed to pursuing widespread and
rapid societal transformation to achieve a common goal of building a
climate-safe future that is more sustainable, resilient, and prosperous
for all. Digital disruptions are already driving societal transformations
at a scale and pace unparalleled in history. It is unclear where these
digital disruptions will lead; risks and uncertainties lie ahead. Yet
opportunities exist for these disruptions to steer us towards a net-
zero carbon emissions society.

In this report, we explore the opportunities and challenges of
leveraging the digital age to disrupt the facets of existing economic,
governance, and cognitive systems that are maintaining society on
a carbon-intensive and increasingly inequitable path. We identify
research and innovation opportunities and near-term actions needed
to enable society to steer these disruptions towards a climate-safe
and equitable world.

Sustainability
intheDigital Age



SECTOR-BASED STRATEGIES ARE NOT ENOUGH

Keeping global average temperature rise to well below two degrees Celsius will require cutting greenhouse gas (GHG) emissions in half by 2030 and reaching
net-zero emissions by 2050 [1,2]. This will require completely decarbonizing our global society over the coming 30 years — the fastest energy transition in human

history [3]. Yet GHG emissions continue to rise by ~2% per year [4].

Five sectors account for 80% of
GHG emissions.

Climate change is often approached as a technical TRANSPOR,
carbon management problem. /
£

<
Most strategies focus on emission reduction “wedges” @C
[5] or decarbonization pathways [6,7] by sector. & €
& 2
[S)
6LIJQL, FDQW SURJUHVV KDV EHHQ PDG ~1 LQ HDFK RI WKHVH
sectors to reduce emissions and increase energy 5 SECTOR

Hl¢ FLHQF\ %XW HPLVVLRQV DUH VWLO® JRLQJ XS
More rapid and widespread changes are needed.

Sustainability
intheDigital Age

Net-zero
emissions




RULES, POWER STRUCTURES, AND MINDSETS EMBEDDED IN
EXISTING SOCIAL SYSTEMS

While research shows that deep decarbonization pathways are technically feasible, rapidly steering society onto those pathways has proven to be a monumental
task. This is because the rules, power structures, and mindsets embedded in existing economic, governance, and cognitive systems constrain society from making
the rapid transformations needed.

[Figure below: The gears inside the circle below represent the social systems cutting across all emitting sectors. The black chain that is connected to the centre of the
gears represents that these social systems are constrained by the rules, power structures, and mindsets embedded in them.]

Business
as usual We need to disrupt and change the systems
constraining rapid, deep, and inclusive climate
actions.
O Donella Meadows, the pioneering leader of systems
change, highlighted the need to focus on “leverage points”
— places within a complex system where a small shift in
one thing can produce big changes in everything [8].
O Meadows found that the biggest leverage points in social
system centre around shifting the rules, power structures,
DQG PLQGVHWY WKDW GH¢ QH WKH IXQFWLRQLQJ RI WKH V\VWH
N
OO %Q(}e Net-zero
Oy );é& emissions
D
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THE OPPORTUNI

DIGITAL DISRUPTIONS FOR SYSTEMS CHANGE

2XU VRFLDO FXOWXUDO HFRQRPLF DQG SROLWLFDO LQWHUDFWLRQV DUH LQFUHDVLQJO\ PHGLDWHG E\ PDFKLQHYV
HPHUJLQJ UHDOLW)\ LV DOUHDG\ LQAXHQFLQJ VRFLHWDO UXOHV SRZHU VWUXFWXUHV DQG PLQGVHWV 2YHU WKH OL
from over 30 countries to develop this agenda on Digital Disruptions for Sustainability (D*2S Agenda), which explores how to leverage the digital age to drive

systems change and enable societal transformations towards a climate-safe and equitable world.

‘HLGHQWL¢ HG IRXU GLJLWDOO\ HPSRZHUHG FDSDELOLWLHVY WKDW DUH DOUHDG\ GLVUXSWLQJ HFRQRPLF JRYHUQDC
levels of transparency, intelligent systems, mass collaboration, and mixed reality.

DIGITAL
DISRUPTORS

Could these digital disruptors
1 help steer global society towards a
\‘ net-zero carbon future that is

o~
@ UNPRECEDENTED ‘ A
TRANSPARENCY equitable and just?

NEW ;g;ggg;gwm We believe they could, but only
INTELLIGENT = — if there is a conscious effort to

SUSIERS navigate in that direction. If that
effort is not made deliberately, we
risk rapid, deleterious impact on
the environment, the economy, and
society at large.

MASS
COLLABORATION

‘ MIXED

REALITY

Sustainability
intheDigital Age




THE RISKS

IT IS NOT CLEAR WHERE THESE |
DIGITAL DISRUPTIONS WILL
LEAD HUMANITY

Without guidance, they may steer us down a path that
threatens privacy, human dignity, social justice, the future of
democracy, and environmental sustainability.

. NET-ZERQ.
EMISSIONS

i

; ~
ROy, 7105
SSion -Lsap,kf;

400
(6.

T L A ML gt R E
- "p'ﬁ-"i.;«"

|
e LA 5
e W ssprlh g O T g
y lﬁk:«.-’ L 2 S RN
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OUR STRATEGY

DISRUPT.

STEER.

SCALE.

Sustainability

intheDigital Age

Disrupt the rules, power structures, and mindsets
constraining transformative actions

by

steering digital disruptors to drive changes in
existing economic, governance, and cognitive systems

and

scaling these systems changes to unleash transformations
needed for climate-safe and equitable outcomes.



OUR APPROAC

COLLABORATE TO LEVERAGE THE DIGITAL AGE TO HELP DRIVE
SOCIETAL TRANSFORMATIONS TO A CLIMATE-SAFE AND EQUITABLE WORLD

7KH IRXU GLJLWDO GLVUXSWRUV LGHQWL; HG LQ WKLY UHSRUW DUH DOUHDG\ GULYLQJ WUDQVIRUPDWLRQV LQ VRFLLEL
will lead society. They pose many risks for humanity and the planet. One of the key risks is leaving behind a large portion of the global population who are not yet

VXl FLHQWO\N HQJDJHG LQ VKDSLQJ DQG EHQH¢ WWLQJ IURP WKH GLJLWDO DJH %XW WKHVH GLJLWDO GLVUXSWRUYV |
equitable path to net-zero emissions. But this can only happen if researchers, tech innovators, policy and business leaders, civil society, and citizens collaborate

together to consciously steer these digital disruptions to drive transformations to a sustainable, climate-safe, and equitable world.

DIGITAL
DISRUPTORS

UNPRECEDENTED
TRANSPARENCY

INTELLIGENT @?
SYSTEMS

MASS
COLLABORATION

CLIMATE-SAFE

& EQUITABLE
WORK
TOGETHER

Sustainability
intheDjgital Age 15



BUILDING THE D"2S AGENDA

DIGITAL
DISRUPTORS

P
UNPRECEDENTED
TRANSPARENCY

@ INTELLIGENT
SYSTEMS

MIXED
REALITY

MASS
COLLABORATION

The diagram above outlines the analysis process for developing the D*2S Agenda. Our research started by asking “what are the systems that are sustaining our

XQVXVWDLQDELOW\ WKURXJK DQ LQWHUQDWLRQDO HQJDJHPHQW SURFHVV 7KHQ ZH LGHQWL4HG KRZ WKH GLJLWDO DJH ZDV DOUHDC

LEVERS OF SYSTEMS CHANGE

disrupting rules, power, and mindsets

{"¥ ECONOMIC

3 GOVERNANCE",

Platforms
Transparent supply chains
Precision services

Informational governance
Collaborative governance

*RYHUQDQFH RI ARZV

Anticipatory governance

GUIDING QUESTIONS

for how to use these levers
to drive positive systematic
changes

* What are the transformative impacts?
*  What are the risks?
What does it take to steer?

* What does it take to scale?

RESEARCH,
INNOVATION &
ACTION AGENDA

« Questions we need to answer.
» Experiments we need to do.

* Actions we need to take.

constraints to climate action. We focused on four digital disruptors and explored how these four disruptors are already shifting the dominant economic, governance,

DQG FRIQLWLYH V\VWHPV
SRWHQWLDO WUDQVIRUPDWLYH LPSDFWV WKH ULVNV DQG ZKDW LW ZRXOG WDNH WR VWHHU DQG VFDOH

‘H LGHQWL4 HG OHYHUV RI VIVWHPV FKDQJH WKDW KDYH EHHQ GHYHORSHG E\ WKHVH GLJLWDO FDSDELOLW
ZH LGHQWL4 HG N

levers of systems change to drive positive, transformative change.

Sustainability
intheDigital Age

YLQDOO\




_I_ D"2S AGENDA: RESEARCH, INNOVATION, A

Examples of questions that need to be answered, experiments that need to be done, and actions that need to be taken.

TO DISRUPT, STEER, AND SCALE

{:} ECONOMIC SYSTEMS

TO DISRUPT, STEER, AND SCALE
{:} GOVERNANCE SYSTEMS

5(6($5&+

* How can we facilitate the embedding of
democratically determined public values (e.g.
keeping temperature rise well below two degrees)
into digital platforms?

« Will an unprecedented increase in transparency of
the social and environmental externalities of supply
chains lead to transformative shifts in business
practices and consumption norms?

» What are the social and environmental outcomes
of existing digital nudging of consumers? Is digital
nudging a powerful lever for shifting production and
consumption behaviours and norms at a global
scale?

« How can vulnerable populations leverage precision
service capabilities to develop customized climate
mitigation and adaptation solutions?

INNOVATION

« How can trust and accountability be effectively
created in a world where decisions are based on
FROOHFWLYH DQG DUWL¢ FLDO L

« Under what social and political conditions do
the expansion of informational and anticipatory
governance systems lead to inclusive sustainability
outcomes? How can we leverage the digital age to
enable and scale these and overcome constraints
such as algorithmic bias and unequal quality and
coverage of data?

« Under what conditions does Measurement,
5HSRUWLQJ DQG 9HUL¢ FDWLRQ
inclusive sustainability outcomes? What technical,
institutional, and political constraints must be
addressed for MRV to be effective in different
governance systems? How can these be enabled
and scaled in the digital age?

* Why do some concepts and narratives become
embedded in societal discourse while others do

Q W Hatr®lbw HoQheydshape societal change? How has

the emergence and reach of new concepts and
narratives changed in the digital age and how does
this vary with social and cultural context?

¢ How can we minimize and mitigate the risks
of using digital technologies and platforms to

PDQLSXODWH FRIJQLWLYH ELDVHV D

worldviews? Can these mechanisms be used
ethically to foster a new shared narrative centred on

05 Bet-ﬁzw Baéb(\w%nissions and global equity?

* What are the interconnections between changes
in individual and collective mindsets, and how do
these translate to collective action? How have these
links shifted in the digital age? Do these provide an
opportunity to steer and scale inclusive collective
action on climate change?

NG DPSOLI\ VSH

Develop analytic and legal systems and institutions
that credibly use new data streams from satellite
imagery, other sensors, and crowdsourcing to quantify
and expose the cost of environmental and social
externalities.

Develop a new tool box for climate governance that
leverages the four digital disruptors to better tap into
the capacity and expertise of people across networks
of states, businesses, local governments, and civil
society.

Build a network of targeted engagement strategies that
leverage mixed reality tools and intelligent systems to
co-create new meta-narratives across populations and
geographies.

CROSS-CUTTING ACTIONS
(for enabling conditions)

® Establish a social contract for the digital age.

® Promote inclusion as a touchstone of the digital age.

® Expand open access to high-public-value data.

® Establish foundational standards for the digital sector.

Expand public—private partnerships to build our digital future.

Reduce environmental impacts of the digital age.

Foster cross-sectoral collaboration and innovation.

Invest in targeted communication, engagement, and education.

Sustainability

inthepDigital Age
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INTRODUCTION

7ZR SRZHUIXO IRUFHV DUH VKDSLQJ KXPDQ GHVWLQ\ Whi&rEdeddchsbdwB ihavdéep debathdmization pathways are

and the digital revolution. Both are human creations that pose systemic
risks to society. The changing climate is driving systemic shifts that
threaten to destabilize the health and wellbeing of humankind. Big

technically feasible, rapidly steering society on to those pathways has
proven to be a monumental challenge. This is because the dominant
formal and informal rules, power structures, and mindsets embedded in

GDWD GLJLWDO SODWIRUPV DQG DUWL¢ FLDO L QW H OddriekistiQd-sdcial bnd edon@ricGysterid tbiQryel tRecBrie@tarbon-

society in ways that pose systemic risks to the global social fabric. But
fortunately, the digital age also presents systemic opportunities for driving
the large-scale societal transformations needed to build a climate-safe
and equitable world.

Keeping global average temperature rise to well below two degrees
Celsius will require cutting greenhouse gas (GHG) emissions in half
by 2030 and reaching net zero emissions by 2050 [1]. In other words,
we must completely decarbonize our global society over the coming
30 years. This challenge is often approached as a technical carbon
management problem. Climate action strategies typically centre on
emissions reduction opportunities, broken down by sector, “wedges” of

intensive and inequitable development path.

Investors and strategists working on the climate crisis are increasingly

WXUQLQJ WR GLIJLWDO LQQRYDWLRQV WR LPSURYH HI¢ FLHQFLI
from high-emitting sectors such as electricity, transport, food, land, and

industry [11]. However, little attention to date has focused on how the

digital age is driving transformations in underlying social systems that are

keeping society on a carbon-intensive and vulnerable path and how these

could be leveraged to disrupt the distribution of power, the norms, rules

and mindsets that are keeping society on a carbon-intensive path. This is

the focus of this report — the D*2S Agenda.

DFWLYLW\ > @ VSHFL¢F FDWHJRULHV RI DFWLRQV > @rivealby $1B digkat ®wolution, so@ety is experiencing massive

Society is increasingly interconnected
through and dependant on both the
natural and digital worlds.

disruptions that are leading to societal transformations at a scale and

pace unparalleled in history. With over 4.1 billion people currently

online [12], the digital revolution is reshaping almost every aspect of

KXPDQ OLYHV ODFKLQHV SRZHUHG E\ RXU GDWD DQG DUWL¢ F
(Al) increasingly mediate our social, cultural, economic, and political

LOQWHUDFWLRQV > @ $V D UHVXOW JOREDO VRFLHW\ LV LQFUF
through and dependant on both the natural and digital worlds.
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THE BUIDLING OF THE D" S AGENDA

This report highlights opportunities and challenges for leveraging the A . .
digital revolution to drive systems changes by disrupting the systems The D"2S Agenda IS an eXploratlon of

currently maintaining our unsustainable development trajectory. 7 K H

A 6 $JHOGD LV QRW D URDGPDS IRU KRZ WHEKQRORJ Fpo NRQWWEGandsverage the digital age to

F U L Rdtheér, it is an exploration of how we can leverage the digital age disru pt the rules power dynamiCS and
to disrupt the rules, power structures, and mindsets that are currently ! .
constraining climate action and steer society towards a climate-safe and structu res, and mindsets that

equitable world.

are currently constraining climate action
The D"2S Agenda was developed over the course of a year through a .
combination of workshops, interviews, and desk-top research, as part of and Steer SOClety towards a
Future Earth’s Sustainability in the Digital Age initiative. With in-person Climate'safe and equitable World

and online dialogues, Future Earth engaged more than 250 diverse
experts from over 30 countries to develop the Agenda.
|
Initial framing of the D*2S Agenda was established through an online
H[HUFLVH FRQGXFWHG LQ WKH VSULQJ RI ZLWK )XWXUHV &R/DE D
collaboration between Future Earth and the MIT Center for Collective
Intelligence. This online exercise engaged approximately 150 subject-
matter experts from around the world in facilitated discussions to explore
the question “what are the systems sustaining society’s unsustainable
— carbon-intensive and biosphere-degrading — lifestyles?” This resulted
LQ WKH LGHQWL¢ FDWLRQ RI GLJLWDOO\ HPSRZHUHG V\VWHPV FKDQJHV WKDW DUH
already disrupting or that have the potential to disrupt the systems that
are sustaining our unsustainability (see Appendix for details).

Another key contributor to this effort was a workshop on Al & Society held 7KHVH PXOWLSOH OLQHV RI LQTXLU\ LGHQWL¢ HG IRXU GLJLWD
LQ ORQWUHDO &DQDGD LQ 6HSWHPEHU V SR QV R Utnasecedeniad tragspacency Masg collaboration, intelligent systems,

Institute for Advanced Research (CIFAR), the French National Centre for and mixed reality — that are supporting the strengthening and scaling of

6FLHQWL¢ F 5HVHDUFK &156 DQG 8. 5HVHDUFK DQG keydaxerorisystems chamge across three societal systems — economic,

This workshop gathered 30 experts from academia, policy, the private governance, and cognitive. For each lever, we explored the positive

sector, and civil society working in the areas of climate change, Al and potentials, the risks, and what it would take to steer and scale in order to

digital technologies, and social change. The focus of this workshop was shed light on how to use the levers to drive positive, systemic changes.

on the near-term actions needed to create the enabling conditions to This resulted in the Research, Innovation, and Action Agenda, identifying

leverage the digital age to unleash and steer societal transformations key questions we need to answer, experiments we need to do, and

towards a sustainable, climate-safe, and equitable world. actions we need to take in order to leverage digital disruptors to foster

societal transformations to a climate-safe and equitable world.

Sustainability
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BUILDING THE D”2S AGENDA

DIGITAL
DISRUPTORS LEVERS OF SYSTEMS CHANGE GUIDING QUESTIONS RESEARCH,
disrupting rules, power, and mindsets for how to use these levers INNOVATION &
to drive positive systematic
— changes ACTION AGENDA
UNPRECEDENTED
@ TRANSPARENCY
* Platforms
{:} ECONOMIC « Transparent supply chains

* Precision services
INTELLIGENT + Whatare the transformative impacts? + Questions we need to answer.
SYSTEMS )

Informational governance + Whatare the risks? « Experiments we need to do.
GOVERNANCE' Collaborative governance . :
{:} *RYHUQDOFH RI ARZV What does it take to steer? « Actions we need to take.
VASS * Anticipatory governance «  What does it take to scale?
COLLABORATION
MIXED
REALITY

Figure 1. Building the D*2S Agenda.  The diagram above outlines the analysis process for developing the D*2S Agenda. Our research started by asking “what are the
VI\VWHPV WKDW DUH VXVWDLQLQJ RXU XQVXVWDLQDELOW\ WKURXJK DQ LQWHUQDWLRQDO HQJDJHPHQW SURFHVV 7KHQ ZH LGF
potential to disrupt the systems constraints to climate action. We focused on four digital disruptors and explored how these four disruptors are already shifting the
GRPLQDQW HFRQRPLF JRYHUQDQFH DQG FRJQLWLYH V\VWHPV ‘H LGHQWL4HG OHYHUV RI VIVWHPV FKDQJH WKDW KDYH EHHQ
OHYHU RI VA\VWHPV FKDQJH ZH H[SORUHG WKH SRWHQWLDO WUDQVIRUPDWLYH LPSDFWV WKH ULVNV DQG ZKDW LW ZRXOG WD!
innovations, and actions needed to enable the levers of systems change to drive positive, transformative change.
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Achieving a sustainable future requires,
as well articulated in the IPCC Special
Report of 1.5°C global warming,

rapid and unprecedented societal
transformation. This transformation
must be inclusive, involving far-

reaching transitions in all sectors and
fundamental behavioral change.”

Dr. Youba Sokona
Vice-Chair, Intergovernmental Panel on Climate Change;
Senior Advisor for Sustainable Development, South Centre



SOCIETAL TRANSFORMATIONS & SYSTEMS CHANGE

TOUR STRUGGLE|
UD r 'FOR ;'ussﬁéno

A collage of images from societal transformations that have occurred throughout history, including the Green Revolution, the fall of the Soviet Union, and the end of Apartheid.

WHAT IS MEANT BY TRANSFORMATIONS

The increasing urgency and complexity of global sustainability challenges
such as the changing climate, biodiversity loss, and water insecurity,

has led to the emergence of the concept of transformation. It is used

in contrast to words such as adjustment, adaptation, or transition

which imply incremental changes. Societal transformations refers to
fundamental changes in structural, functional, relational, and cognitive
aspects of societal systems that lead to new patterns of interactions and
outcomes [13]. Given the pace and magnitude of global environmental
changes underway, there is a growing consensus that such fundamental
changes — transformations — are needed to achieve the goals of the Paris
Agreement on climate change and the Sustainable Development Goals in

SOCIETAL TRANSFORMATIONS HAVE HAPPENED BEFORE

History shows that rapid societal transformations are possible and

not uncommon. The Industrial Revolution, women gaining the right to
vote, the Green Revolution, the collapse of the Soviet Union, the end

of apartheid in South Africa — all of these societal transformations were
spurred by disruptions resulting from a combination of technology, social
movements, market signals, and/or government policy. In the past,
rapid transformations have taken several decades. More recent societal
transformations are measured in years not decades. For example, over
just a few years, Microsoft and Apple brought computing to the masses,
Google transformed how society accessed information, Facebook
transformed how we connect with each other, and eBay and Amazon

WKH QH[W GHFDGH > = @ 7KH QHHG IRU V\VWHPV F KteagsbHnéd QdrvAveds QUgineskl H S

across the globe. The 2020 Edelman Global Trust Barometer Report
found only 18% of the global population surveyed say that the system is

ZRUNLQJ IRU WKHP *= D GHFUHDVH LQ MXVW RQH \HDU VLQFH WKH UHSRUW

was released [20].

Only 18% of the global population surveyed say
that “the system is working for them?”.

Sustainability

intheDigital Age



HOW TRANSFORMATIONS HAPPEN HOW DIGITAL & TECH INNOVATORS CAN HELP
Deliberate societal transformations are often initiated by small groups The digital age has led to societal transformations at a scale and pace
of committed individuals expressing values not shared by larger groups unprecedented in human history. While not all the changes have been
at a given point in time. These small groups often operate in informal positive, most have been rapid and widespread. Many started with a
networks that work both outside and within a dominant existing social simple disruption to the status quo way of doing business, telling stories,
system, to develop alternatives that disrupt and potentially replace the or communicating with friends. Then, changes emerged from those
dominant regime if and when the right opportunity occurs [21,14,22]. disruptions and some began to grow exponentially. We must study how
and why certain disruptions led to exponential changes while others
Research on transformations is growing in multiple sectors, including did not. We must also quickly establish the institutional and technical
energy [23], food [24,25], and urban systems [26,27]. Multiple conditions to be able to steer digital disruptions to support a low-carbon
perspectives have analysed how societal transformations could be world. This will take experimentation, collaboration, and adjustments
conceptualized for sustainability [14,21,28], including socio-technical along the way.

WUDQVLWLRQV > @ WUDQVIRUPDWLYH SDWKZD\V > @ IRFXVLQJ RQ HTXLW\ DQG
HOLPLQDWLQJ SRYHUW\ > @ DQG SHUVRQDO WR S ObeQigit Bedtbr Brid e dRg@aV inmovator@re critical to driving the

The digital sector has been a transformative force changing business societal transformations needed to achieve a world with net-zero
and governance models for key sustainability sectors such as energy, emissions. But they cannot do it alone. Digital innovators, systems
transport, land, and cities. While there is still limited research in this area scientists, and policy and civil society need to come together to rethink
and multiple risks to consider, the potential for the digital age to foster global systemic opportunities and challenges and collectively build a
societal transformations for sustainability is huge [14,35,36]. path to global sustainability in the digital age. Each group brings their
unique assets to the collaboration. Earth and social systems scientists
However, in order to truly capitalize on the opportunity presented by the XQGHUVWDQG WKH IHHGEDFNV DQG FRQQHFWLRQV WKDW GHy¢ C
digital age, we must move beyond thinking of transformation exclusively often constrained in their conceptualization of the potential for change.
LQ WKH SK\VLFDO VHQVH # WKDW LV EXLOGLQJ PRUH Pdlicy &d ldid WocRtY leQddr¥ WndeRtend iKé\etoQsdcutting lever within
infrastructure. Investments and policies in the physical structures are and outside of government that can drive change. Meanwhile, tech
MVKDOORZHU OHYHUDJH SRLQWVYT QRW KDYLQJ DV EL .]n&@t@@a@e)@ﬂiv@wﬁﬁe&@ce‘yém‘dlhaél‘aﬁd\lebuiId the world beyond
change [37]. More effective leverage points are those that focus on perceived constraints (see Figure 2). This mindset of not just thinking
changing deeply embedded characteristics of how the system functions. outside the box but of breaking the box and thinking exponentially is
7KHVH DUH GH¢ QHG E\ ARZV RI LQIRUPDWLRQ WKH U po@étM. But iivdt putVhtey AUt ByStentd QeBspective this mindset can
the mental models and power dynamics that control them [37]. These lead to solving problems not worth solving or worse — to unintended

GHHS OHYHUDJH SRLQWV DUH PRUH GLI{ FXOW WR L Q AeXithéntaHoRssienyds For the SianEt\and sbdisty.
much greater. For example, a deep leverage point can be reached by
accelerating transformations in the “personal sphere” by fostering change
to “individual and collective beliefs, values, and worldviews” [28]. This
could include changing the relationship between humans and nature,

whi(_:h tr)T|1any ;;]o[igg]to as a critical step in transitioning to a sustainable and The mindset Of dlgltal teCh innovato rs iS
equitable patl . . . .

often to not just think outside the box, but
/HDUQLQJ IURP KLVWRU\ DQG H[SHULPHQWLQJ ZLWK QH E R . .
rapid societal transformations for sustainability has become a global Ztg Eﬁgﬁﬁ tﬁa\ng §r¥d \fHInk eXponentla"y'

priority. In 2015, the nations of the world signed the 2030 Agenda and T I
in doing so agreed “to take the bold and transformative steps ... to shift ThIS IS powerfu_l' Yet’_WIthOUt a fU”
the world onto a sustainable and resilient path” via the 17 Sustainable systems perspective, this can lead to

'"HYHORSPHQW *RDOV > @ . .
unintended detrimental consequences

for the planet and society.
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LEVERS OF SYSTEMS CHANGE

To rapidly and fundamentally change a system, we must identify what In the new societal system created by the digital age, it is easier than
systems scientists call “leverage points”. These are places within a ever before to push those big levers of rules, power structures, and
complex system (an economy, an ecosystem, a technology) where a mindsets. Indeed, they are already being pushed and driving even more
small shift in one thing can produce big changes in everything. extensive systems changes in society as a result of the digital age.

But many of these changes are intensifying unsustainable production
Over 20 years ago, Donella Meadows wrote a seminal article about and consumption systems, threatening democracy, and driving deep
Places to Intervene in a System, where she proposed a hierarchical list inequalities. The D*2S Agenda aims to identify opportunities to steer the
of possible leverage points for transformative systems change. This is forces pushing these powerful levers to shift rules, power structures, and

UHSUHVHQWHG LQ D VLPSOL¢{ HG DGDSWHG YHUVLRQ hiRdsktskaidrds a climate-safe and equitable world.

Meadows established that the strongest leverage points for driving

systems changes are altering the rules of the system, the power

structures and dynamics that uphold them, and the mindsets that

GH¢ QH WKHP +HU ZRUN KDV VKDSHG PXFK RI WKH UHVHDUFK RQ VRFLHWDO RULES, POWER, & MINDSETS
transformations over the last decades. Yet, in practice, most climate A
strategies still focus on the realm of physical and institutional parameters INFORMATION
and structures (the left-hand side of the spectrum in Figure 2). According FLOWS & CONTROLS
to Meadows and other systems scientists [8, see also 37,38], these [—1—\
types of interventions have the lowest potential for driving deep systems

FKDQJHV ,QIRUPDWLRQ ARZV DQG FRQWURO ZLWK D VOLJKWO\ KL"O“N‘FT“BSI‘STR’W’F#QWLDO l l l

as a lever of systems change, refers to who has access to informatign, [
ZKR FRQWUROV ARZV DQG KRZ WKLV LQAXHQFHV IHHGEDEN ORRSV
since Meadows’ work on this subject, the digital revolution has radically

DOWHUHG LQIRUPDWLRQ ARZV DQG FRQWUROV ZKLFK
changes throughout society. We now live in a new societal system, where

the currency is data and attention, and human and social identities are
LQFUHDVLQJO\ GH¢, QHG PRUH E\ WKH YLUWXDO WKDQ W
new societal system has opened up tremendous opportunities to move

IXUWKHU WR WKH ULJKW RQ OHDGRZVY FODVVLF ¢ JXUH Fijlrd X Lblrs of dystBhfd EhavyeR VMWD UW "WERHOOD OHDGRZV LGHQWL4 HG
SXVK WKH PRVW LQAXHQWLDO OHYHUV RI FKDQJLQJ UXOHV $RiZdd hbintsW ktfiXgRMuXddaHge in Dc@iBlex system [adapted

,Q WKH wi'R

mindsets. from 8]. We have grouped these into three main categories: (1)
physical and institutional parameters and structures; (2) information

By rules, we refer to both informal and formal rules, including informal S'ZZY DQG FRQWUROV DQG UXOHV SRZHU VWUXFWXUHV DQG
mindsets.

social and cultural norms as well as formal incentives, punishments, and
constraints. Power focuses in particular on the balance of power — who
holds power and how it is distributed — and also references the structures
underlying power balance. Mindsets are comprised of the value systems,
worldviews, and beliefs which underly our opinions. These are often
WKH PRVW GLI¢ FXOW WR VKLIW EXW DW D ODUJH HQRXJK VFDOH SUHVHQW WKH PRVW
powerful potential leverage point for transformational systems change.
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The digital revolution radically
altered information flows and controls
[a key lever], which drove massive
systems changes throughout society
in just a few years.

[ B

Climate change protest led by Spanish students in Las Palmas,
Gran Canaria, Canary Islands, Spain on March 15, 2019.
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We shape our tools,
and thereafter our tools shape us.

2IWHQ DWWULEXWHG WR 0DUVKDOO OF/XKDQ




DIGITAL DISRUPTORS

The digital age has emerged as a result of widespread access to new information and technologies including big data, cloud computing, the Internet of Things
(IoT), blockchain, and rapid advances in machine learning and Al. These digital technologies, in and of themselves, have no disruptive power. Power lies in the
ability to combine these technologies to change how companies, governments, and civil societies create value, shape social norms, and communicate with,
govern, and perceive the world. The digital age is also characterized by a continuous connectivity among people, driving systemic social-economic changes at a
scale and pace unprecedented in human history.

Below we highlight four digital disruptors that have the potential to unleash societal transformations towards a climate-safe world. Yet without a concerted effort,
these digital capabilities also hold the power to increase inequality, compromise democracy and privacy, and further degrade climate and the environment [42,43].

UNPRECEDENTED
TRANSPARENCY

INTELLIGENT
SYSTEMS

MASS
COLLABORATION

MIXED
REALITY

®

Satellites and other remote
sensors, coupled with
digitalization more broadly,

are making information

more open and accessible.
Increasingly, transparency is
becoming the norm and privacy
LV KDUGHU WR ¢ QG
surveillance platforms coupled
with involuntary disclosure
programmes are redesigning the
meaning of transparency and
accountability and creating new
ways to shape, communicate,
and govern sustainability [44].

The social web, the ubiquity
of smartphones, and the
emergence of decentralized
digital ledgers are enabling
people to connect and
collaborate like never before.
Massive collaboration enabled
5 H Qy @ditdl teaahbBalbgy has given
rise to new forms of business
around co-production and
shared resources, new forms
of social movements driven by
online communities, and new
forms of governance.

Sustainability
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Machine learning and collective
intelligence have created

new forms of intelligent
systems. Computers now
have the capacity to gather
and analyse data, perform
complex activities, perceive
and respond to the world
around them, adapt based on
experience, and communicate
with other systems. Machines
are also enabling new forms of
human interaction. Machines
and humans together are

now solving bigger problems
than either could address
alone. Intelligent systems

are revolutionizing a variety

of sectors from energy to
governance.

Technologies are increasingly
enabling the merging of real

and virtual worlds. This has
created the opportunity to

build immersive experiences
superimposed on the real world,
which have been shown to

elicit emotional and behavioural
responses distinct from
traditional engagement methods.




THE DIGITAL DIVIDE

2YHU KDOI RI WKH JOREDO SRSXODWLRQ LV RQOLQH ZLWK RYHU ELOOLRQ LQWHUQHW XVHUV LQ > @ %XW DF
example, Africa and Asia have a 28% and 48% internet penetration rate respectively, compared to Europe with a rate of 82.5% [12]. There is also a growing divide
in internet access between urban and rural communities [45].

Two main drivers of the digital divide are the educational and economic disparities between countries [46]. The highest growth in internet users comes from mobile

EURDGEDQG DFFHVV ZKLFK UHTXLUHV OHVV LQYHVWPHQW LQ KDUGZDUH DV RSSRVHG WR ¢ [HG EURDGEDQG > @ 7R
will be important to disseminate low-cost solutions to close this digital divide.

The economic impacts of the accelerating rate of technology uptake also varies by region. Projections indicate that the economies of some regions (e.g. North
America or China) stand to gain more than others from the Al boom due to the rates of adoption and access and how different regions trade with each other
through their supply chains [45]. Because the regulation of the digital world is not keeping pace with the changes, the digital divide may be poised to expand. As

WKH FRPPHUFLDOL]DWLRQ RI $, EORFNFKDLQ DQG GHULYDWLYH WHFKQRORJLHVY UDSLGO\ H[SDQGV WKH GLVSDULW)
grow unless, as a society, we can proactively tackle the divide as a global priority for sustainable and equitable growth.

Northern
Europe
Eastern
Europe @ @
Northern Western . c :
entral Asia
America ey Southern E?:Iem
@ @ Europe '
Westem
@ Caribbean Northern Asia @
Central Africa

Central Southern @
Africa Asia South-eastern
Figure 3. Percentage of population connected @ Eas@ern Asia

America

to the internet by sub-region. Internet Western Africa

penetration rate ranges from 95% in Africa

parts of Europe and America to 12% in Southem

Central Africa. Darker circles indicate a e Southem

higher rate of connection [52, compiled Aftics £
from multiple sources]. Oceania
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DIGITAL TECHNOLOGIES TODAY HAVE LARGE CARBON FOOTPRINTS

Progress is being made. Continuing to shift the digital sector to renewables is critical.

ARTIFICIAL INTELLIGENCE

PWC and Microsoft showed that strategically employing Al could lead

to a 4% reduction in global GHG emissions by 2030 [45]. This can help

WR UHGXFH *+* HPLVVLRQV > @ EXW FDQ DOVR LPS
related to human impact on the environment, including, for example,

enhancing conservation efforts [50] and better management of water

resources [51].

Given the great potential of Al, better understanding the climate impact
of developing Al and training machine learning models is critical. One

DQDO\VLV IRXQG WKDW WUDLQLQJ D VLQJOH $, PRGH
much carbon as the lifetime emissions of a single car [52]. Other studies, 7
KRZHYHU KDYH FDXWLRQHG WKDW WKH DVVXPSWLR( “ayh
not representative of common practice, making generalizations to all Al :
and machine learning activities inaccurate [53]. Despite this divergence,

there is agreement that more can and must be done to reduce the carbon

footprint of Al and machine learning. This includes ensuring that cloud Smart home service device is displayed at CES 2017 at the Sands Expo and
providers and data centres used in training models rely on renewable Convention Center on January 5, 2017 in Las Vegas, Nevada. The use of Al-
energy sources and enhancing transparency with regard to emissions powered devices in homes and business is becoming mainstream.

> @ 7KH GHYHORSPHQW RI DQ RSHQO\ DFFHVVLEOH ODFKLQH /HDUQLQJ
(PLVVLRQV &DOFXODWRU KWWSV POFR JLWKXE LR LPSDFW PD\ KHOS DV LW ZLOO
enable the Al and machine learning community to track emissions and

share data and to include them with published code and papers.

Al could be a critical component of the digital game changers for climate

through its potential to drive systems-level change. But to scale, it must
be powered by renewable energy.
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BITCOIN

(QHUJ\ FRQVXPSWLRQ HVWLPDWHV IRU ELWFRLQ YD
comparisons are presented in the order of the annual energy use of

ZKROH QDWLRQV HJ -RUGDQ RU 6UL /IDQND > @ R
Google as a company (5.7 TWh) [56].

To track this, the University of Cambridge recently released the
Cambridge Bitcoin Electricity Index, which is an online tool that provides
real-time estimation of the energy requirements of the bitcoin network.
Their estimates range between 21 and 146 TWh [57].

Bitcoin is built on blockchain, which is a distributed and immutable
electronic ledger of every transaction that takes place in a network. Not
all blockchains are created equal. Some blockchains, including bitcoin,
employ proof of work protocols to secure transactions. Others are based
on proof of stake — a less energy-intensive protocol for which great
strides are being made to overcome trade-offs in terms of security. A wide

variety of efforts are working to build climate-smart blockchain options. 7KH PLQLQJ ULJV RI D VXSHUFRPSXWHU DQG DLU 4 OWHUV DUH SLFWXUHG
Shifting to renewable energy sources will eventually overcome many of bitcoin factory ‘Genesis Farming’ near Reykjavik, Iceland on March 16, 2018.
these issues, but time is of the essence. $W WKH KHDUW RI -FHODQG V EUHDWKWDNLQJ ODYD 4HOGV VWDQGV RQH

largest bitcoin factories at a location rich in renewable energy, which runs the
computers creating the virtual currency.
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SYSTEMIC OPPORTUNITIES

DIGITAL
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Figure 4. Digital disruptors’ systemic potential.

In this report, we explore the potential of the four digital disruptors to disrupt the existing rules, power structures, and mindsets that are maintaining society’s

FDUERQ LQWHQVLYH SDWK DQG FRQVWUDLQLQJ FOLPDWH DFWLRQ :H IRFXV RQ WKH FRQVWUDLQWY HPEHGGHG LQ W
These three systems are represented below as gears that are driving society along the current high-emissions pathway. The premise of the D"2S Agenda is

that the four digital disruptors are already disrupting the rules, power structures, and mindsets embedded in each of these social systems, and driving societal

transformations. An opportunity exists now to steer these transformations to build a climate-safe and equitable world.

RULES, POWER:

The outer circle represents the proximate sources of GHG emissions that are

contributing to the high emissions pathway. The gears inside this circle represent the social systems cutting across all
emitting sectors. The black chain that is connected to the centre of the gears represents that these social systems are
constrained by the rules, power structures, and mindsets embedded in them. The premise of this report is that the
digital disruptors are disrupting the rules, power structures, and mindsets, and open up the potential to steer us to a
lower GHG emissions path — represented by the blue arrow.
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SYSTEMIC RISKS

While the societal transformations resulting from the digital age create opportunities, they also pose a series of systemic risks related to both intentional and

unintentional harm, as listed below. This list is not intended to be comprehensive, but rather to be illustrative of challenges associated with the power of the digital

age, providing context for the urgent need for research, innovation, and action. The risks highlight the need to focus research and innovation not only on the digital
VHFWRU DV D VRXUFH RI WRROV WR LQFUHDVH HI¢{ FLHQFLHY EXW DOVR DV D IRUFH RI VA\VWHPV FKDQJHYV

1 If we continue on our current path, the digital age could accelerate and intensify resource- and emissions-intensive development and risk
exceeding planetary boundaries [36,58].

° Digital technologies can enable increasingly authoritarian actions by governments around the world, undermining the agency of citizens — for
HIDPSOH WKURXJK ULJLG FRQWURO RI LQIRUPDWLRQ > @

» Irresponsible use of digitally empowered decision-making and the increasing impact of social media and echo chambers leading to political
polarization may erode democracy and deliberation [36], potentially contributing to the rise of digital dictatorship [60].

Ya The global economy is increasingly dominated by digital companies that can at times circumvent government regulations and fair contributions
to public funds [61,62].

) Massive upheaval in current labour markets may occur as a result of increasing automation in the workforce, leading to loss of human dignity as
opportunities for “meaningful work” are reduced [36,63].

Ya Inequality at the global scale may worsen due to an inability to overcome digital divides or address information asymmetries, resulting in
XQHTXDO DFFHVV WR DQG EHQH¢ WV IURP GLJLWDO FDSDELOLWLHV > @

é Many companies now derive value from data — oftentimes collected for free from citizens — leading to serious privacy concerns [58,64] and
worries that this might intensify with the expansion of surveillance capitalism [65,66].

A Advances in cyberspace — enabling communication across computer networks — have opened up a world of opportunities but have also led to
LQFUHGLEO\ FRPSOH[ VA\VWHPV GLI{ FXOW IRU KXPDQ PLQGV WR FRPSUHKHQG $V D UHVXOW F\EHUVHFX
[67,68].

A Without adequate and transparent integration of ethical and environmental considerations into their development, there is a risk that various

DSSOLFDWLRQV RI DOJRULWKPY FRXOG SHUSHWXDWH DQG LQWHQVLI\ ELDVHY DQG OHDG WR LQHTXLWDI
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CROSS-SECTOR COLLABORATION IS NEEDED TO STEER DIGITAL DISRUPTORS

DIGITAL
DISRUPTORS

UNPRECEDENTED
TRANSPARENCY

INTELLIGENT;
SYSTEMS, \

MASS;
COLLABORATION

CLIMATE-SAFE
& EQUITABLE

WORK
TOGETHER

Figure 5. Working together. It is unclear where the digital disruptors will lead society. Individually and
together, they are driving widespread societal transformations. Through focused collaboration
among researchers, tech innovators, policy and business leaders, civil society, and citizens, we
EHOLHYH ZH FDQ VWHHU WKHP WRZDUGYV WKH FOLPDWH VDIH DQG HTXLWDEOH ZRUOG ZH ZDQW
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Adam Smith




GOAL

Disrupt the rules, power structures, and mindsets that constrain
climate action by steering digital disruptors to drive changes in

existing economic systems. Scale these systems changes to unleash
the transformations needed for climate-safe and equitable outcomes.

WHAT WE ASKED

How are digital disruptions to economic systems shifting the formal and informal  Can these digital disruptions be leveraged to unleash equitable societal
rules, the distribution of power, and the individual and collective mindsets that transformations to a net-zero carbon emissions world? If so, how?
are currently sustaining our unsustainability?

WHAT WE FOUND

‘H LGHQWL{HG WKH IROORZLQJ GLJLWDOO\ HPSRZHUHG OHYHUV RI FKDQJH DV KDYLQJ WKH SRWHQWLDO WR SRVLWL"
economic systems.

-’ Digital Platforms are increasingly powered by intelligent systems ’ Enhanced transparency and intelligent systems are enabling more
and the mass collaboration of people around the globe. They have YDOXDEOH VHUYLFHVY WDUJHWHG WR VSHFL¢{F FRQWH[WV IRU I
also empowered the development of new business models with the agriculture, disaster risk management, and medicine, that have
potential to decentralize economic power and change the rules and the potential to improve outcomes at less cost. These new, lower-
mindsets of economic systems. But limited governance of these digital cost Precision Services open up novel opportunities to vulnerable
platforms, and of the data and algorithms embedded in them, has led communities for climate risk management services that were
to a greater centralization of power in the private sector — who own the previously unavailable to them. However, whether these services
data — as opposed to the people served by the platforms. ultimately empower vulnerable communities will depend on what
data is available, who owns and controls access to the data, and the
-’ Increasingly accessible data — from satellites and many other remote process of deriving information and knowledge from it.

sensors — are making it easier than ever to track products from cradle

to grave. The possibility of having truly Transparent Supply Chains ,

with environmental and social externalities made publicly visible,

could be on the horizon. While many critical pieces to the puzzle are

VWLOO PLVVLQJ WDUJHWHG UHVHDUFK DQG LQQRYDWLRQ FRXOG (00 WKHVH JDSV
Ultimately, though, the sustainability and equity outcomes of such

enhanced transparency in supply chains will depend on key issues

connected to who owns and controls the information and the political

and normative context in which it is deployed.



RESEARCH & INNOVATION

Each of the levers of change listed above are already in place at different scales and in different sectors. The research and innovation needs outlined below were
developed to help steer and scale these levers to drive societal transformations towards a climate-safe and equitable world.

RESEARChliestions we need to answer.

~ How can we facilitate the embedding of democratically determined public values (e.g. keeping temperature rise well below two degrees) into digital platforms?
What are the public values that should be incorporated into the design of the “platform society”; how do we do that, and who is responsible for doing so?

~ How can we effectively manage and regulate an economy dominated by digital platforms for inclusive and positive sustainability outcomes? Who is responsible
and accountable for the outcomes resulting from the “platform society,” such as the circulation of misinformation and the implications of choice architecture?

~  Will a massive increase in public visibility of the social and environmental externalities of supply chains lead to transformative shifts in business practices and
consumption norms? Can big data, data analytics, and machine learning provide salient, credible, legitimate information — that is ethically derived — to effectively
steer development, planning, and business decisions towards a sustainable and equitable world?

~ What are the social and environmental outcomes of existing digital nudging of consumers? Is digital nudging a powerful lever for shifting production and
consumption behaviors and norms at a global scale?

~ How can vulnerable societies leverage precision service capabilities to develop customized climate mitigation and adaptation solutions?

INNOVATIOWhere we need to experiment and learn by doing.

1

2
3
A

Develop analytic and legal systems and institutions that credibly use new data streams from satellite imagery, other sensors, and crowdsourcing to
quantify and expose the cost of environmental and social externalities.

Improve the ability to track and monitor carbon and other environmental goods and services from big data and remote sensors.

Develop new business models that ethically and legally leverage individual and social data to steer society towards sustainable consumption patterns,
while strengthening human agency.

Develop new models that support co-developed knowledge-intensive precision services for vulnerable populations currently disconnected from the
digital world.



CONTEXT

{:} ECONOMIC SYSTEMS

Recent research suggests that over the next decade, climate action could New business models and processes are enabling shifts in production
deliver US$26 trillion to the global economy [71]. The private sector must and consumption practices — giving rise to “prosumers”, customers who
be part of the climate solution. Capturing the trillions of dollars will require both produce and consume a product or service — and challenging the
more than simply reducing the impact of existing business models; it intellectual underpinning of neoliberal policies. Adam Smith’s “invisible
will require building new models that drive and thrive on low-carbon, hand”, the unobservable force that helps to balance the supply and
biosphere-positive, and equitable growth. “Business model” is used here demand of the market, has disappeared and been replaced by the “digital
to refer to the way a company seeks to create, capture, and share value. hand” [75]. In the digital economy, transactions and even intentions are
Traditional business models are based on linear models of economic computer mediated. It is still unclear what the implications of the digital
growth driven by mass production and mass consumption, tightly coupled hand will be for people and planet. But what is clear is that it is incumbent
to fossil fuels and massive amounts of waste. This economic system is on society to take an active role in helping guide the digital hand towards
fuelled by neoliberal policies of free-market capitalism that shift power a sustainable and equitable path.

towards the private sector and away from government spending and

public ownership. Many are calling for the need to rethink the neoliberal Here we explore three digitally empowered levers to disrupt economic
frame — which is increasing inequalities, and in turn hurting economic V\VWHPVY WR DFFHOHUDWH DQG H[SDQG VXVWDLQDEOH DFWLRC
growth, perpetuating vulnerabilities, and increasing environmental transparent supply chains, and (3) precision services.

degradation [72,73] — and shift towards a circular economy based on

use, sharing, reusing, and recycling. Recently, a Business Roundtable

statement was released, signed by 181 CEOs who committed to run their

FRUSRUDWLRQV QRW MXVW IRU WKH EHQH¢{ W RI VKDUHKROGHUV EXW IRU WKH EURDG
diversity of stakeholders — consumers, suppliers, communities, and

employees [74]. Unfortunately, the statement did not explicitly call out

environmental sustainability.

While the growth in production of electronic devices and the digitalization
of society is an industry that is itself built on the linear production and
consumption model, it also provides opportunities to disrupt the linear
economic model and the neoliberal capitalist system. This disruption

is beginning, not only through the rumblings at institutions such as the SOC|ety must take an active role in helplng
Organisation for Economic Co-operation and Development (OECD), the Hp—

World Economic Forum (WEF), and the International Monetary Fund Steer the dlgltal hand towards a maore
(IMF), as well as work done by UNEP on the Digital Ecosystem [58], but SUStainable and equitab|e path
also by new business models that are powered by the digital age through

collaboration, intelligent systems, and increased transparency. RS
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DIGITAL LEVERS

PLATFORMS

The digital age has given rise to new business models centred around *LYHQ WKH XQSUHFHGHQWHG LQA XHQFH WKDW GLJLWDO SODW

digital platforms [76], big data, networks, and algorithms, which have Facebook, and Twitter, have on democracy and the global economy,

enabled the rise of a new economy based on sharing, giving, or many are looking toward establishing a framework for regulating or

obtaining access to goods and services [71,72]. Platforms work through governing platforms as we do public utilities [81]. While many national

the interplay of technologies (data, algorithms, interfaces), business and regional efforts are emerging to govern data and Al [82], at a global

(operators of the platforms), and users — where users here include stage there is no clear path to developing an effective governance

individuals, corporations, governments, and civil society [77]. PHFKDQLVP %XW JLYHQ WKH LQAXHQFH RI SODWIRUPV RQ LQII
structures, and mindsets, it is clear that developing effective governance

Platforms enable users to market personal assets, experiences, or skills mechanisms for digital platforms is vital for securing equitable strategies

at a scale previously inaccessible to individuals or small enterprises (e.qg. for steering societal transformations to a net-zero emissions future.

$LUEQE B8EHU +Xl¢ QIWRQ 3RVW )URP WKLV SHUVSHFWLYH SODWIRUPV FDQ
shift economic power from traditional institutions, such as hotels, taxis,

and newspapers, to individuals. On the other hand, platforms lead to a

concentration of power in the hands of the few platform operators, who

are able to position themselves as the gatekeepers and mediators of

data, content, and value [78].

Digital platforms do not simply connect social and economic actors but
fundamentally steer how they connect with each other. These digital
platforms are not neutral. Platforms inscribe norms and values in their
choice architecture [76]. Furthermore, they can rapidly shift social

norms at scale through simple changes in their interfaces and selection
options. For example, when Google added walking, biking, and public
transportation as part of their standard travel time calculations, they were
helping to shift social norms. When Facebook added an “other” option to

JHQGHU FODVVL¢ FDWLRQ LW LQAXHQFHG VRFLDO QRUPV EH\RQaigitzalvpjathrm&are not neutral.
the conventional binary options [76]. Platforms inscribe norms and values in

Currently the dominant platform architecture reinforces the rules, power their Choice arChiteCtU re Furthermore
structures, and mindsets of our high-carbon society. But these could . . ' . !
be reshaped to deliberately steer society towards a climate-safe and they can rap|d|y Sh|ft SOC|a| norms at

equitable world. How to govern platforms, and the data and Al that power . . .
WKHP LV D JURZLQJ WRSLF RI GLVFXVVLRQ DQG GHEDWH >S@ale>mrough/smmple changes in their

algorithms across a variety of platforms conceal social and economic

information, increasingly making societies opaquer and creating what has interfaces and SeleCtion Options-

been referred to as a “black box society” [80].
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Digital platforms have become a ubiquitous part
Rl RXU VRFLHW\ LQA XHQFLQJ Z
who we listen to, and how we interact with
HDFK RWKHU DQG WKH HQYLURQ
the decisions of billions of users every day, are
these valuable levers for societal change?

To explore these as viable levers, many
TXHVWLRQV UHPDLQ LQFOXGLQ

z KR LV UHVSRQVLEOH DQG
IRU WKH RXWFRPHV UHVXO
SODWIRUP VRFLHW\ VXFK D
Rl PLVLQIRUPDWLRQ WKH
SURGXFWV DQG LGHDV"

Z G6KRXOG GLJLWDO SODWIRU
QXGJH WR ORZ FDUERQ RSWLRQV" :KDW DUH
WKH HWKLFDO DQG OHJDO FRQVWUDLQWY WR GLJLWDO
SODWIRUPV QXGJLQJ"

z :KDW ZRXOG EH WKH FDUERQ LPSDFW RI
GLJLWDO SODWIRUPYVY QXGJLQJ DW D JOREDO
VFEDOH"




SHARING ECONOMY AND SURVEILLANCE CAPITALISM
1HZ EXVLQHVVY PRGHOV EDVHG RQ SODWIRUPV GDWD Meanuhlle, trdiboaal capripani€s @re adaQtiRditheD iquginess models to

co-development have shown great promise for moving society away from ¢ W ZLWK PRUH FROODERUDWLYH FXOWXUHYV > @ $V WKH VK
the linear model of mass production, consumption, and waste, towards off, some see it as having great potential to disrupt the neoliberal model
more of a use-based economy, disrupting the neoliberal systems by DQG SURPRWH QHHGHG VKLIWYV LQ FRQVXPSWLRQ EHKDYLRXUV
decentralizing power and ownership. Yet the veil of extractive industry JRYHUQDQFH PRGHOV DUH XUJHQWO\ QHHGHG > @ OHDQZKLO!
and inequitable growth still weighs heavy, even on those models that that the sharing economy continues to bolster the resource-intensive
appear to be the most disruptive. The platform-based companies Google, FRQVXPSWLRQ DQG SURGXFWLRQ RI IUHH PDUNHW FDSLWDOLVI
Apple, Facebook, and Amazon have aggregated power at unprecedented VRPH KDYH FDOOHG WKH VKDULQJ HFRQRP\ 3QHROLEHUDOLVP |
VSHHG DQG VFDOH WKHLU FRPELQHG PDUNHW FDSLW®omjdthngrspedts ¢ gedalers Haily lives that were previously outside
US$430 billion in 2010 to more than US$2,300 billion in 2017 [83]. The WKH UHDFK RI PDUNHWYV > @
platform economy is based largely on the extraction and accumulation
of data collected through user surveillance (what is often referred to At the centre of these concerns are top-down “sharing” models, where
DV 3VXUYHLOODQFH FDSLWDOLVP" $V +DUYDUGTV 6KFR\XXD) b V=YK IFEHY BRF\ WKDW GH¢ QHV SRZHU %LJ GDWD HQD
it, surveillance capitalism “aims to predict and modify human behavior the sharing economy, which is rapidly becoming a core part of the global
as a means to produce revenue and market control” [84]. The result economy. The governance of the data that fuels the sharing economy and
is a centralization of power and concerns over privacy, ethics, and the WKH UHJXODWLRQ RI WKH SODWIRUPV WKDW PDQDJH WKHP ZLC
backlash against labour practices [85]. this trend shapes the rules, power structures, and mindsets of economic

models moving forward — and their sustainability outcomes. Governing
Despite these growing concerns, the platform business model continues the access to and use of data in the sharing economy can help to set the
to power the sharing economy. It is estimated that 70% of Europeans foundation for sharing power and sharing resources in a more equitable
[86] and 72% of Americans [87] are involved in sharing economy manner. New forms of platform cooperatives are building new business
activities. Sharing has become big business with the rise of companies models to share data and power among workers. For example, co-ops
such as Uber and Airbnb, which are criticized as centralizing power and such as Juno and People’s Ride are emerging as alternatives to Uber.
monopolizing markets [88]. The sharing economy is expected to grow to Experimenting with new ways of sharing and using data within platform
D 86 ELOOLRQ LQGXVWU\ E\ > @ 7KHUH DUH F XauhybriQ bushness nodes Cduld Qrove to be powerful means for breaking
GROODU FRPSDQLHV EXLOW RQ VKDULQJ RU FROOD E RuDofheYies ¢f FeRlDedraP polRIRSGRdDMIding @w norms of collective

consumption.

The governance of the data that fuels

the sharing economy and the regulation
of the platforms that manage them

will likely define how this trend shapes
the rules, power structures, and mindsets
of economic models moving forward —
and their sustainability outcomes.
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To build a climate-safe and equitable world, we must overcome the How these, and related, models for reimagining economic systems will
exploitative and ecologically destructive biases of neoclassical and HYROYH LV VWLOO XQFHUWDLQ 7KH IRXU GLJLWDP GLVUXSWRI
neoliberal economic systems. Momentum is already building around create the opportunity to help strengthen and scale each of them, but they
DOWHUQDWLYH PRGHOV VXFK DV also could undermine them. Intelligent systems can help to accelerate
a transition to a circular economy by improving operating systems and
Circular economy: The new economic model that entails gradually opening opportunities for new business models [103]. Blockchain and
GHFRXSOLQJ HFRQRPLF DFWLYLW\ IURP WKH FRQV XP Sofédr messRbllaoQratidhHedhhigués Xan Réipto strengthen stakeholder
DQG GHVLJIJQLQJ ZDVWH RXW RI WKH VI\VWHP > @ capitalism by shifting power dynamics through new forms of co-
production and ownership. Similar systems could be used to guide and
Stakeholder capitalism:  The proposed reorientation of capitalism incentivize society towards socially just and environmentally sustainable
that calls for corporations to redirect their focus from shareholders to consumption patterns.
stakeholders including customers, employees, and society as a whole
[100,101]. However, each requires collecting and processing huge amounts of data
and exploring new approaches to governing the digital sector, which
Doughnut economics:  The new economic framework that orients growth confronts privacy and ethical concerns. Research, innovation, and near-
and progress within both social and environmental boundaries, which term actions are urgently needed to address these issues to be able to

WRIJHWKHU GH¢{QH D VDIH DQG MXVW RSHUDWLQJ VS D é&fdctivBild lelfeXagdd@yitaldisraptor&@o help strengthen and scale these
DOWHUQDWLYH HFRQRPLFV V\VWHPV )RU H[DPSOH

z $QDO\WWV QHHG WR H[SORUH WKH HWKLFDO PQG OHJDO |
GLUHFW GLJLWDO QXGJHV WR VXSSRUW D WUDQVLWLRQ \
HTXLWDEOH ZRUOG

z &LYLO VRFLHW\ JRYHUQPHQWY DQG WKH SULYDWH VHFW
FROODERUDWH WR HQVXUH WKDW LQIRUPDWRRQ VHFXULYV
HWKLFV DQG WKH WKUHDW RI GLVLQIRUPDWELRQ DUH PDC
SRVLWLYH WUDQVIRUPDWLRQ

z 3XEOLF SULYDWH FROODERUDWLRQYVY DUH QHHGHG WR GH
DQG HQIRUFHDEOH UXOHYV UHJDUGLQJ FRQVHQW GDWD R
DJJUHJDWLRQ SURWHFWLRQ VWRUDJH DQGJGLVSRVDO







TRANSPARENT SUPPLY CHAINS

Global supply chains cross multiple regulatory borders and involve the MONITORING AND QUANTIFYING EXTERNALITIES

exchange of QOOd_S and Services from a wide dlve_r sity of places _and Externalized costs (or externalities) are among the great unknowns of
actors. The diversity of attributes and actors shaping supply chains

LQA XHQFHV KRZ VXVWDLQDELOLW\ QRUPV DUH H[SUH\%&%?&%@\%%’#@EV 7K€5-<Y\ I\DNDLILI;I/ Ibv(\ggk/\;%FOXI-?YV\I{I(\DNF\jVE;VSLOQDF\T
7KH FRPSOH[ H[FKDQJH RI PDWHULDO LQIRUPDWLRQDQ B i ODOFEI RO _%Mgr%am Bcs 10 data and the

can lead to a range of unintended effects that stretch across the globe : . : ; o ; ;
; ) . " " analytical capacity to process them is making this increasingly feasible.
[105], with social and environmental externalities that have traditionally Y pacilytop 9 g

EHHQ GLI¢ FXOW WR UHJXODWH > @ %XW WKDW LV F{RQJIQehsing demand worldwide from regulators and consumers

for greater transparency in reporting and accounting for social and

environmental externalities, including GHG emissions, deforestation, and

labour conditions. Meanwhile, big data, earth observations, 10T, and Al

are increasing public visibility of social and environmental externalities

[106] and forcing companies to internalize these costs into their business

models [107]. Some companies are now building their brands around

transparency [108] and even developing business around increasing

transparency. For example, Optel's Geotraceability and other similar

digital technologies now enable companies to monitor the social and

HQYLURQPHQWDO LPSDFWV RI SURGXFWLRQ 1RQ SUR¢ WV DUH
WKLV VSDFH )RU H[DPSOH QHZ QRQ SUR¢{W :DWW7LPH ZKLFK
WKH *RRJOH $, ,PSDFW &KDOOHQJH JUDQW > @ XVHV GLJLWD
customers know how clean energy is in real time. Systems such as these

could not only empower consumers but also expand corporate adoption

of “shadow carbon pricing”, the voluntary implementation of an internal

FDUERQ SULFH >IRU D GHWDLOHG GH¢ QLWLRQ VHH @ OHDQZ
facilitate programmes to enable reuse and repurposing of products and

thus can provide pressure to move towards a circular economy.

While there has been growing interest in supply chain transparency
for sustainability management and a proliferation of supply chain
transparency initiatives [111,112], there has been limited assessment of
KRZ WKHVH GLITHUHQW WUDQVSDUHQF\ VIVWHPYV DUH LQA XHQF
regimes and how they can be best designed and implemented to be
positive catalysts for potentially transformative change [106]. Key factors
KDYH EHHQ LGHQWL¢ HG IRU OLQNLQJ LQFUHDVHG WUDQVSDUH
Aerial view of deforestation to clear land for palm oil and rubber plantations sustainability outcomes. For example, one is trust; research suggests that
in Thailand in 2018. This is a powerful example of the types of environmental transparency can build trust, but if transparency is used to replace trust,
externalities which were often hidden behind complex, global supply chains results can be counterproductive [113]. More targeted and coordinated
but are increasingly visible in the digital age. . . . . .
research, innovation, and actions are needed to effectively use this lever
for large-scale systems change.
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For most goods and services, consumers are unable to differentiate D I g Ital M RV

low-carbon options from higher-polluting alternatives in the market.

'Q WKH SRZHU VHFWRU UHQHZDEOH HQHUJ\ FHYYhstdrMiNg EntRarimEmtalttribites into High -Value Asset:

standardized, trusted way to overcome this constraint; as a result,
KHU ORZ FD RRGV
VXUH UHSREWU DHG YHULIN

energy investors and customers are able to monetize clean energy
Standardize Incentivize and/or Ensure trusted and

demand. a
methodologies for require reporting of secure verification

7R GHYHORS ORZ FDUERQ SFHUWL¢ FDWHV’" IRU DTRMsMBmeto G LYHUVL\WIVIRIMER Gy zH of environmental
must strengthen and expand digital MRV systems that leverage data to environmental data to attributes to drive attributes to create
enable markets to value environmental attributes [114]. To do this, two differentiate products sustainable innovation high-value asset:
PDMRU DFWLRQV DUH QHHGHG and investment

,PDJLQH LI WKHUH ZHUH D VLPLODU 3FHUWL¢, FDW
+LVWRULFDOO\ LW ZDV GLI¢ FXOW RU LPSRVVL
the environmental attributes needed to accurately assess the emissions

impact of various industrial processes and products. However,
exponential growth in sensors, data, and analytics capabilities — as well
as emerging Al and blockchain technologies — are changing that by
enabling more transparent supply chains.

1. (VWDEOLVK VWDQGDUG PHWKRGRORJLHV IRU GH¢ QLQJ SURGXFW FDWHJRULHYV
and measuring environmental attributes of industrial commodities.

2. Co-develop incentives and/or regulatory requirements for reporting
DQG YHUL¢, FDWLRQ WKURXJK GLDORJXHV DPRQJ LQGXVWULDO FRPSDQLHYV
institutional investors, and policy-makers.




REVERSE SUPPLY CHAINS
A reverse supply chain is the movement of goods from customer to

YHQGRU D YHULWDEOH ALS RI WKH UHJXODU VXS

the failure to valorise the waste created in a linear economy is the

lack of information about it. Information transparency, when applied to
materials and products, has the potential to radically change how reverse
supply chains work. It enables tracking, collection, sorting, transporting,

DQG UH¢ QLQJ RI ZDVWH LQWR QHZ UHVRXUFHV DQ

where the concept of “waste” is rendered less relevant. Making such
information transparent is challenging because it entails an element of
standardization and a number of data ownership and privacy issues. Yet
it is possible. For example, Swachhcoin leverages Al and blockchain to
enable transforming waste into new goods; when a consumer contributes
to the raw materials by throwing their own waste into Swachhcoin bins
(which is automatically detected by Swachhcoin), the consumer gets a
rebate on future purchases.

ENABLING AND CONSTRAINING TECHNOLOGY

Blockchain could be a powerful tool to enable the above transformations
by building interoperable layers that facilitate the ability of different value-
chain players (who may be partly working in competition) to read from the
same script. Many questions remain, however, on how to govern, fund,
and run such protocols. The biggest blockchain protocols, in particular
bitcoin, consume massive amounts of energy, orders of magnitude more
energy per transaction than a typical credit card [55,56]. These impacts
will need to be addressed before this can be an effective part of the
solution.

O\ FKDLQ $ PDMRU UHDVRQ IRU

G SURGXFWV WR WKH SRLQW

Traditionally, supply chains have involved the transfer of goods and services
from producers to consumer. A small but growing proportion of the global

VXSSO\ FKDLQ LV UHYHUVLQJ WKLV WUHQG ZLWK JRRGV 5RZLQJ IURP FRQV
to producer and valorizing waste.

i

Digital technologies are enabling unprecedented transparency of lifecycle impact data of raw
materials, products, and supply chains and present new platforms to channel consumer behavior &5
into market signals to activate demand for sustainable products. In order to steer towards this J
opportunity, it is imperative to advance dialogues around the role of government and other actors

in the digital economy.

-

Tom Hassenboehler,

Partner, 7TKH &RHIILFLHQW
* U R XBxecutive Director

and Founder, (& 0$3
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PRECISION SERVICES

The digital age has enabled the scaling of customized knowledge- Research shows that inequality and power relations are critical factors
intensive services, which we refer to here as “precision services”. JHQHUDWLQJ DQG SHUSHWXDWLQJ YXOQHUDELOLW\ WR FOLPDYV
Precision agriculture, precision disaster risk management, precision One example of this dynamic is the inability of the most vulnerable to
medicine, and precision insurance are all examples of leveraging big insure themselves against climate-related risks. In 2016, only about
data, 10T, machine learning, research, and co-production of knowledge PLOOLRQ SHRSOH LQ $IULFD $VLD DQG /DWLQ $PHULFD ZHU
to provide targeted services that traditionally had to be provided more insurance schemes against climate risks [125]. Fortunately, there is a
generally. For example, precision medicine refers to the tailoring of growing focus on exploring new insurance schemes to support climate
medical treatment to the individual characteristics of each patient. It risk management in low-income communities (e.g. resilience bonds,
recognizes that people respond to medical ailments and treatments microinsurance, index insurance). Big data and intelligent systems
in different ways based on characteristics of the individual. Precision are opening up new business models for insuring these communities
medicine uses genomic data, vast amounts of patient healthcare data, from climate-related risks [126]. Meanwhile the disaster management
and machine learning to target treatments that the individual patient community has demonstrated how mass collaboration, intelligent
needs [115]. systems, and unprecedented transparency are helping to build networks
and empower vulnerable communities to work together to provide
Climate change is another sector where precision services are beginning targeted disaster response [127].
WR HPHUJH &OLPDWH UHODWHG ULVNV KDYH W\SLFDOO\ EHHQ GLI¢ FXOW IRU
government, investors, and businesses to plan for and manage [116,117]. There is an urgent need to connect precision climate services to help
However, advances in climate and data science are making customizable expand insurance for low-income communities. It is also critical to learn
information about climate risks an increasingly accessible service. Big from the digital humanitarian and disaster risk management communities
data and Al are increasingly being used to improve climate projections about the opportunities and challenges for co-developing precision

HJ &/,08 PDS YXOQHUDELOLWLHY DQG EXLOG UHYV Llinatd Gsk Mamagemer@services that empower vulnerable communities
&RPSDQLHV VXFK DV -XSLWHU ,QWHOOLJHQFH 2QH &Ra@hFthtih@theDr@reashf iQteSslyRipd\eduency of climate risks around
VXFK DV WKH &OLPDWH ,PSDFW /DE DUH WXUQLQJ VFthe@odL,; F LQIRUPDWLRQ LQWR

customizable platforms that governments and investors are beginning to

XVH WR PDQDJH ULVNV DQG GLUHFW ¢ QDQFH > @

This trend of increasing access to customized climate services may

help to mainstream, or normalize, the consideration of climate risks

in government, business, and investments. However, for these new

developments to help drive societal transformations to build climate-

resilient communities, they must evolve from generic tools for prediction

and scenarios to tools for empowerment and co-development rooted in
VSHFL¢, F SROLWLFDO DQG QRUPDWLYH FRQWH[WV

Can precision climate services help build
new business models that would shift
the power dynamics that drive economic
development pathways? What are the
data, technology, and policy issues that
need to be addressed to rapidly and
effectively scale precision services that
empower the poor and build equality?

Sustainability

intheDigital Age




Two girls must step precisely as they cross a narrow bridge

in Bangladesh. Precision services can be immensely helpful

LQ DUHDV DW ULVN RI ARRGLQJ RU RWKHU KD]DUGV DQG KDYH WKH
SRWHQWLDO WR PRUH HYHQO\ GLVWULEXWH WKH EHQH¢ WV RI WKH GLJLWDO
revolution to more marginalized or vulnerable populations.



@ GOVERNANCE



Bureaucrats sometimes do not
have the correct information, while
citizens and users of resources do.

Elinor Ostrom
Nobel Laureate




GOVERNANCE SYSTEM

GOAL

Disrupt the rules, power structures, and mindsets that constrain
climate action by steering digital disruptors to drive changes in
existing governance systems. Scale these systems changes to
unleash the transformations needed for climate-safe and equitable
outcomes.

WHAT WE ASKED
How are digital disruptions to governance systems shifting the formal and Can these digital disruptions be leveraged to unleash equitable societal
informal rules, the distribution of power, and the individual and collective transformations to a net-zero carbon emissions world? If so, how?

mindsets that are currently sustaining our unsustainability?

WHAT WE FOUND

‘H LGHQWL ¢ HG Wikitdlly en(paeréd I€vérs of change  as having the potential to positively disrupt existing rules, power structures, and mindsets of

governance systems.

-’- Increasing access to open data from satellite imagery and other ‘-
remote sensors (e.g. for forests) as well as big data on individual
and social behaviour (e.g. urban emissions) is disrupting traditional
power structures, which is creating new levers for accountability
and enabling broader citizen engagement in governance processes.
The rise of this Informational Governance has the potential to
accelerate action, but evidence from existing efforts is mixed in terms *
of both sustainability outcomes and equity and social justice.

-’- 7KH LQFUHDVLQJ ARZV RI JRRGV VHUYLFHV DQG
has climate and equity implications which traditionally had little to no
governance. However, the rise of intelligent systems and enhanced
transparency is opening up opportunities for the Governance of
Flows in ways that could disrupt current power dynamics and pave
the way for more innovative climate mitigation strategies.

Digitally enabled collaboration among large, dispersed groups has

facilitated the growth of voluntary climate governance systems with

LQFUHDVLQJ SRZHU WR LQAXHQFH ERWK IRUPDO DQG LQIRUPDC
enabled and scaled effectively, Collaborative Governance systems

could help to accelerate climate action.

Given the high risk and uncertainty related to the changing climate,
decision-makers are increasingly turning to foresight tools to
anticipate alternative futures. Digitally empowered intelligent systems
ErBafeln@hDoPp dtimidiés Vo Akitié{patolydGeerhance , which
enable staying ahead of crises but risk undermining democracy if not
implemented effectively.



RESEARCH & INNOVATION

Each of the levers of change listed above are already in place at different scales and in different sectors. The research and innovation needs outlined below were
developed to help guide and scale these levers to drive societal transformations towards a climate-safe and equitable world.

RESEARGbiiestions we need to answer.

~ Under what social and political conditions do the expansion of informational and anticipatory governance systems lead to inclusive sustainability outcomes? How
can we leverage the digital age to enable and scale these and overcome constraints such as algorithmic bias and unequal quality and coverage of data?

~ +RZ FDQ WUXVW DQG DFFRXQWDELOLW\ EH HIITHFWLYHO\ FUHDWHG LQ D ZRUOG ZKHUH GHFLVLRQV DUH EDVHG RQ

~ How can transparency in climate governance be enhanced by emerging technologies? Will enhanced transparency in GHG emissions and reduction compliance
GHOLYHU HQYLURQPHQWDO EHQH/,WV DQG FLWL]HQ HPSRZHUPHQW"

~ Where is the line between unprecedented transparency for accountability and surveillance for control? What standards, policies, and norms are needed to avoid
crossing that line?

~ 8QGHU ZKDW FRQGLWLRQV GRHVY OHDVXUHPHQW 5HSRUWLQJ DQG 9HUL¢(FDWLRQ 059 OHDG WR LQFOXVLYH VXVWIL
must be addressed for MRV to be effective in different governance systems? How can these be enabled and scaled in the digital age?

INNOVATIOMiere we need to experiment and learn by doing.

Develop a new tool box for climate governance that leverages the four digital disruptors to better tap into the capacity and expertise of people across
networks of states, businesses, local governments, and civil society.

Foster polycentric governance systems, leveraging unprecedented transparency, mass collaboration, and intelligent systems, to build complementary
top-down and bottom-up approaches that can effectively reinforce — and not counteract — each other at different scales.

Explore methods to integrate new digital data streams — from satellite imagery, other sensors, and crowdsourcing sites — to enable more credible and

3 Improve the ability to track and monitor carbon and other environmental goods and services from big data and remote sensors.
4 OHJLWLPDWH PHDVXUHPHQW UHSRUWLQJ DQG YHUL¢{¢FDWLRQ 059 V\VWHPV WKDW VXSSRUW LQFOXVLYH VX




CONTEX

GOVERNANCE SYSTEMS

Here we use the term “governance” to refer to the structures,
processes, rules, and traditions that determine how people in societies
make decisions and share power, exercise responsibility, and ensure
accountability [128]. Our understanding of how different governance
systems might support or suppress societal transformations, and

the feedback loop between transformations in governance and
transformations in society, is still incomplete [128].

We have not yet developed effective governance mechanisms to steer

the world to climate safety. The dominant focus for many years had been

around establishing one global deal that would be state-centric and top-

GRZQ GH¢ QHG WKURXJK WKH 81)&&& %XW LW LV LQFUHDVLQJO\ UHFRJQL]HG
that to drive the deep societal transformations needed to keep global

temperature rise well below two degrees, we need a combination of both

WRS GRZQ VWHHULQJ DQG ERWWRP XS VHOI RUJDQL]DWLRQ > @

We need to shift the focus from governments to governance. This is

beginning as the power to drive action becomes more distributed among

non-state actors, including large corporations and national and global

¢ QDQFLDO LQVWLWXWLRQV DQG DFWRUV 0DQ\ VHH WKHVH QRQ VWDWH DFWRUV DV
critical to fostering transformations to sustainability and equity [131-133].

The Paris Agreement has begun to formalize this shift by establishing

a more decentralized framework and recognizing a greater diversity of

actors [134,135]. Figure 6. 2030 Emissions Gaps . Carbon Action Tracker projections and

resulting emissions gaps in meeting the 1.5°C and 2°C climate goals.

Existing climate governance mechanisms are not
sufficient. We need to expand and revise our tool box.
The digital disruptors identified in this report open up new
ways to leverage the capacity, expertise, and intelligence
of people that can help to transform climate governance.




POLYCENTRIC GOVERNANCE & COLLECTIVE ACTION

The climate governance landscape today has evolved to be increasingly
distributed and what some have called fragmented [136]. Elinor

The challenge of free riders can be lessened by mobilizing at smaller
scales — with fewer and more diverse sets of actors. Smaller collective

2VWURP UHAHFWHG SRVLWLYHO\ RQ WKLV VKLIW WR Zgtibngcanikierg®toiorm @ bdadeRmIyEastgasydterA. Polycentric

governance structure [137]. Polycentric systems have multiple centres

of authority at various scales rather than a monocentric unit. Each unit
within a polycentric system exercises considerable independence to
make their own norms and rules. Ostrom found in her research that,
under the right conditions, polycentric governance systems create
opportunities to overcome the challenge of collective action characterized
by Hardin’s “Tragedy of the Commons” [138].

If one approaches climate mitigation as a challenge of managing a
commons — where the atmosphere that provides the service of sinks for
GHGs is the commons — then mitigation requires addressing two key
FKDOOHQJHV
prevent its destruction, and (2) distributing the sustainable sink capacity
DPRQJ FRPSHWLQJ XVHUV > @

Traditionally, these two tasks have been orchestrated by the UNFCCC
and nation states — so far with little success. One reason for the limited
success to date is that the climate crisis is so complex, with so many
actors involved, that there is no ‘optimal’ solution that can be used to
make the necessary substantial reductions in GHG emissions [140].
Collective action is typically unsuccessful in situations where the incentive
to free ride is large [141].

The digital age is accelerating the
development and growth of networks
around the world, opening up
opportunities for polycentric governance
systems.

governance systems are attractive when addressing these complex
problems because they allow for more policy innovation and provide more
opportunities for broader, more inclusive representation of diverse actors
[142] than top-down policy approaches.

Empirical and theoretical research shows that more decentralized
approaches, which incorporate both bottom-up and top-down efforts, with
multiple institutions rather than one global one, are likely to lead to more
cooperation in addressing climate change [137,143,144].

A few key factors contribute to the success of polycentric approaches to

FRQVWUDLQLQJ WKH XVH Rl WKH DW PPROVEKHQH DVFBRARYAVYRVBYVWWR UHFLSURFLW\

facilitated through a diversity of actors and by increasing the visibility of
behaviors [142,144,145]. But polycentric governance is not a panacea;
a number of concerns have been raised in systems where certain
conditions have not led to desirable outcomes [142].

Governing the commons
without top-down regulation

Elinor Ostrom demonstrated that groups are capable of avoiding
the tragedy of the commons without requiring top-down regulation
LI WKH IROORZLQJ FRQGLWLRQV DUH PHW >

FOHDUO\ GH¢, QHG ERXQGDULHYV
SURSRUWLRQDO HTXLYDOHQFH EHWZHH
collective choice arrangements;

monitoring;
graduated sanctions;

IDVW DQG IDLU FRQALFW UHVROXWLRQ
local autonomy; and

appropriate relations with other tiers of rule-making authority
(polycentric governance).

DQG UHSXWDWLR




There is an urgent need to ask tough questions and experiment
with redesigning global governing practices to solve the complex
policy challenges of the 21st century.

Is it time to move beyond the closed doors of the UN Conference
of the Parties (COP)?

Do we need a “Conference of the Peoples” — the people’s COP?
The digital disruptors explored in this Agenda open up new ways to

empower the growing networks of non-state actors and strengthen
polycentric governance systems [147,148].



INNOVATING IN HOW WE GOVERN DIGITALLY ENABLED LEVERS

Faced with increasingly complex global challenges and declining trust The early outlook for the internet was that it would usher in a new

LQ WKH SXEOLF LQVWLWXWLRQV UHVSRQVLEOH IRU D eredf abvoudntapilityverid ihdtitical empo@ernieit,@Xpanding citizens’

are looking toward innovative approaches to governance [148,150,151]. participation in policy-making. While some of these hopes have been

Many of these are focused on expanding participation among different realized, many have not because we, as a society, failed to anticipate

sectors of society beyond formal government bodies. This may be an how the digital age would unfold. The digital age has disrupted the

important trend as the 2020 Edelman Global Trust Barometer Report rules and power structures of traditional governance systems, but the

IRXQG WKDW JRYHUQPHQW RIl¢ FLDOV DUH DPRQJ WKH FROHNDRR\P MAMU KDWH & RQYGRLIZBXWOOMG WR D QHW EHQH¢ W WR VRFL
while company experts, academics, and peers are among the most because the digital revolution expanded so rapidly that the societal tools

trusted [20]. If trust is the basis of effective governance, as Ostrom of the analogue world have not been able to anticipate and steer the

indicated, then these results suggest we need innovation in governance transformations underway.

that moves beyond traditional government bodies.
Challenges remain, but the prospect of the positive potential of the

Innovations in technology, practice, and advances in social science FKDQJHV XQIROGLQJ DUH VLJIQL¢, FDQW OXFK RI WKH UHFHQW
offer opportunities for increasing the effectiveness and legitimacy global environmental governance landscape has been enabled and/

of new strategies and hybrid models of governance. For example, RU LQAXHQFHG E\ WKH GLJLWDO DJH > & @ 6SHFL¢ FDOO\ L
WKH *RYHUQDQFH /DE > @ DQG WKH 1DWLRQDO (QGRGRPMOXWSWRWBEBIGHOWMHHRQDO PXOWLODWHUDO JRYHUQDQFH VWUXF
Technology and the Arts (NESTA) have researched, experimented with, unprecedented shift in transparency that has empowered the growth of

and catalogued a range of innovations in governance and decision- informational governance approaches, and increasing focus on governing

making models. The MacArthur Foundation supports a global research ARZV Rl JRRGV DQG VHUYLFHV UDWKHU WKDQ VLPSO\ SODFHV
network on opening up governance to improve lives [148]. The Earth (2) increasing the connectedness of different actors across the globe,

Systems Governance Project [152] is a global alliance of leading which has enabled a rise of more collaborative governance models; and

researchers collaborating to understand what works best in the context of (3) creating intelligent systems that are supporting the development of

governing challenges associated with global environmental changes and smart governance of cities, electric grids, land systems, and more.

to explore novel governance mechanisms for sustainable development.
Do these disruptions to traditional governance structures hold the power

Innovation in governance is not just happening in the lab, it is being to spur the deep societal transformations needed to build a climate-safe

carried out in real time across the globe. Communities around the and equitable world? Perhaps, but as with most big opportunities there

world are experimenting with how to leverage the increased availability are risks. Here we explore four digitally empowered levers to disrupt

of data, the expanded ability to engage a greater diversity of people JRYHUQDQFH V\VWHPV WR DFFHOHUDWH DQG H[SDQG VXVWDLQ
in problem-solving, and new advances in technologies to transform LQIRUPDWLRQDO JRYHUQDQFH JRYHUQDQFH RI ARZV FR
governance [81,153]. For example, in Madrid a public platform — Decide governance, and (4) anticipatory governance.

Madrid [154] — for citizen engagement in decision making was launched.

/RRNLQJ EH\RQG JRYHUQPHQWY WKH JOREDO SXEOLF KHDOWK FRPPXQLW\ KDV
explored new approaches to strengthen network-based approaches

to governance [155,156]. For example, the Global Outbreak Alert and

Response Network (GOARN) is a network of technical and public health

institutions, laboratories, non-governmental organizations, and others that

work to observe and respond to threatening epidemics [157]. GOARN

works closely with and under the World Health Organization (WHO) but ==
is directed by a steering committee of 20 representatives from the core

artners [158]. : : . e H
partners [158] Innovation in governance is critical, but it

needs to be collaborative, transdisciplinary,
and grounded in social science.




DIGITAL LEVERS

INFORMATIONAL GOVERNANCE

Unprecedented transparency, mass collaboration, and intelligent
systems are rapidly shifting how information is used and by whom in
environmental governance regimes. These trends are giving rise to what
some call “informational governance” [163,164].

The UN Paris Agreement on climate change is built around a bottom-up
“pledge and review” system, with an “enhanced transparency framework”
that relies on a voluntary disclosure system to hold nations accountable
to their pledges. The effectiveness of this approach is yet to be shown
[165]. But this arena is changing rapidly, and it is still unclear what

role unprecedented transparency — through public exposure via open
data platforms — will and should play in the future in steering action on
climate and related issues, though it is likely to increase. For example,
programmes like Global Forest Watch are creating the possibility for
involuntary disclosure of emissions from forests, enabling anyone in the
world to see the carbon implications of deforestation in near real time.
As new satellites are launched — such as NASA's Geostationary Carbon
Cycle Observatory, which can measure the daily total concentrations of
carbon dioxide and methane at a horizontal ground resolution of 5-10 km
[166], and MethaneSAT, which can pinpoint the location and magnitude
of methane leaking from oil and gas production sites worldwide —
transparency may increasingly be less of a choice than the rule.

The development of digital MRV systems [167], which leverage big

data and satellite imagery to track emissions [168], and digital ledgering
WHFKQRORJLHVY VXFK DV EORFNFKDLQ > @
the power of a pledge and review approach.

The rise of informational governance may contribute to disrupting existing
governance regimes by encouraging closer collaboration amongst new
constellations of actors and, in doing so, potentially overcoming power
imbalances and pre-existing biases [164]. Yet questions still remain
around its effectiveness in different settings and scales.

We are moving from a world of
data disclosure to data capture
and data exposure.

Advancing data and internet
governance is critical to achieving
the Paris climate goals.




We have moved from a world of data disclosure to data exposure. We
could leverage this opportunity to foster trust and reciprocity among and
across communities around the world. But this will require focusing on
data and internet governance as a central part of our climate strategies.

There are many concerns for ethics, equity, and privacy in making certain
data and information public [161-163]. Innovations such as data trusts,
legal instruments to manage data and data rights, have emerged to
address these concerns. Questions also arise and need to be addressed
regarding the effectiveness of relying on transparency for governance and
accountability [173], as many barriers to transparency and accountability
are not technical but rather social and political [106]. Are these issues
that can be tackled? What are the trade-offs among the ethical, equitable,
and climate protection issues and is it even possible to address these
issues simultaneously [174]? What is clear is that the impact of increased
transparency on governance systems depends on what information is
being made transparent, how it is being made transparent, and for what
purpose.

Many are optimistic about the role of unprecedented levels
of transparency in securing more accountable and effective
global sustainability governance. Yet, research suggests
that transparency may not be all that it promises to be. For
example, transparency is often assumed to be essential

to trust, however, the opposite might well hold: there

might need to be trust first, in order to have meaningful
transparency. And thus it is critical to research not only the
design of transparency systems, but also the normative and
political contexts within which such systems are deployed,
as these shape whether
and under what conditions
transparency may realize
its transformative potential
in global sustainability
governance.”

Prof. Aarti Gupta
Professor,

'DJHQLQJHQ 8QLYHUVLW\
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GOVERNANCE OF FLOWS

Global society is a system of nodes (nations, corporations, communities) Traditional land governance has a territorially based focus on tracking
DQG ARZV Rl JRRGV VHUYLFHV LQIRUPDWLR Q andSréglgtidg land Ude Giid\maRa@Qdmeént in a given place an-d is
governance structures are designed to govern the nodes of society and thus unable to tackle the leakage alone. There are signs that land

QRW WKH ARZV DPRQJ WKHP :H PXVW VKLIW WKH |IRIRVWHBQW®RFA RAN MK LAW IDQUHIURP 3WHUULWRULDO" WR 3ARZ F

WR VHHN V\VWHPV FKDQJH LQ RXU K\SHUFRQQHFWHG ZR®& QWX UFRDX\W K UFLHDUWOWA REB WIURIQ SURJUDPPHYV RU YROXQWDU\

governed through agreements such as the World Trade Organization. Yet these are still a long way from solving the leakage challenge.

<HW YLUWXDO ARZV RI JRRGV VHUYLFHV DQG L Q IRR&RrENVELggelts DHaAtH glBHAWH@Rer(5BW Wi réf@estation can be

WUDGLWLRQDO JRYHUQDQFH VWUXFWXUHV 9L UW X DdbedilyRcaihett€dFt® MGdasdd Rivfdtestdtionl il aRatheR Ipart of the

HPEHGGHG JRRGV DQG EDGV" DQG VHUYLFHV GLVX¥RWOGFHV @ ,QFUH@®VLQJO\ D FRPELQDWLRQ RI $, PDVV F

DQG WKH SURFHVV RI 3WHOHFRQQHFWLRQV ™ RU 3Wihparétédentes Odngparenty i¥\bKerdinduB Zew pBsksibilities for tracking

LQIRUPDWLRQ LQ RQH ORFDWLRQ WKDW LQAXHQFH VBKIRGXETIWLRQ D @R QRRHFWKIPFRSOWLRORQJ IRUHVW XVH DQG PDQ

decisions in another region of the world [181-183]. WKH ZRUOG HJ *OREDO )RUHVW :DWFK )RUHVW *LYHQ
R developments in this space, the potential to address environmental

9LUWXDO ARZV DQG WHOHFRQQHFWLRQV FUHDW Hdegldd2@ah@displdced Riiss\nd Bs€okid{dd RvithRelecoupling and

governance structures. As explained by Hallie Eakin and colleagues, leakage through digital mechanisms is proving to be quite high.
the interaction among telecoupled systems “emerges essentially as an
‘ungoverned’ process, such that the indirect outcomes of the interaction $QRWKHU H[DPSOH LV ARZV Rl 3HPEHGGHG FDUERQ’ FDI
often appear unexpected or ‘surprising’ because they lie outside in the production of goods and services, analysed in a full life-cycle
the dominion of the existing governance arrangements” [184]. The assessment. The UN Paris Agreement and most other policy frameworks
LPSOLFDWLRQ IRU FOLPDWH FKDQJH FDQ EH VLJIQL ¢ ddbaséd ok iREdNing®Hebd-pomtlerniddbRsS y@ttscience tells us that
forests. Reducing Emissions from Deforestation and forest Degradation what matters for the climate is the total cumulative emissions in the
5('"" KDV EHHQ LGHQWL¢;HG DV RQH RI WKH OHDVW WPRVBKIHYUH PPHDQV @RULHZ GLJLWDO WHFKQRORJLHV VXFK
tackling climate change [185]. While REDD is included in the Paris could play a key role in enabling systems for tracking the cumulative

$JUHHPHQW LPSOHPHQWLQJ LW KDV SURYHQ GLI¢; PAXFOAWWRL F BSWHOF®/ LFHVR DQG@RXW RI FRXQWULHV WKXV HQDE
LQ ODUJH SDUW EHFDXVH RI WKH LVVXH RI OHDN Dgodernahch &y/Etentt. Butdrelating gdvBrnamde Idystems for the climate

challenge inherent in reducing emissions from deforestation and forest and equity outcomes we seek will require working beyond technology,

degradation in one location often simply displaces the carbon impact to WR XQGHUVWDQG DQG VKDSH JRYHUQDQFH V\VWHPV ZLWKLQ
another place on the globe [186,188]. political contexts.




RESOURCE FLOWS ARE A
GROWING GOVERNANCE GAP




COLLABORATIVE GOVERNANCE

Collaborative governance refers to “the processes and structures of Governments and citizens are already experimenting with putting

public policy decision-making and management that engage people some of these concepts into practice. For example, BitNation is an

constructively across the boundaries of public agencies, levels of organization that is building a decentralized voluntary “nation,” with the

JRYHUQPHQW DQG RU WKH SXEOLF SULYDWH DQG Flg¥d &f exshiditly sthvivg te>“disi@bt the nation-state oligopoly through

Governments, international organizations, and local communities are RIITHULQJ PRUH FRQYHQLHQW VHFXUH DQG FRVW HI¢g FLHQW JF
increasingly turning to collaborative governance solutions to address services” [208], including services such as World Citizenship ID and a

VXVWDLQDELOLW\ FKDOOHQJHV LQYROYLQJ PXOWLSOH YWDNHKRAGIHHQFY SHVS@QVH SURMHFW > @ :KLOH PDQ\ FKD
+RZHYHU FROODERUDWLYH DSSURDFKHV KDYH SURY HRis(Gd-realizing@ni¥ vi8idn, ¥spdetQ bt iteotuild uddk new strategies for
VLIQL¢; FDQW FRRUGLQDWLRQ DQG YHUL¢ FDWLRQ UH Tglethindtheithite ddRMons FAR RiSsRigeRtHethWdeR<S0 novel that

enhanced transparency, and intelligent systems could help to overcome the rules and regulations surrounding its use are poorly understood or

some these constraints. For example, some have suggested the creation ODFNLQJ DOWRJHWKHU > @ 'H¢ QLQJ WKH UXOHV RI WKH HPH
of a big data-driven “transnational sustainability agency” [202] or digital could be an avenue that helps to steer the trajectory of society toward a

“global participatory platforms” [203,204]. Meanwhile, blockchain and Al more inclusive, lower emissions growth pathway.

provide opportunities to strengthen and scale existing frameworks and

principles of deliberate design in governance [146] and socio-technical The potential to scale collaborative governance is interconnected with

systems [205]. Critical to the successful advancement of collaborative data and internet governance. Big Tech companies provide the platforms

governance is the strengthening of institutional structures around that can enable scaling, but the implications for empowering people and

information-sharing and the creation and management of the knowledge sustainability outcomes is still unclear. Steering these efforts towards

commons [206,207]. positive outcomes will require coming to terms with how to regulate

new technologies while working with and confronting the private sector

FRPSDQLHV WKDW FUHDWHG WKHP &RQVLGHU IRU H[DPSOH 6
7KH YLVLRQ RI 6LGHZDON /DEV D *RRJOH DI, OLDWH ZDV WR E
smart sustainable community by collecting data on everything within it,

from water use to human movements. The potential for such a model is

powerful. But privacy and data governance issues prevent the realization

of the vision. Furthermore, while smart communities may rely on

technological connections, intelligent and resilient communities require

people connections. With stronger data governance and public-private-

people partnerships, the trend of Big Tech companies building “smart

communities” could be steered towards the co-creation of “collectively

intelligent community networks” with more inclusive and positive

sustainability outcomes.

With stronger data governance and
public-private-people partnerships,

the trend of Big Tech companies building
“smart communities” could be steered
towards the co-creation of “collectively
intelligent community networks”

6LGHZDON /DEV LQ 7TRURQWR 2QWDULR WDNHQ 2FWREHU 6LGHZDON

Labs, a project of a subsidiary of Google parent-company Alphabet to W|th more |nCIUS|Ve and pOS|t|Ve
create a sustainable and futuristic neighborhood on a former industrial . T
site on the city's waterfront. sustainability outcomes.
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ODSV DUH SRZHUIXO YLVXDO WRROV DQG KDYH ORQJ EHHQ HPSOR\HG IRU D ZLGH UDQJH RI JRYHUQIDQFH SXUSR
of the data, perspectives, and methods which go into creating them and have the potential to open up — or close down — governance options [211]. In the
interest of enhancing governance for both sustainability and equity, it is critical to explore opportunities to diversify data collection and open up access to
high-quality data in support of more participatory approaches to mapping. This requires technical capacity, equitable data governance, and public-private
partnerships that facilitate collaborative issue resolutions.

7KH 1DLUREL &LW\ ZLGH 2SHQ 3XEOLF 6SDFHV ,QYHQWRU\ DQG $VVHVVPHQWY LQLWLDWLYH FRRUQLQDWHG E\
Space Programme), used a range of techniques — from traditional, quantitative GPS data collection to photography and informal discussions — to collect
data to feed into the production of a diversity of maps. This process empowered local populations to create more holistic narratives around city planning,
where addressing social and environmental concerns were understood as complementary goals, and enhanced understanding of the value of public spaces
[211]. This is particularly relevant in informal settlements such as Kibera, Nairobi, where community-led public space projects continue to grow [212,213].

Building off this success and others in the Public Space Programme, UN
Habitat has joined forces with the popular video game Minecraft (through

a public-private partnership with Microsoft) to create even easier ways to
engage citizens in participatory mapping [214]. Crowdsourcing data in this
way has enabled the integration of multiple perspectives and worldviews
into mapping processes that provide direct input to governance, leveraging
opportunities for mass collaboration and intelligent systems to push for more
collaborative approaches to governance.

So far, much of the work done to diversify approaches to mapping has taken
place at local or sub-national scales. Further research, innovation, and
QHDU WHUP DFWLRQ QHHGYVY LQFOXGH

Z 2SHQLQJ XS DFFHVV WR VSDWLDO GDWD DQG DQDO\WLFDO VRIWZDUH WR EXLOG
FDSDFLW\ DQG IRVWHU FRPPXQLFDWLRQ DPRQJVW FRPPXQLW\ OHG LQLWLDWLYHV

zZz 'HYHORSLQJ PHFKDQLVPV WR VWDQGDUGL]H GDWD FROOHFWHG LQ SDUWLFLSDWRU\
PDSSLQJ H[HUFLVHY DQG FR GHYHORS VWUDWHJLHYVY WR DGGUHVV LVVXHV RI
FRQVHQW DQG RZQHUVKLS

Zz &UHDWLQJ SODWIRUPV WKDW LQWHJUDWH DUWY EDVHG SUDFWLFHV ZLWK WUDGLWLRQDO
TXDQWLWDWLYH PDSSLQJ DQG RWKHU TXDOLWDWLYH DSSURDFKHYV

A playground developed collaboratively with local Kibera communities and
Kounkuey Design Initiative using both land and materials repurposed after a
clean-up of the site and revitalization as a public space.




ANTICIPATORY GOVERNANCE

Futures analysis, alternatively referred to as foresight, entails the

LGHQWL¢ FDWLRQ RI DQG UHAHFWLRQ RQ DOWHUQDWLYH SRWH
range of available methods [215]. Given the high degree of uncertainty

and high risk associated with climate change, there is a proliferation of

the use of both qualitative and quantitative futures analysis methods for

climate change mitigation and adaptation [216,217]. However, a deeper

understanding of the implications of this proliferation — including the effect

RI WKH GHJUHH WR ZKLFK SURFHVVHYVY DUH SDUWLFLSDWRU\ W|
a foresight process, and the degree to which underlying assumptions are

made transparent — is still lacking [216].

While the use of futures analysis as an input to decision-making is

certainly not new, it has taken on new meaning in the digital age. In

today’s world, everything is becoming “smart”. We have smartphones,

VPDUW KRPHV DQG VPDUW FLWLHV 7KLV EHJV WKH TXHVWLRQ
building smart governance systems to tackle the climate crisis?

As digital technologies enable more accurate prediction and analysis of
more comprehensive datasets, the use of algorithms to conduct futures
analysis for governance is increasing across a diversity of applications.
This has given rise to anticipatory governance — whereby current
governance mechanisms are used to steer society based on an assumed
enhanced understanding of the future [216]. Anticipatory governance has
taken on a new power in the digital age, enabling the development of
mechanisms that respond ex-ante to highly uncertain societal challenges.
In the case of climate change mitigation and adaptation, societal
objectives are often value-laden and disputed, requiring a more pluralistic
approach to science-policy interactions [218] and a more democratic
design of anticipatory governance systems [216].

Some say the world today is governed by intelligent machines, which

are concentrating power in the hands of those controlling the algorithms

> @ $OJRULWKPV VKDSH ZKDW ZH EX\ ZKDW ZH UHDG DQG H®
or dies [220]. This trend is going to continue and thus urgently requires

the establishment of standards and frameworks to ensure that algorithms

governing society are transparent, ethical, and equitable.

Algorithms are increasingly used by governments at both the local [221]

and national levels [222]. Consider, for example, policing, which has

seen a paradigmatic shift from “focusing on what happened to focusing

on what will happen”, calculating statistical likelihood as a mechanism to

foster effective preventive action [223]. Predictive policing is a method

that uses “computer programs and new mathematical algorithms ...

helping law enforcement agencies better predict when and where crimes

will occur” [224], and may increase effectiveness of law enforcement by

LQFUHDVLQJ HI¢ FLHQF\ UHJDUGOHVYV RI DYDLODEOH UHVRXUFH




Risks or critiques associated with anticipatory governance include that
this form of governance may perpetuate biases, that it could diminish the
accountability in governance regimes, and that assumptions underlying

WKH DOJRULWKPV FRXOG EH LQVXI¢, FLHQWO\ WUDQ

at least in part because regulatory frameworks too often overlook the
relevance of the complex relationship between different stakeholders
— including developers, users, regulators, and the individuals who are

XOWLPDWHO\ SUR¢ OHG + WR HYDOXDWLRQV RI SUH

The use of predictive algorithms has been observed across a variety of
VHFWRUV LQFOXGLQJ KRPHODQG VHFXULW\ >
PLQLQJ > @ KDELW IRUPDWLRQ >
The use of predictive algorithms for governance requires the input of vast
quantities of data — something humans are producing at an exponential
rate in the era of big data [232] — as well as advanced analytical
capabilities to process these data.

@

Could anticipatory governance be used to build sustainability and equity?
Some have proposed and are beginning to explore such applications.
The approaches fall on a spectrum ranging from top-down authoritarian —
which Peter Seele [202] has called the “Digital Sustainability Panopticon”
— to more open and participatory, with a diversity of stakeholders working
together to collect, manage, and analyse big data [233,234].

There are signals that this method of governance could be highly

Hl¢ FLHQW + IRU H[DPSOH LQ SUHGLFWLQJ HPLVV
many questions remain about how, if, and when anticipatory governance

is appropriate. Singapore and China are rapidly moving towards a

governance system that is using citizen data and predictive models to

govern society [235]. The Chinese government has partnered with private
companies to use big data and Al to build a digitally powered “Social

Credit System”, which will be fully operational by 2020. The system,

which the government argues will be used to measure and enhance trust,

has been criticized as a form of “mass surveillance” [236]. Increasingly,

it is clear that mass surveillance by governments and companies is

becoming widespread. In 2013, Edward Snowden, a contractor to the

US National Security Agency, revealed to the world that mass digital

surveillance has become common practice in the US. The questions

ZH QHHG WR DVN DUH
What regulations can be established to prevent malicious use of these
tools? Are there models for ethically using these digital powers to track
and reach the masses to address global challenges? It is urgent that
we unpack the risks associated with anticipatory governance now —
especially since it is already being tested and implemented.

But research suggests that anticipation and foresight should not just be
left to machines. Combining collective intelligence (Cl), enabled by the
mass collaboration of people, with Al might be what is needed to make us
more intelligent and effective in tackling the complex problems of today
[237].

@ DQG FRQVXPHU EHKDYLRXU >

+RZ GR ZH SODFH JXDUGUDJLOV RQ WKLV QHZ UHDOLW\"

Anticipation should not\)ust be left to machines.
&anlf)Pn?ng Eollective@ntéﬁibeﬁcve (CI), enabled byhe
mass collaboration of people, with Al might be what
ds peedad 1o, makespcietyymore effective in tackling

the complex problems of today.

@

RQV DQG EHKDYLRXUV = EXW

$ OLYH GHPRQVWUDWLRQ XVHV DUWL4 FLDO LQWHOOLJHQFH DQG IDFLDO UH

crowd at the Las Vegas Convention Center during CES 2019 in Las Vegas on
January 10, 2019.







The confidence people have in their
beliefs is not a measure of the quality of
evidence but of the coherence of the
story the mind has managed to construct.

Daniel Kahneman
I1REHO /DXUHDWH




GOAL

Disrupt the rules, power structures, and mindsets that constrain
climate action by steering digital disruptors to drive changes in

existing cognitive systems. Scale these systems changes to unleash
the transformations needed for climate-safe and equitable outcomes.

WHAT WE ASKED

How are digital disruptions to cognitive systems shifting the formal and informal ~ Can these digital disruptions be leveraged to unleash equitable societal
rules, the distribution of power, and the individual and collective mindsets that transformations to a net-zero carbon emissions world? If so, how?
are currently sustaining our unsustainability?

WHAT WE FOUND

‘H LGHQWL ¢, HG Wikitdlly en(paneréd I€vérs of change  as having the potential to positively disrupt existing rules, power structures, and mindsets of
cognitive systems.

'*' 7DUJHWLQJ FRQWHQW DQG QXGJLQJ LQG LYLGX"VStWiEsZJtB(B\AnW@\HEstFpo@eHIﬁmb’djgt@ngthe building and
have long been used in any number of types of political, commercial and sharing of stories is rapidly changing. Powerful Collective Stories , which
SXEOLF FDPSDLJQV 'LJLWDO FDSDELOLWLHV KDY HisBd&téke getasiedvaidHeven dahituFds @ Lhavk Hlabal impact, can
enabling the Microtargeting and Nudging WKDW FDQ SHUVRQD O L Jnewle@éryeHrQriorths. These can be malicious and manipulative, or co-

at scale. While much concern has been raised around how these can created and generative. A critical challenge for the climate movement is
EH PDQLSXODWHG WKH\ KDYH DOVR EHHQ VKRZQ WR tEsteeP tHdRedigitR transioknatioaRstt @dpower and accelerate the
behaviours and social norms. As microtargeting and nudging are now growth of collective narratives that are both fact-based and values based,
embedded in the digital social and economic world, it is incumbent on without encroaching on basic human rights.

society to explore how to regulate this power to avoid malicious outcomes
and advance. "' Stories engage people more than simple facts. But experiences can build

empathy and connection to what might otherwise be distant issues. The

use of mixed reality tools has given rise to a new type of Augmented

Engagement that can create experiences through the merging of virtual

and physical worlds. These can be powerful public engagement tools

DQG KDYH EHHQ VKRZQ WR LQAXHQFH EHKDYLRXU %XW WKH\ K

explored as a means for scaling engagement strategies.



RESEARCH & INNOVATION

Each of the levers of change listed above are already in place at different scales and in different sectors. The research and innovation needs outlined below were
developed to help guide and scale these levers to drive societal transformations towards a climate-safe and equitable world.

RESEARCQUestions we need to answer.

~  What are the interconnections between changes in individual and collective mindsets, and how do these translate to collective action? How have these links
shifted in the digital age? Do these provide an opportunity to steer and scale inclusive collective action on climate change?

~  How effective and efficient is digital nudging for influencing behaviour and mindsets at scale? What are the implications for sustainability outcomes? Can nudging
be legally and ethically mandated at a global scale? If so, how could the mandated nudges be determined?

~ Why do some concepts and narratives become embedded in societal discourse while others do not? How do they shape societal change? How has the
emergence and reach of new concepts and narratives changed in the digital age and how does this vary with social and cultural context?

~  Whatis the relative importance of social movements in shifting individual beliefs and cultural and social norms and in shaping policies? How have these changed
in the digital age and how do they vary with social and cultural context?

~ How can we minimize and mitigate the risks of using digital technologies and platforms to manipulate cognitive biases and amplify specific worldviews? Can
these mechanisms be used ethically to foster a new shared narrative centred around net-zero carbon emissions and global equity?

~  Can augmented experience change human mindsets and norms at scale?

INNOWVATIOWhere we need to experiment and learn by doing.

Build a network of targeted engagement strategies that leverage mixed reality tools and intelligent systems to co-create new meta-narratives across
populations and geographies.

Explore methods that leverage unprecedented transparency, mass collaboration, intelligent systems, and mixed reality to help build collective narratives
that draw on emotions and create a credible and legitimate shared view of reality.

Develop automated programs to monitor the sources, spread, and uptake of fake news. In parallel, developing transdisciplinary initiatives to empower
individuals to evaluate the veracity of news.




COGNITIVE SYSTEMS

Cognitive systems refer to systems (human or otherwise) connected with the acquisition and processing of information and knowledge. Psychologists and

HFRQRPLVWVYV KDYH VKRZQ WKDW KXPDQ FRJQLWLYH VI\VWHPV LQAXHQFH DQG DUH LQA XHQFHG E\ VRFLDO DQG FXOW
Today, human and social cognitive systems are embedded in machine systems (Figure 7). Data from individual and social behaviour are used by machines to

LQAXHQFH ERWK PDFKLQH DQG KXPDQ EHKDYLRXU ODFKLQHV OHDUQ IURP RWKHU PDFKLQHV DQG KXPDQV 7KH UHVX
SHRSOH ZKR GHYHORSHG WKHP > @

NORMS

Social and cultural norms —
widely accepted and practised
modes of conduct — are both
a consequence and facilitator
of human behaviour and
VRFLDO LQWHUDFWLRQV > . @
What other people do and ! ]
WKLQN LQA XHQFHV LQGLYLGXDO
and collective behaviours

and cognitive processes, with

important implications for

societal outcomes [241-243]

In particular, social and cultural

norms have been shown to

KDYH D VWURQJ LQA XHQFH RQ
human behaviours related to !
climate change [240,244,245] e CRLE LT LE LR TR
and therefore play an important
role in determining emissions
pathways.

Figure 7. Human-machine cognitive systems are intertwined. They interact across three levels — individual, person-to-
SHUVRQ DQG SRSXODWLRQ 7RJHWKHU WKHVH GL*HUHQW OHYHOV RI KXPDQ PDFKLQH LQWHUDFWL
UHVKDSH VRFLDO QRUPV DGDSWHG IURP > @







In-person interactions have formed the backbone of cognitive engagement
for millennia. In the digital age, people are becoming increasingly focused
on virtual interactions, with many implications for cognitive engagement
strategies to address issues such as climate change.

As Erik Assadourian of the World Watch Institute [246] argues, our

SQRUPV VWRULHV ULWXDOV YDOXHV VI\PEROV DQG WUDGLWI
LQ SXEOLF DQG SULYDWH LQVWLWXWLRQV DQG WKXV LQA XHQF
life choices. In fact, research suggests that these cognitive factors are

potentially more important for securing broad and long-term behavioural

changes than the conventional wisdom of economic self-interest [247].

But norms can change and have changed rapidly in the past, for

example, rapid shifts in smoking patterns [248], acceptance of same-

VH[ PDUULDJH > @ DQG VKLIWV LQ FKLOGEHDULQJ SDWWHUQ
system changes towards sustainable consumption and production will

likely co-evolve with shifts in social and cultural norms [250].

COGNITIVE BIASES

Human cognitive systems are constrained by a range of biases. For
example, we are biased towards maintaining the status quo, considering
the present over the future, pre-existing beliefs over new ideas, and
avoiding losses over securing equivalent gains [251-253]. These
cognitive biases result from the fact that human brains rely on two
different systems for processing information and making decisions [254].
System 1, often described as the fast processing mode, is intuitive,
automatic, and emotional. System 2, the slow processing mode, is
deliberate, analytical, laborious, and rational [254]. Both these systems
continually operate to guide human judgement and decision-making
[255]; however, because human brains are “cognitive misers” [256], they
often default to System 1. As a result, social, emotional, and cultural
IDFWRUV RIWHQ H[HUW D JUHDWHU LQA XHQFH LQ JXLGLQJ KXP
than rational thinking [254].

Cognitive biases facilitate fast learning by short circuiting deliberative
processing. Research indicates that these cognitive biases also inhibit
rational deliberation on complex issues such as climate change, and
may contribute to the gap between recognition of a crisis and the failure
to take actions to address it [257]. Understanding these cognitive biases
has opened up new strategies for addressing sustainability challenges,
by either leveraging these biases for shaping behaviour — for example,
through nudging behaviours — or overriding them through, for example,
automated systems.

The digital age has enabled new opportunities to expand and scale
engagement and intervention strategies that leverage or override human
cognitive biases, but many bring their own social, ethical, and legal
challenges.



MACHINES AND HUMAN COGNITION

Throughout history, human cognition has been shaped by tools such as

ODQJXDJH > @ ZULWLQJ DQG PDWKHPDWLFV > @ ,W LV WK
that the internet has profoundly changed human cognitive behaviours

and processing [260]. Extensive and continuous interaction with digital

technologies has altered individual cognition as well as social cognitive

processes. Over the last two decades digital interactions have shifted

human cognitive processing towards more shallow modes of learning,

increased distractibility, and increased tendencies to addictive behaviours

[260]. But they have also created opportunities to expand human and

social cognitive processes.

For example, even when people rationally understand what climate
change is, they often don’t have the cognitive processing capacity to
analyse all the relevant information, and thus they default to cognitive
System 1, which reinforces intuitive behaviours embedded in social and
cultural norms that tend towards the status quo [261,262]. According to Al

Extensive and ContinUOUS interaction Wlth pioneer Yoshua Bengio, current technology can replicate System 1 with
L . . o increasing success, although it is still far from achieving the performance
d|g|ta| techn0|og|es has altered |nd|V|d ual and rationality of System 2, which is one of the main avenues of research

. .- in current Al and one of its biggest disruptive potentials [263]. Thus, the

and social Cognltlve processes... and can digital world is extending society’s System 1 processing and the existing

: biases embedded within them.

shape social norms.

Digital disruptors are altering our cognitive systems and can shape social
norms [75]. But developing effective strategies to do so that are ethically,
legally, and ecologically sound requires much research, innovation, and
near-term actions.

A number of proposals have been made for shifting cognitive patterns,
including consciously nudging people towards low-carbon and climate-
resilient choices [251,264], building new narratives [265,266], and social
movements [267,268].

Here we explore three digitally empowered levers to disrupt cognitive
V\VWHPVY WR DFFHOHUDWH DQG H[SDQG VXVWDLQDEOH DFWLRQ
and nudging, (2) collective stories, and (3) augmented engagement.




Personalized recommendations and content are now a standard

part of digital interactions. Driven by big data and machine learning,
corporations, political campaigns, health promoters, and educational
programmes all turn to microtargeting tools to pierce through the
information overload and cognitive biases and make it personal. These
methods are increasingly being used by advocacy groups to target
FOLPDWH DGYRFDF\ HIIRUWV )RU H[DPSOH
with social scientists, data scientists, and climate advocacy groups to
connect knowledge to action on how to best build social movements
around the climate crisis in the United States. In Canada, the Mila Al
institute is developing a tool that aims to generate images that depict
accurate, vivid, and personalized outcomes of climate change using
machine learning tools to help people visualize climate change on a
SHUVRQDO OHYHO > @

People tend to be more susceptible to
nudges than attempts to persuade using
rational arguments or facts.

The digital age has transformed daily life with the increasing

omnipresence of connected devices that suggest what to buy, what

to read, what to eat, when to exercise, who to connect with, and who

to vote for. These suggestions are made in the form of “nudges”.

,Q EHKDYLRXUDO HFRQRPLFV QXGJHV UHIHU WR D PHWKRG RI
behaviour changes through small changes in how choices are presented

WKH &O L Pan iddiSicGud RftipBt\actDally Zleruhdltkie choices. Nudges are based

on the understanding that the person’s decision environment, or “choice

architecture”, may be constructed in such a way that it enables them

to make “better choices” [264]. Richard H. Thaler, who won the Nobel

Prize for his work on nudging, argues that what constitutes “better” is

GH¢ QHG E\ WKH LQGLYLGXDO PDNLQJ WKH FKRLFHVY )RU H[DPS
way that choice architecture is used to nudge healthy eating behaviour

is to strategically position healthy food items in the supermarket or a

restaurant [271].

Nudge theory emerges from cognitive and social psychology research
demonstrating that people’s decision-making is usually not rational but
shaped by cognitive biases and heuristics [272]. As Nobel laureate
Daniel Kahneman has shown, the vast majority of human decisions

are made by System 1 (the fast thinking mental system) rather than
System 2 (the rational mental system) [252]. As a result, people tend to
be more susceptible to nudges than attempts to persuade using rational
arguments or facts [272].

Nudging did not emerge from the digital age, but the rapid pace of

LOQQRYDWLRQ KDV DPSOL¢ HG WKH LPSDFW RI QXGJHV ,Q WKH |
live with multiple overlapping and competing nudges that increasingly

LQA XHQFH RXU GHFLVLRQV 'LJLWDO QXGJLQJ EOHQGV FRJQLW
sciences, big data, and machine learning to microtarget nudging at

D PDVVLYH VFDOH ODFKLQH OHDUQLQJ GHYHORSVY DQG UH¢ QH
and images that are most likely to persuade an individual to take a

certain action based on that person’s data. Nudge engines can now be

purchased as a service from companies such as Humu or scaled through

the use of bots, which are automated software applications that run

repetitive programs.



Microtargeted nudges can be powerful forces of good. For example, Climate change is humanity’s biggest
imagine if everyone was nudged to choose healthier food, be more crisis. A critical obstacle to addressing

physically active, and save for retirement. However, nudging can also . L . .

EH XVHG WR XQHWKLFDOO\ PDQLSXODWH SHRSOH IRU SROLWLFDO SRzH{ . qpol[SFYsis is that, despite the growing
EHQH;W RU PDOLFLRXV LQWHQW ODFKLQH OHDUQLQJ KDV HQDEOHG ERwv wR intensity of extreme weather events, to
become an increasingly sophisticated means of mass nudging — as many people climate impacts still often
IDPRXVO\ GHSOR\HG E\ IRUHLJQ KDFNHUV WR LQA XHQFH WKH 8QLWH seem distant and abstract. Machine
States (US) election [273]. The classic example of unethical use of . . . .
PLFURWDUJHWLQJ QXGJHV ZDV WKH FDVH RI WKH SROLWLFDO FrRQvxowlqs o upLearming and interactive technologies

Cambridge Analytica, which combined data mining, data analytics, could help make climate risks more
DQG VWUDWHJILF FRPPXQLFDWLRQV WR LQAXHQFH SROLWLFDO RXWFRPHV ,Q concreteandmorepersonaI.Our
Cambridge Analytica unethically and illegally collected and manipulated hope is that these technologies will

personal data from millions of Facebook users to drive support for the

Trump presidential election. The power of digital nudging is only likely to enable the Scahng of more targeted

increase as companies invest in the design of Al-powered bots, capable and pe_rsonalized pUb”(? engagement
of both socializing with users and generating predictive models of their strategies that could ultimately
behaviour [274]. strengthen collective action.”

While microtargeting and nudging are frequently applied for political and
commercial purposes, in recent years the use of nudge techniques has
increasingly been explored to achieve policy goals [58,275]. This is an

HPHUJLQJ ¢ HOG LQ SROLF\ EURDGO\ DQG LQ VXVWDLQDELOLW\ VSHFL¢; FpOO\ 0 Prof. Yoshua Bengio
work is still needed to understand the potential scale of the impact, the A.M. Turing Award, 2018;
ethical and privacy implications, what it would take, and how it would be Scientific Director,
implemented to effectively nudge society for global climate policy goals. 0 L &Il professor,

8QLYHUVLW\ RI ORQWWH!
Co-Founder (OHPHQW $,




STORIES CONVEY THE VALUES,
HISTORY, AND CULTURE THAT
UNITE PEOPLE.




1DUUDWLYHY DUH WKH VWRU\OLQHV WKDW GH¢ QH W YRB\ GHWA HFIWK R XJWH FHD@W BY DUWLFXODWHG QDUUDWLYHV

and are articulated within and across social and cultural networks. WKH 3LPDJLQHG IXWXUHV™ WKDW >«@ GULYH RXU VRFLHWLH
They unite us and give us purpose. A classic example from the US He went on to conclude that “changing narratives and thus changing

LV WKH VWRU\ RI 3BUHVLGHQW -RKQ ) .HQQHG\TV ¢ Unagined fuuires/ call Rarksha$ideds\aktitudes, and institutions and

proclaiming to the US Congress that the country “should commit itself DUH WKXV HVVHQWLDO WR HIIHFWXDWH VRFLHWDO FKDQJH"
to achieving the goal, before this decade is out, of landing a man on

the moon and returning him safely to the Earth” [276]. During his tour In the digital age, narratives can change and spread at unprecedented

of the NASA facility, President Kennedy and was introduced to the rates. What's more, these narratives have proven to be powerful

janitor of the facility and asked him what he did for NASA. The janitor avenues for rapid social change. #MeToo emerged and drove real

UHVSRQGHG 3, DP KHOSLQJ WR SXW D PDQ RQ WKHcPkaRge QT the gro@nd in less thaD @yedv. RRuidaysforFuture expanded
LGHQWL¢ HG KLPVHOI ZLWK WKH 1$6%$ PLVVLRQ D Q G frorwone Qdpsorut®arglolyaHmovevignt within a matter of months. The

purpose. power to change narratives at scale today is unparalleled in human
history. But how that can in turn scale deep societal transformations

A more universal example is the role of narratives in religion. Across is still an experiment in the making. With targeted research,

the full range of religious groups, narrative plays a key role in innovation, and adaptation, the potential for change in this space is

conveying meaning and making principles accessible. Whether it is unprecedented.

Hinduism, Christianity, or Islam, narratives play a key role in uniting
culture and giving purpose [278].

#FridaysforFuture expanded from one
person to a global movement within a
matter of months. The power to change
narratives at scale today is
unparalleled in human history.

Swedish climate activist Greta Thunberg, 16, started a school strike for climate
in front of the Swedish Parliament in August 2018. A year later she traveled
across the Atlantic by boat to speak at the climate summit in New York as a
leader of the global youth movement.




WHO DEFINES REALITY? THE SHIFTING ROLE OF THE MEDIA

Arguably the biggest challenge to sustainability from the digital revolution . . o )
is not the |oT, biotech, or big data, but rather the ability to distinguish Since the Enlightenment of the 18th century, the principles of reliable,

IDFW IURP ¢ FWLRQ ,Q WKH ODVW GHFDGH ZLQQLQJ é‘?sz‘T_te\%{'EfErfg?i'o[?%‘%@‘gﬂ(\?)ﬁPﬂ?ﬂ'Qeﬁe{? iple description
TR S . of reality have been Fegarded as essential to functional and fair
suggested that globalization is to blame for job insecurity, wage

. . I governments, complex societies, and thriving economies. The news
stagnation, and waves of migrants. On the other hand, winning techno- . . .
N . . media has an important role to challenge propaganda, but the media’s
optimistic narratives have focused on connecting people around the

QA _X P.D\ ql-!i R’_ﬁl__ x% WZLQ SUHVVXUHV WKH HUF
ZR.UOG RUJDQLJLQJ WKHLU LQIRUPDW.LRQ DQG FUHD\Anh(% %b%'sngs@%g(?gl%a |&§Wor&%i‘th‘e (')ganIi-'ﬁL{r{ceofsocial

leading to greater personal freedom. In contrast to both, narratives on ia_platforms i cess to other information. Media

WUDQVIRUPDWLRQV WR VXVWDLQDELOLW\ DUH R|WHQ”8?iazp.%thPé‘-rb eLﬁ% ﬁ‘ﬁ)‘”ﬁ?—i‘ﬁ h?ﬂ‘ﬁgﬁ:ﬁmv

Those that are breaking through are strongly contested along political companies iavé lost revenues o search engines that provide content for
it o 9 g gy 9p IUHH DQG DUH WKXV ORVLQJ WKHLU JDWHNHHSLQJ UROH LQ GF

while academia builds knowledge and understanding of our world, only
0.5% of academic articles make it to the mass media — academics are

One study has shown that “fake news” — which often triggers strong largely speaking to themselves

reactions of surprise, disgust, or fear — travels six times faster and can
reach up to 100 times more people than accurate information [280].
Another study estimates about half of all parents with young children are
exposed to anti-vaccine messages on social media [281]. Given how

In the digital world, new gatekeepers have replaced the old guard and the

ARRGJDWHY KDYH RSHQHG &KHFNV DQG EDODQFHV DUH E\SDV
pervasive this issue has become, more research is needed to understand 0|; c(i?eftéo%eg. -th (bgarltzoua;cgs(sg ?agiwdlgnfw Easl g'r;ppstbeé:?sg QDQFLDO RU HGLWH
the sources, spread, and uptake of fake news, including the creation of a ¢

FRPSUHKHQVLYH GDWD FROOHFWLRQ V\VWHP > @ $URXQG + RI 7ZLWWHU
accounts — approximately 48 million accounts — are bots. That number A NEW KIND OF POWER

ULVHV WR = PLOOLRQ DFFRXQWV RQ )DFHERRN /RZ FRARGIshNeRdn Hirde3! 5 Resalttdr e Réliters Institute for the

heavily supported by bots, so curbing them may be an effective strategy Study of Journalism, argues that digital media platforms hold three types
for mitigating the spread of online misinformation [283]. But don’t blame RI ZHU R KDUG DOG VRIW SRZHU DUH KHOG E

SR TKH ¢ UYW WZ
WKH ERWV IRU HYHU\WKLQJ UHDO SHRSOH DUH WKH RQUIMERNWO LNEO it kiR N Bk Bower (288,

news on social media [48]. Platform power includes the power to set standards, to automate action

at scale, to make and break connections, and to operate secretly. But

LW LV DOVR WKH SRZHU WR GH¢, QH UHDOLW\ +RZ FDQ WKHVH ¢
to support collective storytelling around societal goals and fact-based

People are more likely to believe the information that is repeated
regularly. And we tend to evaluate information more favourably if it comes
from people within our tribe or matches our current beliefs. Algorithms 1AV s
H[SORLW WKHVH ELDVHV WR LQAXHQFH DQG SUHGLFV\)NCEWEBSYLRXU DQG NHHS XV

clicking. A recent report found that algorithms used on YouTube are

escalating the spread of climate misinformation videos on their platform.

2QH NH\ ¢ QGLQJ RI WKH UHSRUW ZDV WKDW DW OHDVW Rl WKH ¢ UVW YLGHRYV

suggested on YouTube.com based on a search for “global warming”

featured false information about climate change [284]. The fact that

the editorial team at Nature Communications pointed to the spread of Fake news travels SiX times faster

misinformation and ‘fake news’ as a major barrier to climate literacy and,

XOWLPDWHO\ WR FOLPDWH DFWLRQ HPSKDVL]HV WKHa/mdQJaere&(r;hFupwgiO@ztjmesamore
trend [285]. Further, social media ecosystems are predisposed to . .
spreading emotionally charged messages over fact-based content. In the p60p|e than accu rate |nf0rmat|0n-
UK, the highly successful media and social media campaign to leave the

European Union focused on an emotionally charged message of fear of

immigration, while the campaign to stay in the EU was based on the logic

of economic cooperation. It stood little chance. As the last US presidential

election reached its conclusion, about one in four Americans visited a

fake news website, and about half of these people believed the stories,

particularly if the stories favoured their preferred candidate [286,287].




Man stands in the woods, experiencing nature physically in the forest and

Stories and experiences that draw on emotions, values, and worldviews

tend to be more effective in engaging people than simply reporting facts

> @ 6WRU\WWHOOLQJ LV UDSLGO\ FKDQJLQJ > @ WKURXJK Yl
in data and imagery, stories are increasingly becoming more powerful

means of emotional engagement. The next rapidly emerging means

of public engagement is leveraging virtual and augmented reality to

blend stories and experiences together to build empathy and connect

emotionally.

Virtual reality (VR) and augmented reality (AR) have been characterized

DV WKH XOWLPDWH 3HPSDWK\ PDFKLQH" > @ WKURXJK LPPHUYV
experiences. While many question the true impact VR and AR can have

RQ EXLOGLQJ HPSDWK\ DQG VKLIWLQJ EHKDYLRXU > @ WKH\
being explored in a range of sectors from education to public health

> @ ,Q IDFW VRPH KDYH UHIHUUHG WR WKHVH IRUPV RI LF
HQJDJHPHQW WRROV DV WKH QH[W IURQWLHU LQ EHKDYLRXUDC
Promising exploratory work has been conducted that demonstrates

positive connection between immersive storytelling and increased public

HQJDJHPHQW DURXQG FOLPDWH FKDQJH > @

Immersive virtual engagement offers fundamentally new ways to

communicate the causes and consequences of climate change. Much

research and experimenting are needed to explore the potential of VR

and AR in public engagement efforts around climate change. However,

HDUO\ UHVHDUFK > @ VXJIJHVWV WKDW LPPHUVLYH YLUWXDO |
help to (1) build understanding of complex issues such as climate change

> @ HQJDJH HPRWLRQDO UHVSRQVH WR VLPXODWHG FKDQ.
YLVXDO DXGLWRU\ DQG KDSWLF VWLPXOL > @ DQG HOLFL

Apple CEO Tim Cook captured the challenge and opportunity of
augmented engagement when he said “AR is the future, but fake news is
UXLQLQJ HYHU\WKLQJ > @

People who experience stories through
immersive VR tend to think “I was there;
therefore, it is real, and it matters.”

YLUWXDOO\ WKURXJK 95 ZKLFK SURYLGHV SHUVRQDO H[SHULHQFHV GH4 QHG E\ PL[HG

realities.
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Public concern and awareness of climate change does not match the

magnitude of its threat to humans and our environment. One reason for this

PLVPDWFK LV WKDW LW LV GLI¢{ FXOW IRU SHRSOH WR PHQWDOO\ VLPXODWH WKH FRPSOH[ DQG
probabilistic effects of climate change. People also have trouble visualizing the

impact that our actions will have on our future, especially if the consequences

are long term, abstract, and at odds with current behaviour and identity.

To overcome these challenges, a team at Mila Al institute, led by Professor

Yoshua Bengio, is working to develop an interactive personalized visualization

tool powered by Al to enable a user to see what a location of their choice

(e.g. their house) will look like in 2050 or 2100 according to various climate

VFHQDULRY 7KHVH VFHQDULRYV ZRXOG LQFOXGH WKH FDVH RI LQVXIl¢ FLHQW JOREDO DFWLRQ
as well as cases where individual action (like buying electric vehicles) and

FROOHFWLYH DFWLRQ OLNH PHHWLQJ WKH 3DULV $JUHHPHQW JRDOV FDQ LQAXHQFH RXU
current trajectory

7 &DQ SHUVRQDOL]HG VWRULHV VKLIW LQGLYLGXDO ZRUOGYLHZV PLQGVHWYV DQG
EHKDYLRXUV"

z ,] VR KRZ FDQ ZH HIIHFWLYHO\ EULQJ WKLY DSSURDFK WR VFDOH WR GULYH VRFLHWDO
WUDQVIRUPDWLRQV"

7z +RZ GR ZH FRPSDUH DQG FRQWUDVW WKH HQYLURQPHQWDO FRVWV RI $, WUDLQLQJ
QHXUDO QHWZRUNV WUDYHOOLQJ WR FRQIHUHQFHVY HWF DQG LWV EHQH¢ WV"

7 +RZ ZLOO VRFLHW\ DW ODUJH UHDFW WR VXFK $, JHQHUDWHG LPDJHU\" :KDW DUH
WKH SUHYHQWLYH PHDVXUHV WR WDNH WR PDNH VXUH WKDW LW LV QRW SHUFHLYHG DV
PDQLSXODWLRQ DQG SDWHUQDOLVP"




IMMERSIVE PLATFORMS

There is a growing interest in using virtual and augmented reality in
platforms, even among leading media outlets such as The New York
Times and the BBC. With new 360° VR technologies, storytelling can be
immersive and personalized, which can make stories feel more real and
potentially foster more emotional connection to them. Research suggests

> @ WKDW SHRSOH ZKR H[SHULHQFH D VWRU\ WKU Pokemon GO s a location-based
. . . . " . augmented reality game that
journalism tend to think, consciously or not, “I was there; therefore, it combines the use of smart mobile
LV UHDO DQG LW PDWWHUV" > @ :KLOH UHVHDUFK F [ S QRAHIBgYWithleNsical exploration
issue, where “a core question is whether virtual reality can provide similar LQ WKH UHDO ZRUOG -W TXLFNO\ EHFDPH
feelings of empathy and compassion to real-life experiences” [301], the a global phenomenon in 2016. Its
technologies and applications are rapidly expanding. innovation in engaging people of all
ages was to superimpose computer-
Immersive VR technologies may prove to be powerful means for generated information over physical

surroundings — putting virtual

augmenting traditional storytelling and public engagement strategies creatures in real-world locations.

around complex challenges such as climate change. But they can also
be weaponized through manipulative tools such as “deepfakes”, which
are a form of disinformation that uses machine learning algorithms to
create audio and video of real people saying and doing things they never
actually said or did. These are rapidly becoming indistinguishable from
reality [302] and much more widely accessible. It is now possible to make
a fake video of a person speaking in just a few minutes from just a few
images of the person’s face. New user-friendly tools, such as FaceApp,
allow people to develop deepfakes without any programming or coding
experience [303].

The rapid rise of mixed reality tools offers fundamentally new ways

to engage people with the climate crisis, build empathy for distant
populations, and shape norms. But this shift also poses severe threats
to our democracy as disinformation campaigns can lead to more
extensive manipulations of human perceptions and social interactions.
Urgent actions are needed to address misinformation while research
and experimenting are needed to explore the potential of VR and AR in
enhancing public engagement efforts around climate change.

Artist and activist, Glenn Cantave uses mixed reality to amplify the
narratives of marginalized communities. Inspired by the power of
Pokémon Go to engage people, he wants to leverage these same tools
to reorient social activism. The Monuments project tags historical
monuments that document historical injustices and replaces them with
digitally created monuments that represent the voices of marginalized
communities.




CROSS-CUTTING
6 ACTIONS AGENDA



WHAT WE ASKED

GOAL

Establish a set of enabling conditions that will facilitate steering digital
disruptors to shift rules, power structures, and mindsets that constrain
climate action by driving changes across economic, governance, and
cognitive systems.

What set of conditions are necessary to enable and steer the transformative
SRWHQWLDO RI GLJLWDO OHYHUV WRZDUGV

®  disrupting the rules, power structures, and mindsets constraining
transformative actions;

®  steering digital disruptors to drive transformations in economic,
governance, and cognitive systems; and

® scaling transformations to unleash climate-safe and equitable
outcomes?

WHAT WE FOUND

What near- and medium-term cross-cutting actions must be prioritized in order
to leverage the digital age to accelerate societal transformations towards a
climate-safe and equitable world?

&HUWDLQ DFWLRQV KDYH D KLJK SRWHQWLDO WR IRVWHU WKH HPHUJHQFH RI HQDEOLQJ FRQGLWLRQV IRU SRVLWLYF
through a series of consultations with experts from around the world. While this list is by no means comprehensive, it points to near- to medium-term actions

which, if realized, have the potential to catalyse the enabling conditions for broader systems change and build global momentum to leverage digital capabilities for

DGYDQFLQJ VXVWDLQDELOLW\ DQG HTXLW\ 3ULRULW\ DFWLRQV LQFOXGH WKH IROORZLQJ

Establish a social contract for the digital age.
Promote inclusion as a touchstone of the digital age.
Expand open access to high-public-value data.
Establish foundational standards for the digital sector.

Expand public-private partnerships to build our digital future.
Reduce environmental impacts of the digital age.

Foster cross-sectoral collaboration and innovation.

Invest in targeted communication, engagement, and education.



ACTIONS - ENABLING CONDITIONS

A critical next step will be identifying and supporting the emergence of enabling conditions that have the potential to strengthen and scale our collective ability to
leverage digital capabilities. This is important in order to minimize the risks associated with these capabilities and to build up public trust in new digital infrastructure
[36,170]. Understanding these enabling mechanisms is essential in catalysing and steering digital disruptions towards positive societal transformations and requires
thinking about the broader context in which transformative, systemic changes will occur. Actions emerged through a series of discussions and consultations with a
broad range of experts focused on what needs to be done to establish the necessary enabling conditions.

ESTABLISH A SOCIAL CONTRACT FOR THE DIGITAL AGE

Many of the societal changes unfolding as a result of the digital age

are threatening individual rights, social justice, and environmental

sustainability. However, the potential exists to steer these digital

WUDQVIRUPDWLRQV WR EHQH¢{ W VRFLHW\ DQG WKH SODQHW 7R VHL]H RQ WKLV
potential, we urgently need a social contract for the digital age that

recognizes individual rights, social justice, and protection of the Earth’s

life-support systems. The foundation of such a contract must include the

IROORZLQJ

° (QKDQFHG LQWHUQDWLRQDO FRRSHUDWLRQ WR VXSSRUW RQJRLQJ SURFHVVHV
WR GHYHORS D XQLYHUVDO GHFODUDWLRQ RI GLIJLWDO ULJKWYV DV DQ H[WHQVLRQ RI
WKH KXPDQ ULJKWYV ODLG RXW E\ WKH 8QLWHG 1DWLRQV

° ([SDPQGHG VRFLHWDO GLDORJXHV RQ SRVLWLYH DQG QHJDWLYH WUDGH RIIV
LQFOXGLQJ HQYLURQPHQWDO LPSDFWV RI GLJLWDO WUDQVIRUPDWLRQV DV OHYHUV
RI' VRFLHWDO WUDQVIRUPDWLRQV OHYHUDJLQJ PRGHOV VXFK DV FKDQJH
ODEV VRFLDO LQQRYDWLRQ ODEV OLYLQJ ODEV DQG WUDQVIRUPDWLRQ ODEV RU
7 ODEV

° (QKDQFHG WUDQVSDUHQF\ ZLWK UHJDUG WR WKH DOJRULWKPV XVHG DQG GDWD
SURYLGHG SXEOLFO\ WR KHOS RYHUFRPH ELDVHVY DQG EXLOG D IRXQGDWLRQ IRU
HTXLWDEOH V\VWHPV

° ,PSURYHG LQWHUQHW DFFHVV DURXQG WKH ZRUOG DV SDUW RI D WDUJHWHG
HIITRUW WR FORVH WKH GLJLWDO GLYLGH DQG LPSURYH HTXLW\




PROMOTE INCLUSION AS A TOUCHSTONE OF THE DIGITAL AGE EXPAND OPEN ACCESS TO HIGH-PUBLIC-VALUE DATA

Digitally enabled capabilities have enormous potential for increasing Vast quantities of data are being created every day. However, much of

equity and inclusion around the world, but so far this has not come the data needed to advance environmental and equity agendas are either

to pass [46,64]. Priority actions to promote inclusion will require the not being made publicly available or are not being collected at all [64].

IROORZLQJ The actions that must be taken to overcome these barriers include the
IROORZLQJ

° %XLOG FDSDFLW\ WR IRVWHU HTXLWDEOH SDUWLFLSDWLRQ LQ SXEOLF GHOLEHUDWLRQ
SODWIRUPV ¢( QDQFLDO PDUNHWYV DQG RWKHU RS2RUWNILEAOUBAK HDQPXOW G EW WNMHKROGHU SURFHVV IRU LGHQWLI\
GLJLWDO DJH IRU UHVHDUFK JRYHUQPHQWY DQG EXVLQHVV 7KHVH GDWI
SXEOLF HJ VKDULQJ SURWRFROV GDWD VWDQGDUGV ZLW
° :RUN WR EULGJH WKH GLJLWDO GLYLGH RSHQLQJ XS BRANDFEFWR WMV DQG HWKLFDO ERXQGDULHV
WUDQVIRUPDWLYH SRZHU RI WKH GLJLWDO DJH IRU DOO
° ([SORUH LQQRYDWLYH UHYHQXH PRGHOV WR LQFHQWLYL]H ¢
° &UHDWH LQFHQWLYHVY WR HTXDOL]H WKH TXDOLW\ DQGURVPIMLRWY\ RI GDWD
DYDLODEOH DURXQG WKH ZRUOG

* :RUN WRZDUGV D JOREDO FRPPLWPHQW WR HQVXUH WKDW LQQRYDWLRQV
FULWLFDO WR DGYDQFLQJ JOREDO VXVWDLQDELOLW\ DQG HTXLW\ DUH VKDUHG
RSHQO\

As wve wvork to implement decarbonization
strategies, we are proactively working with
partners to leverage the power of data and
artificial intelligence to be part of the broader
solution of building a climate-safe world.”

Dr. Ravi Jain
VP Search Science & Al,
$PD]RQ




ESTABLISH FOUNDATIONAL STANDARDS FOR THE DIGITAL SECTOR

Critical societal systems rely on the digital sector, yet few formal
standards exist to provide guidance on the handling of both personal data
and data generated by sensors, mechanical devices, images, and live
camera feeds [64,304]. Priority actions to establish standards include the
IROORZLQJ

e (VWDEOLVK YHUL¢; DEOH DQG HQIRUFHDEOH UXOHV UHJDUJLQJ FRQVHQW GDWD .
RZOQHUVKLS DJJUHJDWLRQ SURWHFWLRQ VWRUDJH DQG BLVSRVDAJVE are ata pivotal momentin

environmental history. Our choices
© DOIRULWKPY DOG VXSSRUW WKH GHYHORSPHQW RI PREKDJLVPY WROLG G aing decade on how
Q Q t6'débroyf disra

JRYHUQ WKHLU XVH tive technologies

present an unprecedented
* 'HYHORS K\EULG SXEOLF DQG SULYDWH JRYHUQDQFH PHFKDQLVPV gpportunity to protect our
UHJXODWH DQG OLFHQVH HTXLWDEOH RSHQ DFFHVV WR GOJWD DQG WR/itbHMe H £idat that we have
DYRLG ELDVHV LQ SXEOLF GDWD XVHG DV LQSXWV WR DOJRULWKPV __. .
failed to accomplish over the past

forty years. We need to bet big
on digital technologies precisely
because nothing else has the
potential to achieve the kind of
transformation our planet needs.
This will require public-private
collaborations to figure out how
to do this in a fair and equitable
way. As a foundation, there are
critical actions we need to set us
on the right path focused on data,
standards, and governance of the
digital sector.”

Dr. David Jensen
Head of Policy &
Innovation in the
Crisis Management,
81(3
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$V YDVW DPRXQWV RI GDWD DUH FUHDWHG DQG DV GDWD ARZV
increase and the cost of data storage continues to drop,
the international community has an enormous opportunity
to leverage big data analytics to address climate change
by generating new insights that could be used to transform
existing industries, create new ones, and more. New data
value chains — comprising thousands of participating
organizations that support data collection, data access
and storage mechanisms, and the production of insights
from data to address public good issues — can be created.
However, global standards are needed to make this goal a
reality.

Organizations of all sizes, whether public, private, or not-
IRU SUR¢{ W QHHG D IXOO VXLWH RI GDWD JRYHUQDQFH VWDQGDUGV WR
manage issues such as data ownership and use, security,

residency, privacy, and the protection of fundamental rights.
Additionally, interoperability standards are required for data International digital cooperation can help address pressing issues like climate change. Global
collection a,nd grading to take place and for data access standards are needed to create data value chains linking data collection and grading to data

. analytics and solutions through appropriate data access platforms. Graphic: CIGI
platforms to operate across sectors and regions [305]. v 9 approp P P

The challenge is that no international organization is ,Q RUGHU WR IRVWHU GLJLWDO FRRSHUDWLRQ WKURXJK VWDQGDUGV LW
currently mandated to coordinate the development,

maintenance, and use of technical standards covering z HVWDEOLVK D PHFKDQLVP WR FRRUGLQDWH WKH GHYHORSPHQW RI
data value chains and policy-oriented standards focusing VLPLODU LQ VFRSH WR ERGLHV VXFK DV WKH ,QWHUQHW (QJLQHHUL
on data governance. Standard-setting activities in this FRQWULEXWHG WR WKH GHYHORSPHQW RI WHFKQLFDO VWDQGDUGYV

¢ HOG DUH IUDJPHQWHG EHWZHHQ KXQGUHGV RRXRIIDWLIPW XKRRO ZKLFK ZHE DSSOLFDWLRQV RSHUDWH WRGD\
As no data standards registry is maintained, stakeholders

and experts alike are struggling to determine what data 7z H[SORUH KRZ VWDQGDUGY FDQ KHOS IRVWHU WKH FUHDWLRQ RI 3GD
standards have been published, who is working on new VXSSRUW WKH HPHUJHQFH RI LQWHUQDWLRQDO GDWD AHROODERUDW
documents, and whether there are gaps that need to be

addressed.AIthoughtherg|sgr0W|ngrecognltlonthata z HQKDQFH XQGHUVWDQGLQJ RQ KRZ LQWHUQDWLRQDO GPWD FROODE
new mechanism to coordinate the development of global VWUXFEWXUHG

data standards is needed, little progress has been made
in recent years towards the adoption of an international
convention on data governance. A new approach is
needed. Alternative pathways, such as the creation of a
“data free trade zone” to foster the creation of international
data collaboratives are being explored [305].




Dgiital technologies have led to exponential
ingreases in revenue for many private sector
actors, enabling new business models which
often depend on extracting value from public
and private data. This extraction is frequently
done without public consent and to the benefit
of the few. We need to focus on harnessing
the potential of digital sector for global

public benefit. This will require public-private
partnerships to both support the development
of public benefit data and services, and to
build the institutional and regulatory context
needed to steer the digital transformations
underway to both empower business and
support the wellbeing of people and the
planet.

Dr. Asuncién Lera St. Clair
Senior Principal Scientist, '19 */

Advisory Committee, ) XWX UH (DUW

EXPAND PUBLIC-PRIVATE PARTNERSHIPS TO BUILD OUR DIGITAL FUTURE

Engaging the private sector — in particular, major platforms — and
government and civil society actors will be critical to combine resources,
knowledge, and expertise to work towards a common goal. Priority
DFWLRQV LQFOXGH WKH IROORZLQJ

%XLOG SXEOLF+SULYDWH SDUWQHUVKLSY WKDW LQFOXGH P
LQ VXSSRUW RI VRFLHWDO JRDOV DQG GLJLWDO ULJKWYV LC
H[DPSOH WKH ULJKWV WR SULYDF\ DQG WR EH IRUJRWWHQ
WKDW DOJRULWKPV VWHHU EHKDYLRXU LQ D SRVLWLYH GLU
SHUSHWXDWLQJ SUH H[LVWLQJ ELDVHYV

'"HYHORS IXQGLQJ PHFKDQLVPV WR GHSOR\ SXUSRVH RULHQ'
UHVSRQVLEOH UHVHDUFK DQG LQQRYDWLRQ SURMHFWYV WR
DQG SULYDWH HIIRUWY DQG LQYHVWPHQWY WRZDUGV GLJLYV
VXVWDLQDELOLW\ DQG HTXLW\ GLYHUVLI\LQJ VRXUFHV RI I}
RXWFRPHY DORQJ WKH HOWLUH LQQRYDWLRQ VSHFWUXP

&R GHYHORS UHJXODWLRQV DQG JXLGHOLQHV IRU WKH HWK
VXVWDLQDEOH PDQDJHPHQW RI WKH SODWIRUP HFRQRP\

&UHDWH LQFHQWLYHYV IRU EXVLQHVVHYV DW GLIITHUHQW VFDC
GLJLWDO WRROV WR ZRUN WRZDUGYV LQFUHDVLQJO\ VXVWDL
EXVLQHVYVY PRGHOV

&RQWLQXH WR GHYHORS PHFKDQLVPV WR LQVWLWXWLRQDO
RZQHUVKLS PRGHOV LQFOXGLQJ IRU H[DPSOH GDWD WUXYV
IRFXVHG LQFXEDWRUV



FOSTER CROSS-SECTORAL COLLABORATION AND INNOVATION INVEST IN TARGETED COMMUNICATION, ENGAGEMENT, AND EDUCATION

Tackling the challenge of decarbonizing society by 2050 will require As the movement behind Sustainability in the Digital Age grows,

unprecedented collaboration and innovation involving the active communication, engagement, and education to enhance knowledge

participation of individuals and groups across scales and sectors. Doing transfer and knowledge co-production will become critical components of

so, however, presents its own set of challenges. We must work together scaling and maintaining momentum. Priority actions to realize this include

to overcome obstacles to cross-sectoral efforts by fostering stronger WKH IROORZLQJ

communication, building spaces for innovation, and creating opportunities

for different communities to come together. Priority actions for fostering M (QFRXUDJH EDVLF UHVHDUFK LQWR WKH LPSOLFDWLRQV RI \

FROODERUDWLRQ DQG LQQRYDWLRQ LQFOXGH WKH IROORZKXGLIJLWDO DJH RQ ZLWKLQ DQG EHWZHHQ FRXQWU\ HTX

H[DPSOH UHVHDUFK LQWR SDUWLFXODU GLJLWDO SKHQRPH
&UHDWH RSHQ DQG DFFHVVLEOH FROODERUDWLYH DUISQDW MXFK HDRRBIRPQ THQG EORFNFKDLQ
ODEV VRFLDO LQQRYDWLRQ ODEV OLYLQJ ODEV DQG 7 ODEV
e &UHDWH RSSRUWXQLWLHV IRU VWURQJHU LQWHUGLVFLSOLQ
%XLOG FDSDFLW\ DQG VNLOOV LQ DQ HTXLWDEOH P D QWK LE VYV RPRXE WHKH IRRUERP SXWHU VFLHQWLVWY GLJLWDO Wt
SULRULWL]LQJ DUHDV ODFNLQJ LQ HQJDJHPHQW DQG HRBXWRWLRQ VFLHQWLVWY WR HQKDQFH FURVV IHUWLOL]DW
LQQRYDWLRQ
3URPRWH LQQRYDWLRQ DQG H[SHULPHQWDWLRQ WKURXJK HQKDQFHG VXSSRUW
IRU FURVV VHFWRUDO DFWLYLWLHY * LQFOXGLQJ 2R U NP/K®RM\VW DQ LW WH\E LIYRIFP OWEDWLRQ DQG HQIJDJHPHQW FKDQC
SURMHFWYV + IRFXVHG RQ OHYHUDJLQJ WKH GLJLWDO BXHE OLF DEBUHQYWWWKRI WKH RSSRUWXQLWLHY DQG FKDOOHC
FOLPDWH FULVLV WKH GLJLWDO DJH WR GULYH VRFLHWDO WUDQVIRUPDWLRQ'
FOLPDWH VDIH DQG HTXLWDEOH ZRUOG
$GDSW WHVW DQG VFDOH FRQFUHWH PHWKRGV IRU HQKDQFLQJ
WUDQVGLVFLSOLQDU\ FROODERUDWLRQ DQG LQQRYDWLRQ 6FHQDULR FR
GHYHORSPHQW FDQ KHOS HQKDQFH FURVV VHFWRUDO FRPPXQLFDWLRQ DQG
LPSURYH XQGHUVWDQGLQJ Rl RQH DQRWKHUJV ZRUOGYLHZV DQG PLQGVHWYV
,QQRYDWLRQ VSULQWY DUH D SRZHUIXO ZD\ WR EULQJ WRJHWKHU D JURXS
DURXQG D FRPPRQ JRDO ZLWK D VROXWLRQ RU DFWLRQ RULHQWHG PLQGVHW
6FDOLQJ WKHVH HIIRUWV + IRU H[DPSOH WKURXJK WKH XVH RI EHVSRNH
YLUWXDO SODWIRUPV + KDV JUHDW SRWHQWLDO WR HQKDQFH FURVV VHFWRUDO
FROODERUDWLRQ DQG LQQRYDWLRQ DURXQG WKH ZRUOG




REDUCE ENVIRONMENTAL IMPACTS OF THE DIGITAL AGE

The carbon footprint of the digital sector has been estimated to account
for around 2% of global GHG emissions between 2010 and 2015 [306].
But the digital sector has many other types of environmental impact.
Mining, in particular for rare earth materials, and the growing problem of
e-waste are leading to environmental degradation around the world, with
many impacts accruing to lower-income communities and developing
QDWLRQV > @ B3ULRULW\ DFWLRQV LQFOXGH WKH IROORZLQJ

° 6FDOH XS FURVV VHFWRUDO FROODERUDWLRQW WR LQFUHDVH UHOLDQFH RQ
UHQHZDEOH HQHUJ\ VRXUFHV

° 6XSSRUW HIIRUWY WR IXUWKHU LQYHVWLIJDWHHQYLURQPHQWDO LPSDFWV RI
WKH GLJLWDO DJH LQFOXGLQJ LQGLUHFW LPSHDFWYV DQG LPSDFWV RQ HTXLW\
ZRUOGZLGH

* (QFRXUDJH ERWK SXEOLF DQG SULYDWH VHFWHU HQJDJHPHQW LQ LQQRYDWLYH
SDUWQHUVKLSY WR UHGXFH HQYLURQPHQWDO |LPSDFWV OLQNHG WR HQHUJ\
FRQVXPSWLRQ VXSSO\ FKDLQ VRXUFLQJ H ZDYWH DQG XVH RI UDUH HDUWK
PDWHULDOV

In order to realize the positive potential of the digital age, it is imperative that
the digital sector transitions to renewable energy sources.
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The combined carbon footprint of the digital industry — including
information and communications technology, entertainment and media,
and associated paper usage — amounted to approximately 2.6% of
total global GHG emissions, or 1,370 million tonnes of carbon dioxide
equivalent, in 2018 [54].

Digital industry emissions are declining. Many companies are imposing
their own internal carbon fee to fund decarbonization efforts. Current
estimates suggest we must further reduce annual emissions by 55%
by 2030 to stay on track to limit global warming to well under 2 degrees
Celsius [54]. Figure 7 shows how this is possible through reduced
emissions in different sectors. The most effective strategy will be the
digital industry transitioning to renewable energy [54].

Figure 8. A trajectory to halve digital industry emissions by 2030 [54].

The digital sector is already working to address this challenge. For
example, Microsoft has committed to going carbon negative by 2030
and to removing all their historical emissions from the atmosphere by
2050. A major mechanism to achieve these goals is through an internal

FDUERQ IHH WR PDNH DOO GLYLVLRQV RI WKH FRERE

reducing their own emissions. Microsoft will also increase transparency
along all supply chains to become accountable for all emissions, setting

DQ LPSRUWDQW SUHFHGHQW IRU FRPSDQLHV LQ W

SDQ\ ¢ QDQF]

KH GLJLWDO
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GLOSSARY

LIST OF TERMS

Algorithm: A process or set of instructions to be followed in calculations,
data processing, automated reasoning, or other problem-solving
operations performed by a computer.

Anticipatory governance: A form of data-driven decision-making
that employs predictive algorithms and other prediction and foresight
mechanisms to anticipate possible outcomes as a means of decreasing

Collective storytelling:  The social and cultural activities of sharing
stories and narratives scaled up to larger groups and situating their
components (including questions, problems, and overarching themes) in
relation to a broader context.

Crowdsourcing: The practice of obtaining input or funding for a question
or project by enlisting the services of a large number of people (either

ULVN LQ GHFLVLRQ PDNLQJ DQG JRYHUQLQJ PRUH HI(,rﬁ,@ﬂrQ"\(ﬁ;ﬁj) @[\m@ll@&/&myﬁ’ﬁb@eﬂ

events early or before they even occur.

$UWL¢ FLDO L QW siulatiohtdihérhain intelligence processes
by machines, especially computer systems. These processes include
learning (the acquisition of information and rules for using information),

Digitalization: The process of using digital technologies and digitized
data to change how a system functions.

Digitization: The process of converting from analogue to digital format.

UHDVRQLQJ XVLQJ UXOHV WR UHDFK DSSUR[LPDWH R DigltaHogeQ PWWMHRR QEWNKGLBRYEH I @Q®LQJ LQ WKH V. WKH GLJLWD

problem solving.

Augmented Engagement: The use of mixed reality tools to develop
an interactive experience that enables connection to otherwise remote
concepts or experiences.

Augmented reality: A technology that superimposes a computer-
generated image on a user’s view of the real world, thus providing a
composite view and an interactive experience of a real-world environment
enhanced by computer-generated perceptual information.

Blockchain: A digital ledger or database in which transactions are
recorded chronologically, creating a permanent record that is transparent
to anyone connected to the network.

Bot: Automated software applications that run repetitive programs

Business model: A plan or strategy for the way a company seeks to
create, capture, and share value.

Choice architecture: The design of different ways in which choices
can be presented to consumers and the impact that this presentation
ultimately has on consumer decision-making, derived from behavioural
science.

Circular economy: An economic system aimed at eliminating waste and

to a period during which the use of digital technology became prevalent
and common throughout the world. The digital age is characterized by
a rapid shift towards an economy based on information technology and
has also led to changes in social relationships, science, politics, and
many other facets of societies around the world. Also referred to as the
information age.

Digital disruptors:  Capabilities brought about by digital-age technologies
and innovations with the potential to drive systems change at a scale and
pace unprecedented in human history.

'LJLWDO 059 PHDVXUHPHQW UHSRUWds@)t DQG YHUL¢ FDWLRQ
generating data (such as energy attributes) that quantify, communicate,

and authenticate outcomes. Digital MRV can improve the speed and

DFFXUDF\ RI UHIJXODWRU\ UHSRUWLQJ ORZHU UHSRUWLQJ DQG
and increase the scalability and security of transactions.

Digital nudge: A set of carefully developed rules, hints, tips, and
suggestions that encourage people to change behaviour in small but
meaningful ways, where “nudges” are designed based on desired
outcomes in terms of behavioural change.

Governance of Flows: *RYHUQDQFH RI WKH HPEHGGHG ARZV RI JRRGV
services, capital, and information, including both material and virtual

WKH FRQWLQXDO XVH RI QHZ ¢ QLWH UHVRXUFHV E\ HR8BK¥\LQJ UHF\FOLQJ UHXVH

re-manufacturing, and refurbishment to create a closed-loop system.

Cognitive systems: Systems connected with the acquisition and
processing of information and knowledge, making decisions, and forming
judgements.

Collaborative governance: Also known as participatory governance.
The “processes and structures of public policy decision making and
management that engage people constructively across the boundaries of
public agencies, levels of government, and/or the public, private, and civic
VSKHUHV > @

Informational governance: A new form of governance in which
information is the crucial resource used to govern and which has been
characterized by transformative changes across governance institutions
GXH WR QHZ LQIRUPDWLRQ ARZV > @

Intelligent systems: Machines with embedded, internet-connected
computers with the capacity to gather and analyse data, perform complex
activities, perceive and respond to the world around them, learn from
experience and adapt, and communicate with other systems.




Internet of Things: A network of appliances, electronics, mobile devices,
and sensors that can communicate and exchange data without requiring
human intervention.

Machine learning: Sometimes referred to as a subset of Al, machine
learning is the study of algorithms and statistical models that computer

VI\VWHPV XVH WR SHUIRUP VSHFL¢ F WDVNV ZLWKRXW

relying on patterns and inference derived from “training data” instead.

Microtargeting: Transmitting a tailored message to a subgroup of

a broader population on the basis of unique information about the
subgroup. This technique is most commonly associated with election
campaigns and includes direct marketing, data mining, and predictive
market segmentation techniques.

Mixed reality: The merging of real and virtual worlds to produce new
environments and visualizations where physical and digital objects
coexist and interact in real time, enabling users to view and manipulate
these objects. Sometimes referred to as a combination of augmented and
virtual reality.

Neoliberalism: An economic paradigm often associated with “laissez-
faire” economic liberalism and free-market capitalism.

Platforms: Online frameworks for facilitating transactions, innovation,
and collaborations, which have enabled new strategies for how
businesses create, deliver, and capture value.

Precision services: Scalable customized knowledge-intensive services.

Prosumer: A customer that both produces and consumes a product or
service, such as electricity or energy storage.

Resilience: Most famously, resilience is “a measure of the persistence
of systems and of their ability to absorb change and disturbance and still
maintain the same relationships between populations or state variables”
[232]. Resilience has also been referred to as the ability of a system to
adapt to change, to recognize or anticipate risks and defend against
them before adverse consequences occur, or as a paradigm for safety
management [311].

Sharing economy: An economic model where peer-to-peer online
platforms enable community-based acquisition, sales, and/or sharing of
goods and services.

Societal systems: The many anthropogenic systems that together
compose and underpin global human society, including, notably, our
economic, governance, and cognitive systems.

Societal transformation:  Fundamental changes in structural, functional,
relational, and cognitive aspects of societal systems that lead to new
patterns of interactions and outcomes.

Surveillance capitalism: A term popularized by Shoshana Zuboff and

based on the premise that capitalism has become focused on collecting

DQG SURFHVVLQJ GDWD UHODWLQJ WR D VLJQL, FDQWO\ H[SDQ
society’s activities and people’s behaviour. Surveillance capitalism refers

WR WKH DFW RI DFFUXLQJ D SUR¢ W IURP IUHH GLJLWDO VHUYL

m i}P[_iﬂQ ‘pef_hév‘?ouﬁ WIW p{ﬁ,infﬁrae\gion (often without the
explicit consent’of users).

Systems approach: $ FKDQJH WKDW LQA XHQFHV WKH LQWHUDFWLRQV
interlinkages between different components of one or multiple systems.

Transparent Supply Chains:  Disclosure about social and environmental
conditions of the supply chain and open information about buyers’
purchasing practices allow traceability.

Unprecedented transparency: A phrase used to describe actions
and approaches that radically increase the openness of organizational
processes and data, making information publicly available and
accessible.

Virtual reality: A simulated experience that enables users to view and
PRYH DURXQG LQ DQ DUWL¢, FLDO ZRUOG WKRXJK WKLV FDQ PL
and interact with virtual features.



APPENDIX 1

FUTURES COLAB EXERCISE

To kick off the development of the D"2S Agenda, the team sought inputs from a broad diversity of experts on the systems keeping us on an unsustainable and

LQHTXLWDEOH GHYHORSPHQW SDWK DQG SRWHQWLDO OHYHUV WR GLVUXSW WKHVH V\VWHPV 7KLV ZDV GRQH WKUR?>
GLYHUVH LQWHUQDWLRQDO H[SHUWY D SODWIRUP IRU RQOLQH FROODERUDWLRQ DQG D SURFHVV IRU DVI\QFKURQRX
H[SHUWV IURP DURXQG WKH ZRUOG WR FROOHFWLYHO\ H{SORUH VROXWLRQV WR JOREDO V\VWHPLF FKDOOHQJHV )X
Center for Collective Intelligence.

The Disrupting Systems for Global Sustainability exercise

WRRN SODFH IURP ODUFK WR SDUWLFLSDQWYV
from 31 countries and a diversity of backgrounds were

involved (see Figure Al). The two primary goals of the

H[HUFLVH ZHUH WR FKDUDFWHUL]JH NH\ VAIVWHPV WKDW
are sustaining our unsustainability; and (2) to identify

disruptions to these systems and mechanisms through

which new technologies and associated practices of the

digital age could be leveraged to foster these disruptions.

,Q WKH ¢ UVW ZHHN SDUWLFLSDQWY ZHUH DVNHG WR EURDGO\
identify systems that are preventing society from shifting

to a more sustainable and equitable path. After these

VXEPLVVLRQV ZHUH UHFHLYHG WKH )XWXUHV &R/DE WHDP

used a natural language processing tool to suggest ways

RI' JURXSLQJ WKH LGHQWL¢ HG VA\VWHPYVY ,Q WKH VHFRQG ZHHN
participants shared ideas about potential disruptions that

could lead to the unraveling of today’s unsustainable

systems and enable the transformations necessary to

VWHHU WKH ZRUOG WRZDUG VXVWDLQDELOLW\ ,Q WKH WKLUG DQG ¢, QDO
week, participants voted on the disruptions they believed

FRXOG KDYH WKH PRVW VLJQL¢; FDQW LPSDFW RQ HQDEOLQJ
transformations towards sustainability. Throughout the

exercise, participants were encouraged to engage in

discussions by commenting on each others’ submissions.

This deliberative process helpeds both to clarify

and expan‘d‘upon m,d,IVIdual' pontrlbutlons while also Figure Al. Futures ColLab participants. Regional balance of participants in
contextualizing participants’ inputs. Futures CoLab: Disrupting systems for global sustainability.




OUTCOMES

0DQ\ RI WKH LVVXHV KLIJKOLJKWHG LQ WKH )XWXUHV &R/DE GLDORJXHV ZHUH

linked broadly to systems of production and consumption, including

emissions in urban and food systems, land use changes and trade,

as well as issues with consumer behaviour. These were relatively

XQVXUSULVLQJ DQG DOLJQ FORVHO\ ZLWK WKH ¢ QGLQJV RI WKH ,3&& + IRU H[DPSOH
with the categories used in the IPCC Working Group Il contribution to the

Fifth Assessment Report to explain dominant sources of emissions [312].

A main message of the online dialogues was that underlying these

systems of production and consumption, and maintaining unsustainable

behaviour, were key social systems which need to be disrupted. Three

systems emerged as responsible for reinforcing the rules, power

structures, and mindsets that are keeping society on a carbon-intensive,

ELRVSKHUH GHJUDGLQJ DQG YXOQHUDEOH SDWK HFRQRPLF JRYHUQDQFH
and cognitive systems. It became clear over the course of the exercise

WKDW ¢ QGLQJ OHYHUV WR GLVUXSW WKHVH WKUHH V\VWHPV + QRW WKRVH SK\VLFDOO\
contributing to GHG emissions but those underlying societal structures

that drive emissions and reinforce unsustainability — will be critical in

order to steer society onto a more equitable and sustainable path.

This message formed a starting point for the development of the D*2S

Agenda.

While the online dialogues did not delve into the technological aspects
deeply, there were still indications of different types of digitally enabled
capabilities with the potential to unleash transformative systems change.
These discussions led to the development of the four digital disruptors
LGHQWL¢ HG LQ WKH 'A 6 $JHQGD

More information can be found in the synthesis report Disrupting Systems
for Global Sustainability, available online at futureearth.org/initiatives/
other-initiatives/futures-colab/.




PARTIAL LIST OF FUTURES COLAB PARTICIPANTS
DISRUPTING SYSTEMS FOR GLOBAL SUSTAINABILITY EXERCISE

Dr. Noel M. Bakhtian, Center for Owen Gaffney, Potsdam Institute for 'U 6DVKD /XFFLRQL OLOD Elizabeth Renieris, Harvard University
Advanced Energy Studies Climate Impact Research ‘U &KULVWRSKHU /\RQ 8Q IPYH Chii RiedyRUniversity of
Brian Bauer, Algramo Dr. Ajay Gambhir, Imperial College /HHGV Technology Sydney
Dr. Valérie Bécaert, Element Al /RQGRQ /HVHGL 0DGL .QRZOHGJH 3HRXHV 5R\ 2SWHO *URXS
Petra Berg, University of Vaasa Prof. Bruce Goldstein, University of Eirini Malliaraki, The Alan Turing Aditi Sahay, European Climate
Colorado Boulder ; .
) . Institute Foundation
Pernilla Bergmark, Ericsson Dr. Dan Hammer, Earthrise Alliance
3URI $QLN %KDGXUL *UL'iD}’VA*éa%%'e-Xo\'ﬂvi%’zV%‘/&’bmversn Gavin McCormick, WattTime $OLFLD 6HLJHU 6WDQIRUG /DZ 6FKRRO
' ! ' Y Dr. Heather McShane, McGill 'U 9LNWRULD 6SDLVHU 8QLYHUVLW\ RI /HHC

Dr. Austin Brown, U. of California, Davis : - o
_ _ - /IDXUHQ +HUPDQXV $GDSW Sustainability Systems Initiative ‘U /IDXUHQW 6SUHXWHOV 1DWLRQDO
Prof. Michael Canva, Université de

Sherbrooke Prof. Cecilia Hidalgo, Universidad de Colin McQuistan, Practical Action Research Council Canada
Mark Capron. OceanForesters. Inc Buenos Aires Dr. Nezha Mejjad, Université Hassan Il Prof. Robin Teigland, Chalmers
pron. . Dr. Colin Hill, WeatherForce de Casablanca University of Technology
gy%e?se%u?it;' DYHODQG &HQWH Hrc}f%ttﬁgwwoﬂ%ﬂgry Bniversity of Douglas Miller, Energy Web Dr. Dave Thau, WWF
Dr. Ferdouz V. Cochran. University of Toronto Dr. Susanne Moser, Susanne Moser Guillaume Thfoin, Majid Al Futtaim
’ : ' Y Prof. Elisabeth Huber-Sannwald, Research & Consulting Holding

North Carolina at Chapel Hill Instituto Potosino de Investigacion

Dr. Roger Cremades, Hemholz-Zentrum &LHQWt: FD \ THEQROYJLF DKathryn Myronuk, Singularity University Brad Townsend, Center for Climate and

Energy Solutions

Geesthacht ) ) Dr. Kapil Narula, University of Geneva
Prof. Carol Hunsberger, University of 3URI $UDGKQD ( 7ULSDWL 8&/$
Casey Cronin, ClimateWorks Western Ontario Prof. Carlos Nobre, National Institute for
Foundation . . . Space Research; WRI Brazil Shafgat Ullah, Sourcevo Innovations
Jimmy Jia, The Jia Group
U $UWKXU /\RQ 'DKO ,QW BrL.JJ%rPl\YMpLes 69 IQTOSMART Tbk Dr. Deborah O’'Connell, CSIRO Natalia Vasquez, IDEO

Environment Forum Dr. Vincent Ogutu, Strathmore University ~ Anique Vered, anique vered consultation

James King, Oxford University and research practice

Prof. Maxime Darnon, Université de

Sherbrooke Ashish Kothari, Kalpavriksh Dr. Per Olsson, Stockholm Resilience

Centre Dr. Steve Waddell, SDG
Dr. Peter Denton, greenethics.ca Prof. Teresa Kramarz, University of Transformations Forum

Dr. Richard Pagett, FutureStates
‘U 3HWHU (OLDV 8QLYHUV[AR| /DIRV | Ambreen Waheed, Responsible
'DYLG /DP /HXSKDQD 8QLYﬁ Business Initiative
/*QHEXUJ 'U /DXUD 3HUHLUD &LW\ 8QLYHY

$P\ /DUNLQ 1DWXUH 0HDQVRREAR{HVV Town
‘U 0DWV /LQGHU o0/6+ &RQSeOWTI3N Fem

d ellert Paris, UNFCCC
Alisa Ferguson, Energy Consumer Yot WG

Market Alignment Project ¥i|érvwog\;el, University of Cape

Anna Ferretto, University of Aberdeen







8 ‘ REFERENCES



10.

11.

12.

14.

15.

16.

17.

18.

19.

IPCC, 2018. Global Warming of 1.5°C. An IPCC Special Report on the 20. Edelman. Edelman Trust Barometer 2020. 78 https://www.edelman.
impacts of global warming of 1.5°C above pre-industrial levels and FRP VLWHV J 4 OHV DDWXVV 4 OHV (GHOPDQ
related global greenhouse gas emission pathways, in the context of Trust%20Barometer%20Global%20Report.pdf (2020).

strengthening the global response to the threat of climate change,

VXVWDLQDEOH GHYHORSPHQW DQG He RUWV WR HUDGLFOWH s PPl ot @ ghoejipg the rapids: Navigating transitions to adaptive
Meteorological Organization, 2018) governance of $ocial-ecological systems. Ecology and Society 11, 18

(20086).

SRENVWU.P - HW DO $ URDGPDS IRU UDSLG GHFDUER%&.]DWL%%rie%,ﬁ%Elgogll—énvironmentalchangeII: From adaptation to

1269-1271 (2017). GHOLEHUDWH WUDQVIRUPDWLRQ 3URJUHVV LQ +XPDQ *HRJUDSK\
6PLO 9 (QHUJ\ 7UDQVLWLRQV +LVWRU\ 5HTXLUHPHQWYV 3URWRBREWYV SUDHJHU

2010). /IRRUEDFK ' 5RWPDQV - 7KH SUDFWLFH RI WUDQVLWLRQ PDQDJ
Friedlingstein, P. et al. Global Carbon Budget 2019. Earth System ([DPSOHV DQG OHVVRQV IURP IRXU GLVWLQFW FDVHV )XWXUHV
6FLHQFH 'DWD (2010).

Pacala, S. & Socolow, R. Stabilization Wedges: Solving the Climate 24. Vermeulen, S. J. et al. Addressing uncertainty in adaptation planning for

3UREOHP IRU WKH 1H[W <HDUV ZLWK &XUUHQW 7HFKQRORJLHDWJBEEMQMWKUH 31%$6
968-972 (2004).

25. Gliessman, S. A global vision for food system transformation.
Hawken, P., ed. Drawdown, The Book. (Penguin Books, 2017). $JURHFRORJ\ DQG 6XVWDLQDEOH )RRG 6\VWHPV
Deep Decarbonization Pathways Project. Pathways to Deep 26. McCormick, K. et al. Advancing sustainable urban transformation.
Decarbonization. http://deepdecarbonization.org/wp-content/ -RXUQDO RI &0OHDQHU 3URGXFWLRQ
XSORDGYV 33B B5(3257 SGl 27. Revi, A. et al. Towards transformative adaptation in cities: The IPCC's
Meadows, D. Leverage Points: Places to Intervene in a System. http:// Fifth Assessment. Environment and Urbanization 26, 11-28 (2014).
donellameadows.org/archives/leverage-points-places-to-intervene-in-a- 28. Olsson, P. et al. Sustainability transformations: A resilience perspective.

system/ (1999).
Rahwan, I. et al. Machine behaviour. Nature 568, 477 (2019). 29. Geels, F. W. & Schot, J. Typology of sociotechnical transition pathways.
The Global Commission on the Economy and Climate. The New Climate 5HVHDUFK 3ROLF\

Economy: Unlocking the inclusive growth story of the 21st century. o
https://www.youtube.com/watch?v=NsiCaoQe7LI&feature=youtu.be /HDF K 0 HwW D.O BHWZHHQ . VRFLDO D.Q G SODQHWDU\ ERXQGDULHY
pathways in the safe and just space for humanity. In World Social

Ecology and Society 19, 1 (2014).

(2018). 6FLHQFH 5HSRUW &KDQJLQJ *OREDO (QYLURQPHQWYV 2(&'
Wilson, C. et al. Marginalization of end-use technologies in energy 3XEOLVKLQJ DQG 81(6&2 3XEOLVKLQJ
;r;r(])i\gnonforchmateprotectlon.NatureChmateChangeZ,780—788 6WLUOLQJ $ (PDQFLSDWLQJ WUDQVIRUPDWLRQV )JURP FRQWUROC

transition’ to culturing plural radical progress. In The Politics of Green
International Telecommunication Union. ICT Facts and Figures Transformations (eds. Scoones, I. et al.) 54—68 (Routledge, 2015).

i]%l;u'\rﬂiﬁai;”i':glZ'S\LELD;V:AS&"SZEtif(;g‘l)g:)”"”'f°'e°"'°°m/'t”/ +RSZRRG % HW DO 6XVWDLQDEOH GHYHORSPHQW PDSSLQJ GL-F
9-aig p : DSSURDFKHV 6XVWDLQDEOH '"HYHORSPHQW

JHROD * 6RFLHWDO WUDQVIRUPDWLRQ LQ UHVSRQVH WR JOREDQO,HOYLURQP [¢]
FKDQJH $ UHYLHZ RI HPHUJLQJ FRQFHSWV S$PELR I% %U?Hb . E‘\Q\]\gB / BHVSRQGLQJ WR FOLPDWH FKDQJH 7KH WKI

spheres of transformation. Proceedings of the Conference

Westley, F. et al. Tipping toward sustainability: Emerging pathways of 7UDQVIRUPDWLRQ LQ D &KDQJLQJ &OLPDWH
transformation. Ambio 40, 762-780 (2011). 6KDUPD 0 3HUVRQDO WR SODQHWDU\ WUDQVIRUPDWLRQ .RVPRV
DeFries, R. S. et al. Planetary Opportunities: A Social Contract for Global 7._ 7KH :RUOG LQ 7KH 'LJLWDO 5HYROXWLRQ DQG 6XVWDL

Change Science to Contribute to a Sustainable Future. BioScience 62, Development: Opportunities and Challenges. http:/iwww.iiasa.ac.at/

web/home/research/twi/Report2019.html (2019).

"éaFCkLm:g'F"";I &Ssé'sﬁ'gG'FLkT'fgsi?rTg"éeEcgrgerzt?("gsgfjslfc'a' :%*8 *HUPDQ $GYLVRU\ &RXQFLO RQ *OREDO &KDQJH 7RZDUGV R
Common Digital Future. 486 https://www.wbgu.de/en/publications/
Shove, E. et al. The dynamics of social practice: Everyday life and how it publication/towards-our-common-digital-future (2019).

changes. (SAGE Publications, 2012). OHDGRZV ' + 7KLQNLQJ LQ 6\WWHPV $ 3ULPHU (DUWKVFDQ

O'Brien, K. L. Climate change and social transformations: is it time for a 20VVRQ 3 HW DO 7KH FRQFHSW RI WKH SQWKURSRFHQH DV D JDF

TXDQWXP OHDS" :-5(V &OLPDWH &KDQJH L - . R i
new context for social innovation and transformations to sustainability.

Sachs, J. D. et al. Six Transformations to achieve the Sustainable GRL KWWSV GRL RUJ (6

Development Goals. Nat Sustain 2, 805-814 (2019). 8QLWHG 1DWLRQV *HQHUDO $VVHPEO\ 7UDQVIRUPLQJ RXU ZRUOG
$JHQGD IRU 6XVWDLQDEOH '"HYHORSPHQW KWWSV 22Z XQ RUJ J

VHDUFK YLHZBGRF DVS"V\PERO $ 5(6 /IDQJ (




40.

41.

42.

44,

45.

46.

47.

48.

49.

52.

54.

56.

57.

58.

59.

60.

61.

Bai, X. et al. Plausible and desirable futures in the Anthropocene: A 62. Cobham, A. & Jansky, P. Global Distribution of Revenue Loss from Tax
QHZ UHVHDUFK DJHQGD 6FLHQFH'LUHFW *OREDO (QYLURQPHQWRAGKQ@PRHHIHKWWSY ZZZ ZLGHU XQX HGX VLWHV GHIDXOW 4 OHV Z

pdf (2017).

Abson, D. J. et al. Leverage points for sustainability transformation. (VFDMHGD + * =HUR (FRQRPLF 9DOXH +XPDQV" :DNH )RUHVW -RX!|
$PELR Law & Policy (2019).
Rauschnabel, P. A. et al. Antecedents to the adoption of augmented 64. Jensen, D. et al. Are these the 20 top priorities in 2020 for a digital
reality smart glasses: A closer look at privacy risks. Journal of Business HFRV\VWHP IRU (DUWK" KWWSV PHGLXP FRP #GDYLGHGMHQVHQB
5HVHDUFK GLJLWDO SODQHW SULRULWLHV EI GEF

%HQQHWW & 9RWHU 6XUYHLOODQFH OLFUR 7DUJHWLQJ DQG 'HRRBVDWVW®W 3ROIDML.F\&DSLWDOLVP 5HGH4 QLQJ WKH /RJLFV RI 6XU
Knowing How People Vote Before They Do. SSRN (2014). and Privacy. Business & Society 58, (2019).
Heemsbergen, L. From radical transparency to radical disclosure: =XERe 6 7KH $JH RI 6XUYHLOODQFH &DSLWDOLVP 7KH )LIJKW IRU

5BHFRQ4 JXULQJ LQ YROXQWDU\ WUDQVSDUHQF\ WKURXJK WKH PX@XIHPBYWWKMH 1HZ )URQWLHU RI 3RZHU 3XEOLF$+DLUV
YLVLELOLWLHV -QWHUQDWLRQDO MRXUQDO RI FRPPXQLB%.DWLR%MU,R.&Lawless,W.F.HumanFactorsinCybersecurityandtheRole

Herweijer, C. et al. How Al can enable a sustainable future. https:// for Al. In 2015 AAAI Spring Symposium Series (2015).
www.pwec.co.uk/services/sustainability-climate-change/insights/how-ai-

A } . N 68. Stevens, T. Global Cybersecurity: New Directions in Theory and
future-can-enable-sustainable-future.html (2019). Methods. Politics and Governance 6, 1-4 (2018).
JCg:ﬁJZeesulsleé (e;gl.s')l'he Global Digital Divide: Evidence and Drivers. 69. Datta, A. et al. Algorithmic Transparency via Quantitative Input

' ‘ -Q5 XHQFH 7KHRU\ DQG ([SHULPHQWV ZLWK /HDUQLQJ 6\VWHPV —C
Pick, J. B. & Sarkar, A. The global digital divide. In The Global Digital Symposium on Security and Privacy (SP) 598-617 (2016). doi:10.1109/
"LYLGHV ([SODLQLQJ &KDQJH 6SULQJHU SP.2016.42.
Future Earth. Our Future On Earth 2020. https://futureearth.org/ 'LIQXP 9 5HVSRQVLEOH $UWL4 FLDO —-QWHOOLJHQFH 'HVLJIQLQJ ¢
publications/our-future-on-earth/ (2020). Values. ITU Journal Special Issue No.1, (2017).
Rolnick, D. et al. Tackling climate change with machine learning. arXiv 71. Mountford, H. et al. Unlocking the inclusive growth story of the
3UHSULQW GRL DU;LY >FV &<@ 21st century: Accelerating climate action in urgent times. https://
)DQJ ) HW DO HGV $UWL4FLDO —QWHOOLJHQFH DQG &RQVHUMSIMUREE oMy S {(7P8/(gP18).

University Press, 2019). 2(&" —-QHTXDOLW\ KXUWV HFRQRPLF JURZWK 4QGV 2(&" UHVHDUFK

/ILQ < 3 HW DO %ORFNFKDLQ ZLWK $UWL4FLDO —QWHOOLJHQégli\/%H(F]q:IFI-PQ]V\%\ZVURRP LQHTXDOLWN KXUWV HFRQRPLF JURZWK K

ODQDJH :DWHU 8VH XQGHU &OLPDWH &KDQJH (QYLURQPHQWYV
. ’ ) R BULFH & & K\ LQHTXDOLW\ KDUPV HFRQRPLF JURZWK :RUOG (FR
Strubell, E. ej‘tal. Energy and Policy Considerations for Deep Learning in JRUXP KWWSV 72727 ZHIRUXP RUJ DIJHQGD ZK\ LOHTXDOLW\
1/3 DU;LY >FV@ B

harms-economic-growth/ (2014).

/IDFRVWH $ HW DO 4XDQWLI\LQJ WKH &DUERQ (PLVVLROV RI ODEKL .
Learning. arXiv:1910.09700 [cs] (2019). 7% Qusmess%undtable. Statement on the Purpose of a Corporation.

https://opportunity.businessroundtable.org/ourcommitment/ (2019).
Falk, J. et al. Exponential climate action roadmap. (2018).

75. Cortada, J. The Digital Hand: How Computers Changed the Work of
6WROO & HW DO 7KH &DUERQ )RRWSULQW RI %LWFRLQ -R X O American Manufacturing, Transportation, and Retail Industries. (Oxford
(2019). 8QLYHUVLW\ 3UHVV
Chapron, G. The environment needs cryptogovernance. Nature 545, 76. Van Dijck, J. et al. The Platform Society: Public Values in a Connective
World. (Oxford University Press, 2018).
Howson, P. Tackling climate change with blockchain. Nat. Clim. Chang. 9DQ 'LMFN - 'DWD4FDWLRQ GDWDLVP DQG GDWDYHLOODQFH %L.
9, 644-645 (2019). VFLHQWL4 F SDUDGLJP DQG LGHRORJ\ 6XUYHLOODQFH 6RFLHW\
(2014).

UN Science Policy Business Forum Working Group on Big Data,
$QDO\WLFV DQG $UWL4 FLDO - QWHOOLJHQFH 7KH &DVH AR U D 'Bhlcgk INOPlaFdrnv Cepitatism. (Polity, 2016).
for the Environment: Bringing Together Data, Algorithms and Insights
for Sustainable Development. https://un-spbf.org/wp-content/ _
XSORDGYV 'LJLWDO (FRV\WVWHP 4QDO SGI QIRUPDWLRQ 7HFKQRORJ\

0, 0,
MacKinnon, R. Liberation technology: China’s ‘Networked SDVTXDOH ) 7KH %ODFN %R[ 6RFLHWI *DUYDUG 8QLYHUVLWA 3UI

$XWKRULWDULDQLVP -RXUQDO RI '"HPRFUDF\ )D\ 5 'LJLWDO 30DWIRUPV 5HTXLUH D *OREDO *RYHUQDQFH )UDP!
KWWSV ZZZ FLIJLRQOLQH RUJ DUWLFOHV GLJLWDO SODWIRUPV UH
governance-framework (2019).

79. De Reuver, M. et al. The Digital Platform: A Research Agenda. Journal of

Glasius, M. & Michaelsen, M. Authoritarian Practices in the Digital Age
| Illiberal and Authoritarian Practices in the Digital Sphere — Prologue.
International Journal of Communication 12, 19 (2018). 2(&" &RXQFLO RQ $- 5HFRPPHQGDWLRQ RI WKH &RXQFLO RQ $UWL

Kenney, M. & Zysman, J. The Rise of the Platform Economy. Issues in Intelligence. https://legalinstruments.oecd.org/en/instruments/OECD-

Science and Technology (2016).




85.

86.

87.

89.

90.

91.

92.

95.

96.

97.

98.

99.

100.

LEGAL-0449 (2019).

*DOORZD\ 6 7KH )RXU 7KH +LGGHQ '1$ Rl $PDJRQ $SSOH

and Google. (Random House Large Print, 2017).

=XERe 6 %LJ 2WKHU 6XUYHLOODQFH &DSLWDOLVP DQG WKH 3U'_||?

Information Civilization. https://papers.ssrn.com/abstract=2594754
(2015).

DePillis, L. At the Uber for home cleaning, workers pay a price for
convenience. Washington Post (2014).

Apesteguia, A. et al. Collaboration or Business? Collaborative
consumption: From value for users to a society with values. https://

Z22Z RQHSODQHWQHWZRUN RUJ VLWHYV GHIDXOW 4 0OHV FROODER

EXVLQHVVBFFBS SB SGI

Smith, A. Shared, Collaborative and On Demand: The New Digital
Economy. https://www.pewinternet.org/2016/05/19/the-new-digital-
economy/ (2016).

104.

*RUHQ5R 1 +RZ 30DWIRUP &RRSV &DQ %HDW 'HDWK GM}BSUV /L&

Create a Real Sharing Economy. Shareable https://www.shareable.net/
how-platform-coops-can-beat-death-stars-like-uber-to-create-a-real-

sharing-economy/ (2015). 106.

Yaraghi, N. & Ravi, S. The Current and Future State of the Sharing

Economy. https://www.brookings.edu/wp-content/uploads/2016/12/ 107.

VKDULQJHFRQRP\B 4QDO SGI

Koetsier, J. The sharing economy has created 17 billion-dollar

companies (and 10 unicorns). VentureBeat https://venturebeat. 108.

com/2015/06/04/the-sharing-economy-has-created-17-billion-dollar-
companies-and-10-unicorns/ (2015).

102.

in the Fourth Industrial Revolution. World Economic Forum https://
vwve__zvdvsfwum.org/agenda/2019/12/davos—manifesto-zozo-the-
universal-purpose-of-a-company-in-the-fourth-industrial-revolution
(2019).

JSLEY Ve RIVKR S D[LPLILQI VKDUHKROGHU YDOXH LV 4 QDOO\ G\LQ.
Forbes Leadership Strategy https://www.forbes.com/sites/

VWHYHGHQQLQJ ZK\ PD[LPL]LQJ VKDUHKROGHU YDOXH LV 4
dying/#528d69be6746 (2019).

Raworth, K. Doughnut Economics: Seven Ways to Think Like a 21st
Century Economist. (Chelsea Green Publishing, 2017).

LEBRIHR Oéjd:&gWKXU JRXQGDWLRQ $UWL4FLDO LQWHOOLJHQFH DQG
L .
economy - At as a tool to accelerate the transition. (2019).

Rueda, X. et al. Corporate investments in supply chain sustainability:
Selecting instruments in the agri-food industry. Journal of Cleaner
Production 142, 2480-2492 (2017).

rﬁckg%r, . ewlRMeasuring telecouplings in the global land system:
review and comparative evaluation of land footprint accounting
methods. Ecological Economics 114, 11-21 (2015).

Gardner, T. A. et al. Transparency and sustainability in global
FRPPRGLW\ VXSSO\ FKDLQV :RUOG 'HYHORSPHQW

Bartels, W. et al. Carrots & Sticks: Global Trends in Sustainability
Reporting Regulation and Policy. https://assets.kpmg/content/dam/
kpmg/pdf/2016/05/carrots-and-sticks-may-2016.pdf (2016).

Why Transparency Matters. Fashion Revolution https://www.
fashionrevolution.org/about/transparency!/.

109. Arnone, N. WattTime chosen as Google Al Impact Grantee. WattTime
Martin, C. J. et al. Commercial orientation in grassroots social News https://www.watttime.org/news/watttime-chosen-as-google-ai-
innovation: Insights from the sharing economy. Ecological Economics impact-grantee/ (2019).
118, 240-251 (2015). 110. Dreze, J. & Stern, N. Policy reform, shadow prices, and market prices.
Wosskow, D. Unlocking the sharing economy: An independent review. Journal of Public Economics 42, 1-45 (1990).
http://collaborativeeconomy.com/wp/wp-content/uploads/2015/04/ 11 Newton, P. et al. Enhancing the sustainability of commodity
Wosskow-D.2014.Unlocking-the-UK-Sharing-Economy.pdf (2014). ’ LT . .

supply chains in tropical forest and agricultural landscapes. Global
oL = &R+ PDQ ' 7KH VKDULQJ HFRQRP\ SURPRWHYV VXVWDLQFREYHURQPHQWDO &KDQJH

VRELHWLHV 1DW &RPPXQ 112. Grimard, A. et al. Supply chain transparency network: State of play. 115

$FTXLHU $ HW DO B3URPLVHV DQG SDUDGR[HV Rl WKH VKDULQBEWWBYRPAZZQ@HVHDUFKIJDWH QHW SXEOLFDWLRQ

organizing framework. Technological Forecasting and Social Change
125, 1-10 (2017).

Richardson, L. Performing the sharing economy. Geoforum 67, 121-129
(2015).

Schor, J. B. et al. Paradoxes of openness and distinction in the sharing
economy. Poetics 54, 66—81 (2016).

Murillo, D. et al. When the sharing economy becomes neoliberalism on
steroids: Unravelling the controversies. Technological Forecasting and
Social Change 125, 66-76 (2017).

Martin, C. J. The sharing economy: A pathway to sustainability or a
nightmarish form of neoliberal capitalism? Ecological Economics 121,
149-159 (2016).

Ellen MacArthur Foundation. Circular Economy - Ellen MacArthur
Foundation. Ellen MacArthur Foundation - Circular Economy https://
www.ellenmacarthurfoundation.org/ (2017).

Schwab, K. Davos Manifesto 2020: The universal purpose of a company

114.

115.

116.

117.

118.

B6XSSO\BF
WUDQVSDUHQF\BQHWZRUNBG6WDWHBRIBSOD\

/HQ]JHQ 0 HW DO -QWHUQDWLRQDO WUDGH GULYHV ELRGLYHUVLYV
developing nations. Nature 486, 109-112 (2012).

Ferguson, A. et al. The Role of Digitalization in Driving Demand for
Industrial Decarbonization. (2020).

The Precision Medicine Initiative. The White House - President Barack
Obama https://obamawhitehouse.archives.gov/precision-medicine
(2015).

Goldstein, A. et al. The private sector’s climate change risk and
adaptation blind spots. Nature Climate Change 9, 18-25 (2019).

Schulten, A. et al. Getting Physical: Scenario Analysis for Assessing
Climate-Related Risks. 20 https://www.blackrock.com/ca/institutional/
en/literature/whitepaper/bii-physical-climate-risks-april-2019.pdf
(2019).

Ford, J. D. et al. Opinion: Big data has big potential for applications to
FOLPDWH FKDQJH DGDSWDWLRQ 31%$6



120.

121.

122.

127.

128.

129.

Eriksen, S. H. & O’Brien, K. Vulnerability, poverty and the need for 140.
VXVWDLQDEOH DGDSWDWLRQ PHDVXUHYVY &OLPDWH 3ROLF\

Pelling, M. Adaptation to Climate Change: From Resilience to
7TUDQVIRUPDWLRQ B5RXWOHGJH

Eriksen, S. H. et al. Reframing adaptation: The political nature of
FOLPDWH FKDQJH DGDSWDWLRQ
(2015).

Brown, K. Resilience, Development and Global Change. (Routledge,
GRL

GRL 141.

Ostrom, E. A Polycentric Approach for Coping with Climate Change. 56
KWW S GRFXPHQWY ZRUOGEDQN RUJ FXUDWHG HQ SG
WPS5095.pdf (2009).

Olson, M. The Logic of Collective Action: Public Goods and the Theory of
Groups. (Harvard University Press, 1971).

*OREDO (QYLURQPHQWI®D & K DNMpdridon, T. H. et al. The black box of power in polycentric

HQYLURQPHQWDO JRYHUQDQFH
(2019).

9DVFRQFHORV 9 9

*OREDO (QYLURQPHQWDO &KDQJH

HW DO $ ERWWRP XS LQVWLWXWLRQDO DSSUR

.OHLQ 1 7KLV &KDQJHV (YHU\WKLQJ &DSLWDOLVP 9V 7KH &OEBB\%I%UD&LPYR%JRYHUQDQFH RI'ULVNV FRPPRQV 1DWXUH &OLPDWH .

and Schuster, 2015).

Stirling, A. Transforming power: Social science and the politics of 144.

HQHUJ\ FKRLFHV (QHUJ\ 5HVHDUFK 6RFLDO 6FLHQFH

Schaefer, L. & Waters, E. Climate Risk Insurance for the Poor and 145.
9XOQHUDEOH +RZ WR (*HFWLYHO\ —-PSOHPHQW WKH 3UR 3RRU
-QVXUHVLOLHQFH KWW S FROOHFWLRQV XQX HGX HVHUY 8
&5-BIRUBWKHB3RRUBDQGB9XOQHUDEOHBPHWD SGI

GIZ. InFocus: Innovation & Technology - Ghana. (2019). 146.
Meier, P. Digital Humanitarians: How Big Data is Changing the Face of 147
Humanitarian Response. (Routledge, 2015). :

148.

Patterson, J. et al. Exploring the governance and politics of
transformations towards sustainability. Environmental Innovation and
Societal Transitions 24, 1-16 (2017).

Hajer, M. et al. Beyond cockpit-ism: Four insights to enhance the
transformative potential of the Sustainable Development Goals.
Sustainability 7, 1651-1660 (2015).

%LHUPDQQ ) (DUWK 6\WWHP *RYHUQDQFH
Anthropocene. (MIT Press, 2014).

6FRRQHV -
S5HYLHZ RI (QYLURQPHQW DQG 5HVRXUFHYV

*DOD] 9 HW DO )LQDQFH DQG WKH (DUWK V\VWHP

151.

Carattini, S. et al. Cooperation in the Climate Commons. Review of
(QYLURQPHQWDO (FRQRPLFV DQG 3ROLF\

Ostrom, E. Toward a behavioral theory linking trust, reciprocity, and

reﬂull_.a%(v\. Trust & Reciprocity: Interdisciplinary Lessons from

% erimen lFees rch (eds. Ostrom, E. & Walker, J.) 19-79 (Russell Sage
XQGDWLRQ

Ostrom, E. Governing the commons: The evolution of institutions for
collective action. (Cambridge University Press, 1990).

GOVLAB. GOVLAB. GOBLAB https://www.thegovlab.org/ (2020).
MacArthur Foundation. MacArthur Foundation Research Network on
Opening Governance. Opening Governance http://opening-governance.
org/ (2020).
5DLQLH / 3HUULQ $ .H\ 4QGLQJV DERXW $PHULFDQV GHFOLQLC
in government and each other. https://www.pewresearch.org/fact-

WDQN NH\ 4 QGLQJV DERXW DPHULFDQV GHFOLQLQJ WUXVW
government-and-each-other/ (2019).

"RUOG SROLWLFV LQ‘dAHﬁE'_bO &KDOOHQJHV )RXQGDWLRQ *OREDO FKDOOHQJHV UHTXLUH

cooperation. Global Challenges Foundation https://globalchallenges.

7KH SROLWLFV RI VXVWDLQDELOLW\ DQG GHYHORG®®KQ@0). $QQXDO

CIGI. About CIGI. Centre for International Governance Innovation

([ S O R UL QUttpat MamwigiQriNng .org/about (2020).

EHWZHHQ 4 QDQFLDO DFWRUV DQG QRQ OLQHDU FKDQUIHM)LQ WKH. EOLPRWH VIV

*OREDO (QYLURQPHQWDO &KDQJH

JRONH & HW DO 7UDQVQDWLRQDO FRUSRUDWLRQV DQG WKH
ELRVSKHUH VWHZDUGVKLS 1DW (FRO (YRO

.HRKDQH 5 2 9LFWRU ' *
policy. Nature Climate Change 6, 570-575 (2016).

ovemance.WbHouFt’ the Project. Earth System Governance
Project https://www.earthsystemgovernance.org/about-the-project/
RED)OOHQJIH RI

.DKOHU 0 HW DO -QQRYDWLRQV LQ *OREDO *RYHUQDQFH 3HDFH

&RRSHUDWLRQ DQG GLVFRUG L QHuoa Rights, M@inet Bwvétnance and Cybersecurity, and Climate

Change. https://www.cfr.org/report/innovations-global-governance

.HQQHO & ) HW DO ODNLQJ FOLPDWH VFLHQFH PRUH UHOHYSZCS)W)' 6FLHQFH

421-422 (2016). 154.

%LHUPDQQ ) HW DO 7KH IUDJPHQWDWLRQ RI JOREDO JRYHUQSHE

architectures: A framework for analysis. Global Environmental Politics 155.
9, 14-40 (2009).

Decide Madrid. Apoya las mejores ideas ciudadanas para Madrid.
Nladrid https://decide.madrid.es/ (2020).

Kickbusch, I. & Gleicher, D. Governance for Health in the 21st Century.
KWW S Z2ZZ HXUR ZKR LQW BBGDWD DVVHWYV SGIB4 OH

2VWURP ( 3ROVFHQWULF VIVWHPV IRU FRSLQJ ZLWK FRO O HFwWIPHWEGRYEE"S fiHealth-Web.pdf (2012).

global environmental change. Global Environmental Change 20, 156.
550-557 (2010).
+DUGLQ * 7KH WUDJHG\ RI WKH FRPPRQV 6FLHQFH

(1968). 157

&ROH " + 2VWURP ( HGV 3URSHUW\ LQ /DQG DQG 2WKHU
(Lincoln Institute of Land Policy, 2012).
158.

Choi, J. et al. Web-based infectious disease surveillance systems and
public health perspectives: A systematic review. BMC Public Health 16,

Global Outbreak Alert and Response Network (GOARN). International

+ERP%(3{JE§HJXODWLRQV KWWSV ZZZ ZKR LQW LKU DERXW —-+5B*0O
> NBE$OHUWBDQGB5HVSRQVHBIHWZRUNBUHVSRQG SGI

Mackenzie, J. S. et al. The global outbreak alert and response network.
*OREDO 3XEOLF +HDOWK




159.

160.

161.

162.

164.

165.

166.

167.

168.

169.

170.

172.

174.

175.

177.

Slaughter, R. A. Beyond the global emergency: Integral futures and the
VHDUFK IRU FODULW\ :RUOG )XWXUHV 5HYLHZ

Esty, D. C. Environmental protection in the information age. N.Y.U. L.
Rev. 79, 115-211 (2004).

Fung, A. et al. Full Disclosure: The Perils and Promise of Transparency.
(Cambridge University Press, 2007).

Mol, A. P. J. Environmental governance in the information age: The
emergence of informational governance. Environ Plann C Gov Policy
24, 497-514 (2006).

ORO $ 3 - (QYLURQPHQWDO 5HIRUP LQ WKH -

Contours of Informational Governance. (Cambridge University Press,
2008).

Potters, J. I. et al., eds. Organising Sustainability in the Digital Age.
(Wageningen University, 2016).

Gupta, A. & van Asselt, H. Transparency in multilateral climate
politics: Furthering (or distracting from) accountability? Regulation &
*RYHUQDQFH

Northon, K. NASA Announces First Geostationary Vegetation, Carbon
Mission. NASA http://www.nasa.gov/press-release/nasa-announces-

4UVW JHRVWDWLRQDU\ YHJHWDWLRQ DWPRVSKHULF FDUERQ PLWWIL\RWLQ - )

Fuessler, J. et al. Navigating Blockchain and Climate Action: An
2YHUYLHZ KWWSV
FOLBUHSRUW MDQXDU\ SGI

Aganaba-Jeanty, T. Satellites, Remote Sensing and Big Data Legal
Implications for Measuring Emissions. (Centre for International
Governance Innovation (CIGI), 2017).

Braden, S. Blockchain Potentials and Limitations for Selected Climate
3ROLF\ —QVWUXPHQWYV KWWSV

Floridi, L. & Taddeo, M. What is data ethics? Philosophical Transactions
of the Royal Society A: Mathematical, Physical and Engineering Sciences

(JHOV =DQG«Q 1 HW DO
case of Nudie Jeans Co. Journal of Cleaner Production 107, 95-104
(2015).

Mol, A. P. J. Transparency and value chain sustainability. Journal of
Cleaner Production 107, 154-161 (2015).

*XSWD $ ODVRQ O
politics. In Advances in international environmental politics (eds.
%HWVLOO 0 O HW DO

Gupta, A. Is climate change the most important challenge of our time?
No: Because we cannot address climate change without addressing

LQHTXDOLW\
12-19 (Routledge, 2020).

Gupta, A. et al. Transparency in global sustainability governance: To

ZZZ ELYLFD RUJ 40H YLHZ LG LPSOLFDWLRQV 7UHQGV LQ (FRORJ\

3DOJUDYH ODFPLOODQ

%LUQEDXP (
The Hill (2020).

*RRJOH &(2 $UWL4 FLDO LQWHOOLJHQFH QHHGV WR

179. Zhao, X. et al. Physical and virtual water transfers for regional water
VWUHVYV DOOHYLDWLRQ LQ &KLQD 3URF 1DWO $FDG 6FL 86$%
(2015).
JUDQNHO - $ (QYLURQPHQWDO (*HFWV RI —QWHUQDWLRQDO 7UDZC

KDUYDUG HGX XUQ +8/ —QVW5HSRYV

181. Adger, W. N. et al. Nested and teleconnected vulnerabilities to
environmental change. Frontiers in Ecology and the Environment 7,

QIRUPDWLRQ $J+—?0_}§ZI-(12009)'

182. Kissinger, M. et al. Interregional sustainability: governance and policy in
an ecologically interdependent world. Environmental Science & Policy
14, 965-976 (2011).

<RXQJ 2 5 HW DO 7KH JOREDOL]JDWLRQ RI VRFLR HFRORJLFDO V'
DJHQGD IRU VFLHQWL4 F UHVHDUFK *OREDO (QYLURQPHQWDO &KD

(DNLQ + & HW DO 6LJQL4FDQFH RI WHOHFRXSOLQJ IRU H[SORUD
use change. In Rethinking Global Land Use in an Urban Era (eds. Seto,
K. C. & Reenberg, A.) vol. 14 141-161 (MIT Press, 2014).

HW DO 7KH JOREDO WUHH UHVWRUDWLRQ SRWHQWL
76-79 (2019).

ZZZ JROGVWDQGDUG RUJ VLWHV GHIL18XOW &wWptd\J. & B FOlmate@CWavge, Forests and REDD: Lessons for

- QVWLWXWLRQDO "HVLJQ S5RXWOHGJH GRL

187. Hein, J. et al. Deforestation and the Paris climate agreement: An
assessment of REDD+ in the national climate action plans. Forest Policy
and Economics 90, 7-11 (2018).

188. Ghazoul, J. et al. REDD: a reckoning of environment and development
(YROXWLRQ

6LNRU 7 HW DO *OREDO ODQG JRYHUQDQFH IURP WHUULWRU\ W
2SLQLRQ LQ (QYLURQPHQWDO 6XVWDLQDELOLW\

190. Bailis, R. & Baka, J. E. Constructing sustainable biofuels: Governance of

7UDGH R*V LQ VXSSO\ FKDLQ WUDQ YV 8®&dmdrQikg\biofuelltconomy. Annals of the Association of American

*HRJUDSKHUV

$X0OG * *XOEUDQGVHQ / + 7UDQVSDUHQF\ LQ 1RQVWDWH &HUW
&RQVHTXHQFHV IRU $FFRXQWDELOLW\ DQG /HILWLPDF\ *OREDO (Q
Politics 10, 97-119 (2010).

7UDQVSDUHQF\ DQG LOQWHUQDWLRL@D O H MEfrbidR, @ Peia@ WO S transitions, trade, and the global

displacement of land use. PNAS 107, 20917-20922 (2010).

%DNHU / 21 HPERGLHG HPLVVLRQV DQG LQHTXDOLW\
FRQVXPSWLRQ (QHUJ\ 5HVHDUFK 6RFLDO 6FLHQFH

5HWKLQNLQ

—Q &ROWHPSRUDU\ &0LPDWH &KDQJH 'HED;WAHV Hé.lcotggQ @E{retbJ.Anintegrationofnetimportedemissionsinto
c

imaté change tafgets. Environmental Science & Policy 52, 150-157
(2015).

ZKDW He« HEW" -RXUQDO RI (QYLURQPHQWDO 3ROLWLFV D'S% 3oo§§j§g}t§g%wl%a%"d’ﬁ\'? ironmental Movement: On the Path

.HQGDOO 7D\ORU $ HW DO

Smith, B. Facial recognition technology: The need for public regulation
DQG FRUSRUDWH UHVSRQVLELOLW\
%ORJ KWWSV
recognition-technology-the-need-for-public-regulation-and-corporate-
responsibility/ (2018).

7KH GLJLWDO GLFWDWRUV

patory Governance? In Transnational Actors in Global
) R U H L X3pvérmandeUPatterns, Explanations and Implications (eds.
-,QVVRQ & 7DOOEHUJ - 3DOJUDYH ODFPLOODQ 8.

OLFURVRIW RQ WKH —VVXHVGRé'] FLDO OLFURVRF\N
EORJV PLFURVRIW FRP RQ WKH LVVXHV 196.

|BIrkbe€kOC. D. WTO reform: A forward-looking agenda on

environmental sustainability. In WTO Reform: Reshaping Global Trade

Governance for 21st Century Challenges (eds. Soobramanien, T. et al.)
&RPPRQZHDOWK 6HFUHWDULDW



199.

200.

201.

202.

204.

205.

206.

207.

208.

209.

211.

212.

214.

215.

ORO $ 3 - 2RVWHUYHHU 3 &HUWL4FDWLRQ RI ODUNHN®& 0D WHrtbw/tVJ.RIGupta, A. Anticipating climate futures in a 1.5 degree C
&HUWL4 FDWHYV 7UDFLQJ 6XVWDLQDELOLW\ LQ *OREDO $JUR )RR @ra@ Dhe Xk b&tieRmh fQresight and governance. Current Opinion in

Sustainability 7, 12258-12278 (2015). (QYLURQPHQWDO 6XVWDLQDELOLW\
Emerson, K. et al. An Integrative Framework for Collaborative 217. Gambhir, A. et al. Using futures analysis to develop resilient climate
Governance. J Public Adm Res Theory 22, 1-29 (2012). change mitigation strategies. 20 https://www.climateworks.org/
ZS FRQWHQW XSORDGV *UDQWKDP %ULH4 QJ 3DSHU )XW XU

Ansell, C. & Gash, A. Collaborative Platforms as a Governance Strategy.
- 3XEOLF $GP 5HV 7KHRU\

Kabisch, N. et al. Nature-based solutions to climate change mitigation
and adaptation in urban areas: perspectives on indicators, knowledge

Analysis-for-Climate-Mitigation.pdf (2019).

218. Edenhofer, O. & Kowarsch, M. Cartography of pathways: A new
model for environmental policy assessments. Environmental Science
& Policy 51, 56-64 (2015).

JDSV EDUULHUV DQG RSSRUWXQLWLHV IRU DFWLRQ ( 6 DUW

Fischer, F. Climate Crisis and the Democratic Prospect: Participatory 219. Slavin, K. How algorithms shape our world. (2011).

Governance in Sustainable Communities. (Oxford University Press, 220. Crichton, D. Algocracy. TechCrunch http://social.techcrunch.

2017). FRP DOJRFUDF\

Seele, P. Envisioning the digital sustainability panopticon: a thought 221. D’Onfro, J. Google Sibling Sidewalk Labs Unveils ‘Smart City’ Plans For
experiment of how big data may help advancing sustainability in the Toronto Waterfront. Forbes (2019).

digital age. Sustain Sci 11, 845-854 (2016). 222. Niiler, E. Can Al Be a Fair Judge in Court? Estonia Thinks So. Wired
+HOELQJ ' 1HZ :D\V WR 3URPRWH 6XVWDLQDELOLW\ DQG 6RFLD@O01B)OO %HLQJ
in a Complex, Strongly Interdependent World: The FuturlCT Approach.

0,
-Q :K\ 6RFLHW\ LV D &RPSOH[ ODWWHU OHHWLQJ 7ZHQW\ 4 UVW &%@%%Ybooo % SUHGLFWLYH SROLFLQJ 7KH )XWXUH RI /DZ (QIRUI

Challenges with a New Kind of Science (ed. Ball, P.) 55-60 (Springer GRL H

%HUOLQ +HLGHOEHUJ GRL B 224. Greengard, S. Policing the future. Commun. ACM 55, 19 (2012).
Helbing, D. & Pournaras, E. Society: Build digital democracy. Nature 225. Beck, C. & McCue, C. Predictive Policing: What Can We Learn from
1HZV Wal-Mart and Amazon about Fighting Crime in a Recession? The

Bauer, J. M. & Herder, P. M. Designing Socio-Technical Systems. In Police Chief Magazine 76, (2009).

Philosophy of Technology and Engineering Sciences (ed. Meijers, 226. Bennett Moses, L. & Chan, J. Algorithmic prediction in policing:
$ IRUWK +ROODQG GRL % assumptions, evaluation, and accountability. Policing and Society 28,
1.50026-4. 806-822 (2016).
Buckingham Shum, S. et al. Towards a global participatory platform. 227. Brauneis, R. & Goodman, E. P. Algorithmic Transparency for the
The European Physical Journal Special Topics 214, 109-152 (2012). 6PDUW &LW\ <DOH -/ THFK
Hess, C. & Ostrom, E., eds. Understanding Knowledge as a Commons: =RXDYH ( 7 ODUTXHQLH 7 $Q -QFRQYHQLHQW 7UXWK $OJRUI
From Theory to Practice. (MIT Press, 2007). 7UDQVSDUHQF\ $FFRXQWDELOLW\ LQ &ULPLQDO -QWHOOLJHQFH
Tarkowski Tempelhof, S. The Keiser Report: Susanne Tarkowski 20(1_76Eijz)pean Intelllg?rzc(e and Secugt;;zlrliformatlcs CFEfgrf';(ce
Tempelhof (Bitnation) - Decentralized Governance. (2017).
229. McCue, C. Data Mining and Predictive Analytics in Public Safety and

Scott, B. et al. Exploring the rise of blockchain technology: Towards : ]
GLVWULEXWHG FROODERUDWLYH RUJDQL]DWLRQV 6WUDWHJILF &RFYYyT Professional 8, 12-18 (2006).
(2017). +LO0O . +RZ 7DUJHW )LIJXUHG 2XW $ 7HHQ *LUO :DV 3UHJQDQW %

Gabison, G. Policy Considerations for the Blockchain Technology Public Father Did. Forbes (2012).

and Private Applications. SMU Sci. & Tech. L. Rev. 19, 25 (2016). 'XKLJJ & +RZ &RPSDQLHV /HDUQ <RXU 6HFUHWV 7KH 1HZ <RUN
Borie, M. et al. Mapping (for) resilience across city scales: An (2012).

opportunity to open-up conversations for more inclusive resilience +HOELQJ ' HW DO :LOO 'HPRFUDF\ 6XUYLYH %LJ 'DWD DQG $UW|
policy? Environmental Science & Policy 99, 1-9 (2019). Intelligence? In Towards Digital Enlightenment (ed. Helbing, D.)

Odbert, C. & Mulligan, J. The Kibera Public Space Project: Participation, 6S UBL QIHU -QWHUQDWLRQDO SXEOLVKLQJ GRL

Integration, and Networked Change. In Now Urbanism: The Future City

is Here 176-192 (Routledge, 2014). 6HHOH 3 /RFN - 7KH JDPH FKDQJLQJ SRWHQWLDO RI GLJLWD (

'~ RXONXH\ '"HVLJO —QLWLDWLYH .'— OLVVLRQ KWWSV 7277 N Rg?rQSNSSQWQany: possibilities, perils, and pathways. Sustain Sci 12,

0rg/m|SS|on (2020).

UN Habitat. Global Public Space Programme. 100 https://www. _0||3_QQ EI’DNASS 114+5%$7E5|6§2J(2017)2SWLPDO LQFHQWLYHV IRU FROOHFWLY
XUEDQJDWHZD\ RUJ VIVWHP 4 OHV GRFXPHQWV XUEDQJDWHZzD\ b JEWEE% ' :

UHSRUWB BJOREDOBSXEOLFBVSDFHBSURJUDPPH SGI *XUXPXUWK\ $ %KDUWKXU ' '"HPRFUDF\ DQG WKH $OJRULWKPL
Popper, R. Foresight methodology. In The Handbook of Technology 685 “QW 0 - RQ +XP 5WV

Foresight: Concepts and Practices (eds. Georghiou, L. et al.) 44-89 %RWVPDQ 5 %LJ GDWD PHHWV %LJ %URWKHU DV &KLQD PRYHV \
(Edward Elgar Publishing, 2008). citizens. Wired UK (2017).




240.

245.

246.

248.

249.

250.

251.

254,

255.

256.

257.

ODORQH 7 : 6XSHUPLQGV 7KH 6XUSULVLQJ 3RZHU RI| 3H2ZR&E OH DAQdiiz, F. & Garcia V, R. The evolutionary origin of the language

Computers Thinking Together. (Little, Brown Spark, 2018). areas in the human brain. A neuroanatomical perspective. Brain Res.
JDUURZ . HW DO 7KH LPSDFW RI JRDOV DQG SXEOLF UHZDUGYV F?gYD SURVRFLDO
behaviour: an exploratory economic experiment. Applied Economics 259. Dehaene, S. Evolution of human cortical circuits for reading and
/THWWHUYV arithmetic: The “neuronal recycling” hypothesis. In From Monkey
0, 0, N _
+DZNLQV 5 ; ' HW DO 7KH (PHUJHQFH RI 6RFLDO 1RUPV DQG Z/OOO%)DLQ WR +XPDQ %UDLQ HGV "HKDHQH 6 HW DO 0-7 3V

&RQYHQWLRQV 7UHQGV LQ &RJQLWLYH 6FLHQFHV

Allcott, H. Social norms and energy conservation. Journal of Public
Economics 95, 1082-1095 (2011).

260. Loh, K. K. & Kanai, R. How Has the Internet Reshaped Human
Cognition? Neuroscientist 22, 506-520 (2016).

1\ERUJ . HW DO G6RFLDO QRUPV DV VROXWLRQV 6FLHQF2IQ1' Bamberg, S.&Moser,G.Tvyentyyearsafter_Hmes, angerford,and
Tomera: A new meta-analysis of psycho-social determinants of pro-

+R+PDQ $ - +RZ &XOWXUH 6KDSHV WKH &OLPDWH &KDQJH 'H E D #wWronmental behaviour. Journal of Environmental Psychology 27,
(Stanford Briefs, 2015). 14-25 (2007).

(RP . HW DO &XOWXUDO 9DULDELOLW\ LQ WKH /LQN %HWZHHQ (QL¢IRARQPHQWBOUDJRQV RI —-QDFWLRQ 3V\FKRORJLFDO %DUULHU
Concern and Support for Environmental Action. Psychological science Limit Climate Change Mitigation and Adaptation. Amer. Psychol. 66,
27, (2016).

1RODQ - 0 HW DO 1RUPDWLYH 6RFLDO -Q5 XHQFH LV 8QGHUGHWBEWHGRVKXD %HQJLR RQ +XPDQ YV ODFKLQH -QWHOOLJHQFH
Personality and Social Psychology Bulletin (2008) Synced (2019).

GRL 264. Thaler, R. H. & Sunstein, C. R. Nudge: Improving Decisions about
Tyszczuk, R. & Smith, J. Culture and climate change scenarios: the role Health, Wealth, and Happiness. (Yale University Press, 2008).

and potential of the arts and humanities in responding to the ‘1.5 .
GHJUHHV WDUJHW &XUUHQW 2SLQLRQ LQ (QYLURQPHQWS%S' 6XVM@E?Q%)§}QQ%\§}S
56-64 (2018).

Assadourian, E. Re-engineering Cultures to Create a Sustainable
Civilization. In State of the World: Is Sustainability Still Possible?

ries vs. facts: triggering emotion and action-
OLPDWH FKDQJH &OLPDWLF &KDQJH

266. Green, M. C. & Brock, T. C. The role of transportation in the
persuasiveness of public narratives. Journal of Personality and Social
Psychology 79, 701 (2000).

-VODQG 3UHVV GRL B
7. inT, QAI §nvi onan‘r]Bal NGOs and the Anti-Dam Movements in

0, - N .

%RO G.H U.G L M. N CoHW .D O &RPS D ULQJ WKH He HFWLYHQ H%PV RI P@r?%é‘; ogigl Movement with Chinese Characteristics. Issues &
moral motives in environmental campaigning. Nature Climate Change 6WXGLHV

. X . . 268. Taylor, L. Environmentalism and Social Protest: The Contemporary
Nybofg’ K- & R?ge' M. On social norms: the ev_olunon of c_ons!derate Anti-mining Mobilization in the Province of San Marcos and the
smoking behavior. Journal of Economic Behavior & Organization 52, &RQGHEDPED 9DOOH\ 3HUX -RXUQDO RI $JUDULDQ &KDQJH
(2011).

Scott, E. S. Social Norms and the Legal Regulation of Marriage. Virginia
Law Review 86, 1901-1970 (2000).

O’Rourke, D. & Lollo, N. Transforming Consumption: From Decoupling,
to Behavior Change, to System Changes for Sustainable Consumption.
$QQX 5HY (QYLURQ 5HVRXU

Weber, E. U. Breaking cognitive barriers to a sustainable future. Nature
+XPDQ %HKDYLRXU

OLOD 9LVXDOL]LQJ WKH LPSDFW RI FOLPDWH FKDQJH KWWSV F
en/visualizing-the-impact-of-climate-change/ (2019).

6FKPLGW 9 HW DO 9LVXDOL]LQJ WKH &RQVHTXHQFHV RI &OLPD)
Using Cycle-Consistent Adversarial Networks. (2019).

271. Bucher, T. et al. Nudging consumers towards healthier choices: a
VI\VWHPDWLF UHYLHZ RI SRVLWLRQDO LQ5 XHQFHV RQ IRRG FKRLF

-DKQHPDQ ' 7KLQNLQJ )DVW DQG 60RZ $QFKRU &DQDGBZ. Gigerenzer, G. & Brighton, H. Homo Heuristicus: Why Biased Minds
7YHUVN\ $ .DKQHPDQ ' -XGJPHQW XQGHU 8QFHUWDLQW\ +HXOURDNWI%NWWWHU -QIHUHQFHV 7RSLFV LQ &RJQLWLYH 6FLHQFH
DQG %LDVHV 6FLHQFH (2009).
Kahneman, D. The human side of decision making: Thinking things *XLOEHDXOW ' 'LJLWDO ODUNHWLQJ LQ WKH 'LVLQIRUPDWLRQ $.
through with Daniel Kahneman, PhD. Journal of Investment Consulting - QWHUQDWLRQDO $«DLUV
274. Papacharissi, Z., ed. A Networked Self and Human Augmentics,
Ledoux, J. E. Cognitive-Emotional Interactions in the Brain. Cognition $UWL4 FLDO —-QWHOOLJHQFH 6HQWLHQFH 5RXWOHGJH
PQG (PRWLRQ 275. John, P. All tools are informational now: how information and
Fiske, S. T. & Taylor, S. E. Social Cognition: From Brains to Culture. vol. 1 SHUVXDVLRQ GH4 QH WKH WRROV RI JRYHUQPHQW 3ROLF\ DQG 3F
6$*( BSXEOLFDWLRQV
Zaval, L. & Cornwell, J. F. M. Cognitive Biases, Non-Rational 276. Kennedy, J. F. Special message to the Congress on urgent national
Judgments, and Public Perceptions of Climate Change. Oxford needs. (1961).
5HVHDUFK (QF\FORSHGLD RI &OLPDWH 6FLHQFH GRL

DFUHIRUH




280.

281.

284.

285.

286.

287.

288.
289.

290.

291.

%RWK 1ZDEXZH - 0 & HW DO 6ZHHSLQJ WKH 5RRU RU 2%WW L QMuller @UeipzRAQC. et al. Immersive Virtual Environments and
WKH PRRQ +RZ WR GH4 QH DQG PHDVXUH PHDQLQJIXO ZRUN )URQiwdteHahanhge @ngagement. In iLRN 2018 Montana: Workshop,

Psychology 8, 1658 (2017). Long and Short Paper, and Poster Proceedings from the Fourth
Geertz, A. W. & Jensen, J. S., eds. Religious Narrative, Cognition, and EETH UVLYH /HDUQLQJ SHVHDUFK 1HWZRUN &RQIHUHQFH

Culture: Image and Word in the Mind of the Narrative. (Routledge,
2011). 297. McGarry, C. Tim Cook: Augmented reality is the future, and fake

van der Leeuw, S. The role of narratives in human-environmental news is ruining everything. Macworld (2017).

relations: An essay on elaborating win-win solutions to climate change 298. Kline, K. Journalism needs help - and mixed reality is coming to the
and sustainability. Climatic Change (2019) doi:https://doi.org/10.1007/ rescue. Venture Beat (2019).
v \ 299. Steed, A. et al. ‘We wait’ - The imact of character responsiveness and
Vosoughi, S. et al. The spread of true and false news online. Science self embodiment on presence and interest in an immersive news
experience. Frontiers in Robotics and Al 5, 112 (2018).
Royal Society for Public Health. Moving the needle: Promoting .bQJ 6 HW DO -PPHUVLYH MRXUQDOLVP DQG WHOHSUHVHQFH '
YDFFLQDWLRQ XSWDNH DFURVV WKH OLIH FRXUVH KWWSV ZZPHDSGKWRUIHZN XVH De HFW QHZV FUHGLELOLW\" "LJLWDO -RXUQDC
XSORDGV DVVHWY XSORDGHG | FI D E | H GH DI 1 SGI (2018).
(2018).

$URQVRQ 5DWK 5 HW DO 9LUWXDO 5HDOLW\ -RXUQDOLVP &RO
/DJHU ' 0 - HW DO 7KH VFLHQFH RI IDNH QHZV 6FLHQFH Journalism School, 2016).

(2018). +XQW ( 'HHSIDNH GDQJHU :KDW D YLUDO FOLS RI %LOO +DGHU
6KDR & HW DO 7KH VSUHDG RI ORZ FUHGLELOLW\ FRQWHOQW E\ MR EQiSE RIW ¥. ThOGVardian (2019).

Commun 9, (2018). 1D] 1 'HHSIDNHV -QIRUPHG GLJLWDO FLWL]HQV DUH WKH EHVV

Avaaz. Why is YouTube broadcasting climate misinformation to defence against online manipulation. The Conversation https://

PLOOLRQV" KWWSV DYDD]J]LPDJHY DYDD] RUJ \RXWXEHBFOLP D \fétBnversation.com/deepfakes-informed-digital-citizens-are-the-

misinformation.pdf (2020). best-defence-against-online-manipulation-129164 (2020).

Fake news threatens a climate literate world. Nat Commun 8, 1-2 *LUDUG 0O &DQDGD 1HHGY 6WDQGDUGYVY WR 6XSSRUW %LJ 'DWD $
(2017). KWWSV ZZZ FLIJLRQOLQH RUJ VLWHYV GHIDXOW 4 OHV GRFXPHQV

Guess, A. et al. Selective Exposure to Misinformation: Evidence from QR ZHEB SGI

the consumption of fake news during the 2016 U.S. presidential *LUDUG 0 6WDQGDUGVYV IRU GLIJLWDO FRRSHUDWLRQ KWWSV Z 2
campaign. (2018). org/publications/standards-digital-cooperation (2020).
Allcott, H. & Gentzkow, M. Social Media and Fake News in the 2016 ODOPRGLQ - /IXQG«Q ' 7KH (QHUJ\ DQG &DUERQ )RRWSULQW R
(OHFWLRQ -RXUQDO RI (FRQRPLF 3HUVSHFWLYHV *OREDO -&7 DQG ( 0 6HFWRUV 6XVWDLQDELOLW\

(2018).

Nielson, R. K. The Power of Platforms. (2019).

Van der Linden, S. et al. Improving Public Engagement With Climate
Change: Five “Best Practice” Insights From Psychological Science.
3HUVSHFW 3V\FKRO 6FL

+DTXH 1 HW DO 5DUH (DUWK (OHPHQWYVY 2YHUYLHZ RI OLQLQJ
Mineralogy, Uses, Sustainability and Environmental Impact.
5HVRXUFHYV

Wang, S. et al. Public engagement with climate imagery in a changing SHUNLQV 1 HW DO (:DVWH $ *OREDO +D]JDUG $QQDOV RI *Of

digital landscape. Wiley interdisciplinary reviews: Climate Change Health 80, 286-295 (2014).
(2018). 6PLWK % OLFURVRIW ZLOO EH FDUERQ QHJDWLYH E\ 2] FLD
Microsoft Blog https://blogs.microsoft.com/blog/2020/01/16/

Milk, C. How virtual reality can create the ultimate empathy machine. PLFURVRIW ZLOO EH FDUERQ QHJDWLYH E\

(2015).

5L,YD * HW DO $*HFWLYH —-QWHUDFWLRQV 8VLQJ 9LUWXDO 5HD%JTHWA?_&ZQQ|/%QFB'OS?\VégéH(S\\F/vVSSDGWGLVgSELOLW\ RI
between Presence and Emotions. CyberPsychology & Behavior 10,

(FRORJLFDO 6\V\

45-56 (2007). +DLPHV < < 2Q WKH 'H4QLWLRQ RI 5HVLOLHQFH LQ 6\VWHPV 5|
5DGX - $XJPHQWHG UHDOLW\ LQ HGXFDWLRQ D PHWD UHYLHZ 69Q%?8|7:58]R(€/O\99)'
PHGLD DQDO\VLYVY 3HUV SB8ELTXLW &RPSXW -3&& &OLPDWH &KDQJH OLWLIJDWLRQ RI &0LPDWH &KDQ.

Working Group Il Contribution to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. (Cambridge University
Press, 2014).

Bailey, J. et al. The Impact of Vivid Messages on Reducing Energy
Consumption Related to Hot Water Use. Environment and Behavior 47,
570-592 (2015).

Wiederhold, B. K. Is Augmented Reality the Next Frontier in Behavioral
Health? Cyberpsychology, Behavior, and Social Networking 22, 101-102
(2019).




Cover page: Foreground: Rex Features. Paris, France / AP Images | Background:

Page 9:

3DJH
Page 24

Page 27

3DJH

3DJH
3DJH

3DJH
3DJH

Page 45:
Page 47:
Page 48:

Page 49:
Page 51:

3DJH

Page 55:
Page 59:
Page 60:

Page 62:

3DJH

Page 67:

3DJH

Page 69:

Page 70:
Page 71:

3DJH

Remiorz, Ryan. March 15, 2019. Montreal, Canada / Canadian Press.

Boethling, Joerg. January 22, 2017. Ngong Hills, Nairobi, Kenya / Alamy
Stock Photo.

$GDSWHG IURP &]HNDMHZVNL ODFLHM ODUFK

(L-R): Lunch, Jacob / Envato Elements. | Public photo documentation wall.
'"HFHPEHU %HUOLQ *HUPDQ\ :LNLSHGLD
Mandela In His Words - Excerpts from Speeches, 1961 — 2008, UN.

March 1, 1985. Johannesburg, South Africa / UN Photos.

$B9RY CWREDBEBKRWR sunvy sxaxvw

813 Kpﬁ% §4: Klnﬁco(yﬁe%orz. February 9, 2019 / Alamy Stock Photo.
Page 85: Prior, Sean. May 16, 2017 / Alamy Stock Photo.

Page 77: Howell, Peter. June 19, 2019 / iStock by Getty Images.
Page 78: Johnsson, Jens / Unsplash.

Page 82: Mukherjee, Indranil. August 18, 2014. Mumbai, India / AFP via Getty

Images.

$ODP\ 6WRFN 3KRWR

Page 86: Adapted from Mila — Montreal Al Institute.

: Dawson, Alan. March 15, 2019. Las Palmas, Gran Canaria, Canary Islands,
Spain / Alamy Stock Photo.

6PLWK -RVHSKLQH 'HFHPEHU

Wikipedia.

*UDW]JHU -RQDV -XQH 6RXWK .RUHD

.ROEHLQV +DOOGRU ODUFK

Images. 3DJH

2SHQ RQOLQH LPDJH
2UERQ $OLMD OH[LFR
Future Earth graphic.

*HWW\ —-PDJHV

Dragani, Vincenzo. August 12, 2009. Tuscany, Italy / Alamy Stock Photo.

From Ross, Selena. Montreal-developed satellite pinpoints carbon from
space / National Observer, November 4, 2019; artwork by Vaughan.

RDW Environmental. December 27, 2018. Thailand / Alamy Stock Photo.

Taylor, Paul. Digital Vision collection. Los Angeles, CA, United States /
Getty Images.

+XT 2PL 6DLIXO
Motzkau, Holger. December 7, 2009. Stockholm, Sweden / Wikipedia.

81+&5 3DJH
kentoh / Feature Pics.

Inset: Bouissou, Arnaud. December 12, 2015. Paris, Franc / Flickr | Bouys,
Gabriel. December 6, 2019. Madrid, Spain / AFP via Getty Images.

Sueb, C. March 8, 2018. Bangkok, Thailand / Alamy Stock Photo.
:DYHEUHDNPHGLD /WG 3+ $SULO
Singhaseri, Nittaya. Chon Buri, Thailand / Getty Images.
675 2FWREHU 7TRURQWR &DQDGD

3DJH

Odbert, Chelina. 2011. From: Odbert, C. and Mulligan, J. 2014. The Kibera
Public Space Project: Participation, Integration, and Networked Change.
In Now Urbanism: The Future City Is Here, pp.176-192. Hou, J., Spencer, 3DJH
B., Way, T. and Tocom, K. (Eds.) London: Routledge. 3DJH

Checkley, S. October 22, 2018. Cumbria, UK / Alamy Stock Photo.
McNew, David. January 10, 2019 / AFP via Getty Images.

JURP 7LSSHWW .ULVWD 'DQLHO .DKQHPDQ
and confound each other.” On Being podcast October 5, 2017: https://
onbeing.org/programs/daniel-kahneman-why-we-contradict-ourselves-
and-confound-each-other-jan2019/

Page 87: Top: Snow, Beth. July 25, 2016 / Flickr | Bottom left: Pappis, Zoe. New

York, US. From Cantave, Glenn. Confronting Columbus. Monument Lab.

/JLEUDU\ DQG $UFKLYHV &b QDZBIB |Bbtidm right: Colin Kaepernick Model by Micah Milner.

Movers and Shakers NYC. Augmented Reality Monuments Tour — The

JLIKWSRENHW v LMOMPER D g1 v
5H\NMDYLN —F H o D B3¢ 9% Pybappey Geify)mpges.

&-*— *UDSKLF

ELRJUDSK\ FRP VFKRODU DGDP WRdeWea Image Source. April 15, 2011. Bavaria, Germany / Alamy Stock Photo.
Page 97: Microsoft — Microsoft Impact Stats provided directly for this report.
Page 104: Garard, Jennifer. October 18, 2008. Alto del Perdén, Navarre, Spain.

QUOTE CREDITS
$00 TXRSHEVHIFQ¥CHdQ (Pages 6-7) provided directly for this report

4XRWH SURYLGHG GLUHFWO\ IRU WKLV UHSRUW E\ <RXED 6RNRQD

Page 29: John M. Culkin, March 1967. A Schoolman’s Guide to Marshall McLuhan,

7KH 6DWXUGD\ 5HYLHZ S DYDLODEOH RQOLQH KWWSV
royalroads.ca/llefevre/wp-content/uploads/sites/258/2017/08/A-
Schoolmans-Guide-to-Marshall-McLuhan-1.pdf. An interpretation of the

work of Marshall McLuhan.

$GDP 6PLWK

ZHEV

$Q -QTXLUV LQWR WKH 1DWXUH DQG &DXVHV RI

$ODP\ 6WRFN 3KR Wfﬁ\lations, Book IV, Chapter 2. London: Methuen and Co., Ltd.
Page 51: Quote provided directly for this report by Tom Hassenboehler
$)3 YLD *HW \Age 35 FlinpyOstrom, October 12, 2009. Nobel Prize in Economic Sciences news

conference. Summary available online:
moneymorning.com/2009/10/12/ostrom-williamson/

4XRWH SURYLGHG GLUHFWO\ IRU WKLV UHSRUW E\ $DUWL *XSWD

'DQLHO .DKQHPDQ 7TKLQNLQJ 7KH 1HZ 6FLHQFH RI '"HFLVLRQ
Problem-Solving, and Prediction. New York: Harper Perennial.

Page 81: Quote provided directly for this report by Yoshua Bengio
K\ zH FRRIB BIeQURRPRIABAAIRSHY fpythis report by Ravi Jain
Page 92: Quote provided directly for this report by David Jensen
Page 94: Quote provided directly for this report by Asuncién Lera St. Clair



fu t u r@rt h Future Earth is a global network of scientists, researchers, and innovators collaborating for a

more sustainable planet.
Research. Innovation. Sustainability.



UNPRECEDENTED 655
TRANSPARENCY

INTELLIGENT #
SYSTEMS

®

WORK
TOGETHER

MASS
COLLABORATION

CLIMATE SAFE

& EQUITABLE
MIXED

REALITY




	REVISED_D2S_AGENDA_compilation_009
	REVISED_D2S_AGENDA_compilation_008

	REVISED_D2S_AGENDA_compilation_010

