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FOREWORD

OUR WORLD HAS ENTERED AN ERA OF AN
ESCALATING CLIMATE CRISIS COMBINED

WITH MASSIVE LOSS OF BIODIVERSITY, WHICH
COLLECTIVELY IS REFERRED TO AS THE
PLANETARY EMERGENCY. ALTHOUGH THERE ARE
NOW MULTIPLE AGREEMENTS, PLEDGES AND
POLICIES, THESE DO NOT MATCH THE SCALE OF
THE PROJECTED RISKS. CURRENTLY WE HAVE A
TWO THIRDS CHANCE OF REACHING A GLOBAL
AVERAGE INCREASE OF 1.5 DEGREES CELSIUS
BY 2027 COMPARED TO PRE-INDUSTRIAL TIMES
AND TO EXCEED SAFE LIMITS FOR LONGER TERM
HUMAN CIVILIZATION IN THE NEXT CENTURY. IN
TERMS OF AVERTING LONGER TERM CLIMATE
CATASTROPHE THESE NEXT FEW YEARS ARE
EQUIVALENT TO THE 'GOLDEN HOUR" FOR WHEN &
TS POSSIBLE TO SAVE SOMEONE AFTER A MAJOR 8
ROAD TRAFFIC INJURY.

With the era of rapid digital transformation, emerging digital
technologies could provide critical solutions to the multipleand
complex challenges in the poly-crisis that we currently face. This
report outlines the size and scale of our Planetary Emergency,
and theimportance of matching these challenges with scientific
and technological solutions. Asummary of existing digital
solutions as applied to climate change is provided, along with an
overview of future opportunities from emerging technology.
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Additionally, this report has been prepared by medical doctors with expertise in digital
technology, who provide a unique perspective to this life-threatening challenge. In
order to contribute to this global agenda, knowledge is transferred from managing a
critically ill patient in order to identify key processes that support life in general, in
order to aid our collective understanding of the treatment and recovery of our Planets’
biosphere and life system. The essential determinants and processes of life that

are common to all forms of life on Earth have been identified to allow for the future
development of a Global Index for the Vital Determinants of Life. This would enable the
creation of an integrated multi-disciplinary systems response to the identification and
monitoring of critical thresholds for our biosphere’s tipping points, in order to guide
rapid and effective interventions to stabilize the Planet’s life systems and aid longer
termrecovery. In essence all forms of life, whether as humans, animals, plants or the
natural environment, rely upon the health of each other within the Planet’s biosphere.
Going forward in order to secure our own health, we need to operate and collaborate as
part of a trans-disciplinary ‘One Planet Health System’.

The application of emerging digital technological now has the capability to analyse multiple and
interacting systems that can assist in identifying effective and sustainable interventions to address
our complexand reinforcing risks. Recommendations include the need to strengthen governance

- for existential threats to humanity, which aside from our planetary emergency include the potential
| risks from Artificial Intelligence. However, the application of digital solutions has many potential

benefits for humanity, if it is harnessed to identify, deliver and monitor effective strategies to
address the risks posed by our Planetary Emergency. This could be advanced through the creation
of atrans-disciplinary Planetary Health Service as a Global Good and enabled by a Digital Platform

% toscaleand speed our capacity to secure the well-being for all of our future generations.
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OUR PLANETARY EMERGENCY AND

OUR PLANETARY EMERGENCY AND THE GOLDEN HOUR

We have entered the equivalent of the ‘Golden Hour’ where we have the potential to still revive a patient
who would otherwise die from their injuries. However, Patient Planet is seriously ill that can be seen to
be suffering from multi-system failure that requires urgent treatment to stabilize its vital life support
systems, followed by a robust recovery plan. Although an analogy, humans have essentially evolved from
the Planet’s life systems and are intrinsically inter-dependent with other forms of life and the systems
that support them within the precious biosphere of this planet. The more that we are able to appreciate
these complexinteractions that sustain the balance of life on this planet, the more likely we are to avert
runaway climate change with a catastrophic loss of life, risking both humans as well as other forms of

life. (IAC, 2019).

Weare now in the era of the polycrisis — with an acceleration of our
previously stable climate systems now on the verge of exceeding

safe thresholds. Inturnthe climate crisis interacts withand impacts
biodiversity lossand ourincreasing rates of extinction. Together, the
climate and environmental crisis that we are facingis referred toas the
Planetary Emergencyinthis report.

Thefirst two chapters provide an overview of the status of our
Planetary Emergency,and introduce the parallels with the essential life
processes and the vital determinants of life in order to contribute to
effective emergency responses going forward. Digital solutions have
the potential to scale up our responses to our Planetary Emergency
andthe third chapter provides a summary of existing solutions, some
of whicharealready global and others have the potential to become
global goods. Whilst chapter four explores opportunities presented by
emerging technology to further contribute to identifyingand delivering
sustainable and strategic solutions for our Planetary Emergency.

This chapter concludes with suggested approaches to strengthen
governance from the risks presented by Artificial Intelligence, with the
final chapter outlining recommendations that could be advanced with
collaborative partners.

THE CONCEPT OF PLANETARY BOUNDARIES

In2009,aleading group of international scientists identifiedand
presented the nine processes that regulate the stability and resilience
of the Earth system. The Planetary boundaries framework represents
these vital nine processes. Quantitative boundaries for each process
were derived based on the thresholds of the parameters controlling
the respective process. Scientists were able to quantify seven such
boundaries which are summarised opposite.

Those currently within the green zones are within safe operating
limits to sustain life on this planet. Whilst those in the orange zones
have already exceeded safe limits for sustainable planetary systems
andinclude Novel Entities such as plastics and heavy metals, pollution
fromagricultural nitrogen and phosphorus (Biogeochemical Flows),
biodiversity loss and extinctions, (Biosphere Integrity), Land System
Change from deforestation and urbanization, Freshwater Change of
green water supplies,and Climate Change.

Within these proposed quantitative planetary boundaries, humanity
can continue to develop and thrive for generations to come, while taking
actions to control existential threats to ensure that we operate within
the safe zone of boundaries. Crossing these boundaries increases the
risk of generating large-scale abrupt or irreversible environmental
changes. Although some of the thresholds have not yet been
determined, this research has been helpful inadvancing our knowledge
and approach to addressing climate change tipping point thresholds.
Thisapproach has been used to describe the inter-relationship between
sustainability and environmental justice;
https://www.nature.com/articles/s41586-023-06083-8

Goingforward, the energy transition must be just, inclusiveand
equitable. If the transition away from fossil fuels is not just, it will not be
sustainable. Asthe clean energy transition accelerates, itis imperative to
simultaneously accelerate the universalaccess to energy in developing
countriesand ensureajust energy transition that lifts everyone. While
anenergytransition s inevitable, it may further widen inequalities
unlessjustice isan underpinning value. The usage of fossil fuel must be
accountableand transparent, with some countries are signinga pledge
to endfossil fuelfinance overseas. Nations must also stop subsidizing
fossilfuels domestically and shift towards cleaner sources of energy
while ensuringaccountability, credibility and transparency.

The Green Transition including batteries, energy storage and the
creation of electric cars, solar panels, wind turbines and nuclear power
plants currently relies uponavariety of metals and minerals, including
acids, salts, heavy metals and radioactive materials. Many of theseare
limited and valuable resources that are not sustainable for the long-
term. Moreover, many require exploitation and contamination of the
oceans, water, land,andair,and cause harmto the biosphereand to
human health. Going forward, the sustainability and negative impacts
of solutions for the energy transition needs to be factoredinto longer
term planning if we are to achieve a healthy secure planet for our future
well-being.
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OUR PLANETARY EMERGENCY AND
THE VITAL DETERMINANTS OF LIFE

THE VITAL DETERMINANTS OF LIFE ON EARTH

Human civilisation has existed with a comfortable and stable
temperature range of between only -1to +1 degrees C over the
last 800,000 years; (IAC, 2019). Already in 2023, with just arise
of 1.15 degrees C we are experiencing substantial changes to
the climate and environment. Above 47 degrees C in the open
environment humans are unable to survive metabolically,
(Lovelock J, 2019).

By 2022, the world experienced more days with extreme temperatures
exceeding 47 degrees C than ever before and this will continue to
increase. Anincrease of just 3-4 degrees C can be lethal for humans,
with the table below summarising the key anticipated impacts as
global temperatures rise.

PREDICTED RISKS FROM THE EARTH’S
TEMPERATURE CHART

Thereare considerable parallels between how Earth Systems operate that
arein common with life systems observed in other life formsincluding
animals and humans. Given that all of life has evolved from the Earth many
ofthese life processes and systems havea common ancestryand have
co-evolved together. The scientific discipline described as ‘Earth Systems’
considers theinteraction of the Planet’s complexand self- regulating
systems; (Kump LR etal,2016).

Tosecurethe survival of future generations, we need to generatean
emergency response in order to stabilise the Earth’s health system. In

an emergency situationinanimals, vital life signs are determined by the
ABC of Airways, Breathingand Circulation - whichis like the Earth’s
Airand Water systemsincluding oceans, freshwaterand wetlands. In
intensive care, the functions of the major organsact to process energy
and clear toxins and risk going into multi-system failure. In the analogy, this
equates to Food, while Land represents the structure and skin required
tosupport life systems. Air, Water, Food and Land can be seen as the vital
determinants forall life forms. We cannot exist without them.

The table opposite outlinesarange of emergency responsesto secure
these vital determinants of life. They draw upon existing evidence from
the Drawdown project, the Lancet EAT Commission, Nature-Based
Solutions, Planetary Boundary’sand NASA’s vital statistics for the Earth.

PREDICTED RISKS FROM THE EARTH’S
TEMPERATURE CHART

Temperature: 1.1 degrees C increase since 1880

Indicators: Carbon Dioxide

- 420ppmand other warming
gases

Energy: rapid investmentand
scaling up of renewable energy.
Transport: Major transition of
transport systems based upon
renewable energy and active
transport (walkingand cycling)
Clean Air: Carbon
sequestration to rapidly
reduce carbon emissions

Indicators: ocean acidity;
ocean warming; loss of ice
sheets;sealevel rise

Oceans: Enhance the Oceans’
health by recovering planetary
homeostasis (temperature,
acidity, toxins and plastics)
Land Water: Advance nature-
based solutionsincluding
maintainingand increasing
swamps, peat bogs, flood-
planesandaquifers

Indicators: energy intensity of
food systems; environmental
toxins

Anabolic: scale up sustainable
‘Healthy Planetary Food
Systems’ that enables a
nutritious and healthy planet
Catabolic: reduce excess
consumption and food

waste, improve storage, clean
cooking, recycle waste and
refrigeration

Toxins: reduce environmental
toxinsand restore
contaminated environments

Indicators: desertification;
forestation; soil quality and
acidity

Environment: restore
diverse habitats with nature-
based solutions; reverse
desertification and enhance
reforestation

Earth: enhance soil health and
carbon uptake

Albedo: design environments
to maximise reflection and aid
cooling with white surfaces




ESSENTIAL LIFE FUNCTIONS AND THE VITAL DETERMINANTS OF LIFE

Homeostasis

Kinetic
Intelligence Transfer
Communications

Toxic
Clearance

Reproductive
Diversity

Protection
& Immunity

éuEEr:dGEER,?CEYNCY HESPONSETOOUR PLARETARY OUR BIODIVERSITY AND ENVIRONMENTAL CRISIS

In 2019, the Intergovernmental Science -Policy Platform on Biodiversity
and Ecosystem Services (IPBES) released the most comprehensive
assessment of its kind,and reported that adangerous declineinthe
natural environment over the last 50 years, with anacceleration of
extinction rates. Key findings include:

These next few years will be critical in determining the trajectory
of our planetary emergency. In May 2023 the World Metrological
Office report on decadal trends predicts that by 2027 there is atwo
thirds chance that average near surface global temperatures will
be more than the safe limits of 1.5 degrees C above pre-industrial
levels for at least one year.
https://public.wmo.int/en/media/press-release/global-
temperatures-set-reach-new-records-next-five-years

One millionanimaland plant species are now threatened with
extinction, more than ever before in human history

Three quarters of our land and 66% of marine environments have
become significantly altered due to humanactivity

One third of the world’s land and 75% of freshwater resources are
devotedtoagriculture

Land degradation has reduced productivity by 23% of the global land
surface

oxinsincluding plastics, chemicals and heavy metals have created
over 400 ocean dead zones

Wearekillingour oceans. Above 15 degrees C the surface of the sea
becomes less able to support life, which is why the waters are clearin

hot places. The global ocean hita new record temperature of 21.1°Cin

early April2023. Our oceans absorbabout 90% of the extra heatin the
climate system resulting from global warming, However, this year ocean
temperaturesare higher than predictions related to climate change and
ahead of the EI Nifio climate event later this year, that is expected to bring
warmer, wetter weather. Warm oceans are less able to hold oxygenand
marine heatwaves cause corals and sea-life to die,as wellasincrease melting
of seaiceand glaciers, stormsand extreme weather events on land. o .
https://www.nature.com/articles/d41586-023-01573-1 The health of ecosystemson whichweand

Additionally,as the oceans absorb carbon dioxide to form carbonicacid, allother SPeCies depend is deteriorating more

they have become 30% moreacidic since the industrial eraand have ; ;

absorbed about one third of the carbon emissions humans have produced. rapld ly than ever. Weare erodi ng the SE
foundations of our economies, livelihoods, food

This affects sea-life which require astable PH to form shellsand coral.

Warming oceans expand and is responsible for 33-50% of global sea level : : _ _

rise; security, healthand quality of life worldwide”
https://climate.nasa.gov/vital-signs/ocean-warming/

Sir Robert Watson, Chair of the IPBES Assessment

Furthermore,as oceans continue to warm, they release dissolved carbon
dioxide back into the atmosphere which canactasatipping point for
cascading climate change.

https://www.ipbes.net/news/Media-Release-Global-
Assessment




OUR PLANETARY EMERGENCY AND
THE VITAL DETERMINANTS OF LIFE

Inresponse to our growing planetary crisis, during 2022 the UN
Biodiversity Conference (COP 15) agreed to adopt aglobal biodiversity
framework, with targets and the resources required for implementation.
Inger Andersen the head of UNEP stated at the end of the conference:
“Natureand biodiversity is dying the death of a billion cuts. And humanity is
paying the price for betrayingits closest friend. In the words of the UNSG,
“weare committing suicide by proxy”. This Conference of the Parties must
secure thefuture of our planetary life support system.” https:/fwww.
unep.org/un-biodiversity-conference-cop-15

Forests cover 31 percent of the Earth’s land surface, however thisarea
continues to shrink. Although global agreements have slowed the rate of
deforestation, we still have lost 47 million ha of primary forests between
2000 and 2020. Natural forests provide arich and biodiverse habitat
including for 8o percent of the worlds’amphibian species, 75 percent of
bird speciesand 68 percent of mammal species. However, monoculture
planted forests supports considerably less biodiversity and currently
represent 7% of the global forested areawhichisincreasingyear on year.

Ourforests can be consideredas the Planet’s lungs, by absorbing more
carbonthan they emitand cleaning theair of pollutants and containing
662 billion tonnes of stored carbon. Theyalso create local climate systems,
increasing rainfalland providing protection from heatwaves by cooling
localtemperatures. For example, urban trees have been found to reduce
temperaturesin Central Europe during summerand heat extremes

byas muchas 12°C. However, Climate change isa major risk factor for
forest health withanincreaseinincidence and severity of forest firesand
destructive pests.
https://www.fao.org/publications/home/fao-flagship-
publications/the-state-of-the-worlds-forests/en

Giventhe seriousness of the state of our home, the Planet Earth, we

need to shift our collective response to that of taking emergencyaction,

in much the same way that we would respondtoacritically il patient. If
weareto prevent multi-system organ failure in the form of cascading
climate change as we exceed safe thresholds, this will need to involve rapid
sequestration of warming emissions, the transfer of heat into other forms
of energy and the stabilisation of our planets critical life support systems,
andvital determinants of life. The below figure and table outlines the
operationsand enablers that can be applied to support the rapid transition
that we requirein order to save ‘Patient Planet’and to secure the survival of
our future generations.

A RAPID RESPONSE FOR OUR PLANETARY EMERGENCY

Governance

Prevent

Knowledge
foesonpy

Recover

i ' Response
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ENABLERS FOR AN EMERGENCY RESPONSE

Governance

Knowledge .
°
°
°
°
°

Capacity
Disaster management
centers

IRiskand Emergency Governance
Global Strategy and Regional plans
National legislation and policies
Financial Investments

Monitor, Accountability and Report
Quality and Standards

Risks - All hazards and foresight
Vulnerability assessment
Mapping: Hazard, Vulnerability and
exposure

Research Interventions

Digital Technology

Innovative Solutions

Resilient communities

Engaged stakeholders

Multisector responses

Leadership in emergencies

Guiding principles and ethical values

Educationand Trainingacross the
life-course

Professional and Workforce Planning
and Development

Leadership Development on Risk and
Emergency Governance

Disaster Management Infrastructure
Digital Infrastructure and Platforms

Operations for the Vital Determinants of Life:
AIR - WATER -FOOD -LAND

°

°
Prepare

(]

(]

Recover
[ ]
[ ]
[ ]

Primary Prevention - Build Resilience
Secondary Prevention - Detection
with Early Intervention

Tertiary Prevention - Response and
Mitigate harm

Multisector integrated systems
linked to Sustainable Development

Preparedness plan - Integrated
multi-hazard

Multi-hazard early warning systems
Indicators - Monitor thresholds
including for Tipping Points
Emergency Exercises and Scenarios

Implementation of disaster
management

Multi-sector coordinated response
Rolesand responsibilities
Communication pathways
Address vulnerabilities and
inequalities

Evaluate to Improve and Build Back
Better

Reconstruction

Restoration

Link to Sustainable Development
Goals




Digital Solutions have the potential to act as a catalyst to create rapid and transformative change in order to secure a healthy
planet and life systems that are able to support our future generations sustainably. The aim of the Platform for Planet Place and
People is to create a global good to secure a healthy planet for all enabled by digital solutions. This report builds upon existing
plans, initiatives and partnerships originally established by the Commonwealth Centre for Digital Health and advanced through the
Platform for Planet Place and People, including the report on Digital Solutions for Pandemics and Global Health Security.
https://sites.google.com/view/p4ppp/resources

The Digital Transition has the potential to go hand in hand with the Green Transition. The role of digital solutions can enable modelling of complex
interactions, scenarios, costs and impacts to assist in decision makingand the creation of sustainable solutions. Furthermore, applying digital
solutions such as Blockchain have the potential to ensure greater accountability and to create afair and just world.

The climate crisis is the result of historic, systemic and growinginequalities,and impacts that continue to perpetuate deep global injustices. Ultimately,
although thisisaglobal challenge, countries that have most profited from exploiting our world’s resources and in the creation of the majority of the
worlds’ pollution, should take more responsibility and contribute proportionately to ensure a livable world for all in the future.

To doso, we require rapid and collaborative action to achieve a safe world for our future generations to live in. Digital solutions provide the possibility
totransforminjustices through the creation of global goods with open access to knowledge and resources that enable us to work collaboratively
towards the creation of afuture world where all can flourish. The next chapters outline existingand emerging digital technologies that can be applied

toaddressing our planetary emergency at scale and speed.
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OUR CLIMATE
CRISIS

THE CLIMATE CRISIS - OVERVIEW AND IMPACTS

The temperature target enshrined in the Paris Agreement aims to limit global warming well below 2
degrees, preferably to 1.5 degree Celsius compared to preindustrial levels compared to the Earth’s
average temperature in the late 1800s. By crossing these limits, risks entering into cascading climate
change that leads to damage to the Earth’s biosphere and ecosystems, making the Planet largely

unlivable for human and animal life for millennia.

In 2021, the World Meteorological organization (WMO)
predicted that there is a 48% chance that global surface
temperatures may exceed 1.5 degree Celsius above preindustrial
levels within the next five years, that is by 2026. A single year
of exceedance above 1.5 degree Celsius does not mean we have
breached the iconic threshold of the Paris Agreement, but it
does reveal that we are edging ever closer to a situation where
1.5 degree Celsius could be exceeded for an extended period.

In2021the world had warmed by 1.1 degree Celsius compared to the
preindustrial period. According to the 6th Assessment report published
by the Intergovernmental Panel on Climate Change (IPCC). From January-
September 2022, the global mean surface temperature was 115 ® 0.13
°Cwarmer than the pre-industrial baseline (1850-1900). Despite La Nifia
conditions keeping global temperatures low for the second consecutive
year, 2022 s still likely to be s5th or 6th warmest year on record, with the
previous 8 years identified as the 8 warmest years on record. The World
Metrological Officeannounced that the La Ninathree-year cycle is now
coming toan end, with 2023 and 2024 likely to experience increased global
warmingand extreme weather events as El Nino takes hold.

The probability of breaching 1.5 degree Celsius was close to zero back

in 2015 when the Paris Agreement was adopted, but it has risen rapidly
since then to 50%. According to the WMO, thisis attributed to the rising
accumulation of greenhouse gases in the atmosphere, the majority of

GEOGRAPHICAL PATTERNS OF OUR WARMING PLANET

whichare caused by human activities such as the burning of fossil fuels
and deforestation.

Atmospheric carbon dioxide - CO2 concentrations reached 420 parts per
million in2022. However, the level deemed as safe by scientists is 350 parts
per million, whichwas last observed in the late 1980s. Additionally, the
Arcticis warming nearly four times faster than the rest of the world - due
to polaramplification from factors related to changes to sea currentsand
ice melting which creates further warming from the albedo feedback. The
impacts of Arctic warmingare already being observed.
https://www.nature.com/articles/s43247-022-00498-3

The patterns of heat waves across some countries are partially attributed
tothe warming Arctic interacting with persistent linear pressure patterns.
This causes temperatures to fluctuate with soaring temperatures
unseasonably early in the year, whilst other parts of the world experience
cooler than average temperatures. The IPCC has sent clear and dire
warnings for the longer-term future if we do not keep temperatures to
safe limits.

Climate Changeis not a futurerisk, it is already with us. The temperature
chartillustrates how the world is already experiencing considerable
warming. The last 8 years are the 8 warmest years on record. From
January-September 2022, GMST was 1.15® 0.13 °C warmer than the pre-
industrial baseline (1850-1900).

Annual Temperature Anomalies 2022
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Temperaiure difference lrom 19812010 average ("C)

State of the Global Climate, (WMO 2022)

https://storymaps.arcgis.com/stories/5417cd9148c248c0985a5b6d028bo277



A SIGN OF THE TIMES- SPAIN’S MEGA DROUGHT -
APRIL, 2023

Spain is experiencing the most severe drought in recent years since 1993,
risking Spain becomingadesert. Expertsare callingitamegadroughtand

it has come with an unusually early heat wave resulting in water shortages,
food shortages with skyrocketing of food prices. More than 75% of the
Spainisinaprocess of desertification. The country’s climate is changingand
people are strugglingto cope. After 30 years of increased warming, the mega
drought of 2023 is the consequence of a heatwave combined witha lack of
rainwhichis depletingagricultural and drinking water reserves.

The countryis called Europe’s back garden because it exportsalarge
proportion of food including fruitand vegetables. However, Spain’s crops are
dying, with 60% of Spanish farmland being affected by the drought including
cereal crops that have become dried out. Key crops like olive,almondand
pistachio have also severely affected by the mega drought. Thousands have
lost access to their daily bread. The suffering of farmers has also become the
country’s pain because the prices of food are soaringand people are unable
toafford basic fooditems.
https://www.dutchwatersector.com/news/futurewater-launches-
website-on-drought-status-of-spain-portugal-and-andorra

ADVERSE IMPACTS FROM HUMAN-CAUSED CLIMATE CHANGE WILL CONTINUE TO INTENSIFY

a) Observed widespread and substantial impacts and related losses and damages attribute to climate change:

Water availability and foed production Health and well-being
ey
o e o e o e @ Observed increase in climate impacts
e T * pr b wen vee e to human systems and ecosystems
Physkcal  Agriculturel  Amimal and  Fisheries Infectious Heit, Mental  Displacement assessed at global level
water crop livestock  yields and diseases  malnuirition  health
avallabdlity production  health and  aquacultire and harm . Adverse impacts
productivity  production from wildfire -
. Adverse and posttive impacts.
e T T : Climate-driven changes observed,
Cities, settlements and infrastructure Biodiversity and ecosystems na ghobial assessment of impact direction
@ @ @ @ 9 @ Confidence in attribution
tlu F| waa » Y i [T} T T wen to climate change
Inland oodistorm  Dam Amages Terrestrial ~ Freshwater  Ocean — :
i i High or wery high confidence
fioading and  induced o infra- to key FOOSYSTEIE  ECOSYSIEMES  ECosystems i i ey, s
associated dnmaa.l'ﬁs in  structure ﬁ;ﬁ:fmlt L I == Medium confidence
damates  coaslal ameas 0% ncludes changes in ecosystem strudiure, iy e :
o species fanges and seasonal timing Low aunfidence

b) Impacts are driven by changes in multiple physical climate conditions, which are increasingly
attributed to human influence

Attribution of observed physical climate changes to human influence:
Medium confidence Likely Very likely Virtually certain
2 2| R = o
H
TSvan a gy e
Increase in  Increase  Increasein  Increase Glader Global sea Upper Increase
agricultural in fire compound in heavy retreat  level rise ocean in hot
& ecological weather flooding precip- acidification extremes
drought itation
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OUR CLIMATE
CRISIS

ADVERSE IMPACTS FROM HUMAN-CAUSED CLIMATE CHANGE WILL CONTINUE TO INTENSIFY (cont'd)

c) The extent to which current and future generations will experience a hotter and different world depends on
choices now and in the near-term:

201H1-2020 was
arsund 1150 warrer
than 1850-1200

future expariences depand on
. w i i [larte chan
Future emissions (-’/ iy we address climate change

1900 1940 . 1980 scenarios: 2060 2100
' ' very high
warryxir:g
ORI
| beyond
intermediate J21 0
0 Global temperature change above 1850-1900 levels
e —— o 70 years
0 05 1 15 2 15 3 35 4 in 2020 “fyut old in 2090

h‘{f_l'g:.__ 70 years
TR Le | old n 2050
born l N % 70 years
in fosn R I- . | | oldin 2020

https://www.unep.org/resources/report/climate-change-2023-synthesis-report

EVERY REGION FACES MORE SEVERE AND/OR FREQUENT COMPOUND AND CASCADING CLIMATE RISKS

a) Increase in the population exposed to sea level rise from 2020 to 2040:

Exposure to a coastal flooding event that
currently occurs on average once every 100 years

DE?E:TI:;IF:‘I " “' "

Nerth America “I{ +0.38 million (57%) "H

0.34 million
i it e A M 5381 millon

+ 024 million (71%) "I <
+16.36 million (26%) = & B
Central and Africa l"""“' N i) iR
South America 2.40 million "" BN
o.69miion MY 220 i o55) RERRRA 222228
i 280804

+0.24 milfion {35%) ';_ (

o

Small Islands 'l

; 1.10.13 m-i._lrliil?&': Population exposed in 2020 *‘ A.ustra!aska r
e q Additional populstion exposed in 2040 — $5P2-45 ' i ' 4 D.ﬂ-?;lﬁumlﬁl-g?';
Increase due 1o sea level seonly = | 61 1
Increase due (o sea leved rise and population change —  milion millior
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ADVERSE IMPACTS FROM HUMAN-CAUSED CLIMATE CHANGE WILL CONTINUE TO INTENSIFY (cont'd)

b) Increased frequency of extreme sea level events by 2040:

o
Frequency of events that currently occur = il
on average once every 100 years g‘ 2 ®
°
The absence of a drcle indicates an mability to perform . ;1-‘1'
an assessment due to a lack of data B .
8 { a & )
L i
& L
. ’ "‘-‘-r'- *
Projected change I Annual event "._ %
1 -4 100D wear el s Decadal event » "1" [
under the intermediate Twice-a-century event ®
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b) Example of complex risk, where impacts from climate extreme events have cascading effects on food, nutrition,
livelyhoods and well-being of smallholder farmers:

Multiple climate change risks @ Nk e T Wi
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and cascade in the near term @ heat and drought
Reduced household - Reduced soil moisture | Food prices
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/ . f \'-:-z ’ \
E Food yield 2 :
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Key capacity : A quaity losshs food security
Bi-chirectional
compounding ' = /
Uni-directional A .
LDﬁ'nIJCIIJﬁd!I'-C.': or dDI’IIII'IIJ L
Contagion effect on - Decreased Increased malnutrition
multiple risks i quality of life {particularly maternal malnutrition

and child undemutrition)

https://www.unep.org/resources/report/climate-change-2023-synthesis-report
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OUR CLIMATE
CRISIS

GUIDING FRAMEWORKS AND PROGRESS FOR OUR CLIMATE
CRISIS

Back in 2015, when the Paris Agreement was signed, the goal
of limiting global warming to 1.5 degrees Celsius was born.
Countries individually developed their own domestic plan of
actions and the target for the amount of emissions reductions
that they were ready to commit. After five years in 2020,
countries met up to review the Paris Agreement with their
country plans to achieve the 1.5 degrees goal. However, due
to COVID pandemic the COP 26 meeting was delayed until
November 2021.

Duringthat time, temperatures continued rising, with key findings
documented in the sixth assessment report of the Intergovernmental
Panel on Climate Change (IPCC). The IPCC sixassessment report stated
that temperatures have been rising even faster than previous IPCC
assessment cycles. The global mean surface temperature has increased
by almost 1.1 degrees Celsius above pre industrial level and scientists
found, the concentrations of CO2inthe atmosphere are higher than
the past 2,000,000 years. The Secretary General of the United Nations
Antoénio Guterres called the report as ‘A CODE RED FORHUMANITY’.
He stated that thereis no time for delay. Climate change related actions
can be divided into 3 main categories, which all require financing:

e Mitigationallactions related to limiting greenhouse gas emissions
and preventing climate change.

e Adaptationto help people,economiesand the environmentadapt
and prepare for the impacts of climate change

e Lossand damage -to cover costs associated with climate change
impacts

The Glasgow Climate Pact in 2021, affirms the initial goal of the 2015
Paris Agreement to limit the global average temperature from rising

more than 2°C above preindustrial levels and pursuing efforts to

keep temperature rise below 1.5°C. However, the UNEP reportin

2023 revealsthat evenifall countriesimplement agreed policies and
fulfil their national targets (which are individual goals developed as
Nationally Determined Contributions - NCDs), by the end of the century
collectively these targets are insufficient to keep us below the agreed

1.5 degrees limit. Even if agreed policies are implemented, projected
emissions put us on track to global warming of between 2.2-3.5 degrees
Celsius. These temperatures increase the risk of enteringinto cascading
climate change as tipping points become exceeded. Ultimately, the
ambitions of the NCDs do not match the scientific targets required to
keep us safe from escalating climate catastrophe.

Akey historic challenge of the Climate COP (Conference of the

Parties) Agreements has been the mismatch between scientific risks
and targets to what is deemed as acceptable policies by countries.

For example, the Kyoto Protocol (1997), created a market of carbon
credits to utilize economic tools to reduce carbon emissions. However,
aside from double counting, the oversupply of Carbon credits could
overshoot supply to the market under the Paris Agreementand drop
prices by lowering motivation for the carbon transition and limit new
actions. Therefore, the Paris Agreementin 2015, created two new
market mechanisms. The first one described in the article 6.2, is bilateral
cooperation mechanism for trading of internationally traded mitigation
outcomes between governments. The second one described in the
article 6.4, is multilateral cooperation mechanism which allows trading
of emissions reduction for countries and the private sector anywhere
inthe world. Thisis the new international carbon marketand the
replacement of Clean Development Mechanism (CDM). It was decided
that 5% of the value of creditsissued under the Article 6.4 mechanism
will go to the Adaptation fund.
https://www.un.org/en/climatechange/marking-kyoto-
protocol%E2%80%99s-25th-anniversary

LIMITING WARMING TO 1.5C ADN 2C INVOLVES RAPID, DEEP AND IN MOST CASES IMMEDIATE GREENHOUSE GAS

EMISSION REDUCTIONS

a) Net global greenhouse gas (GHG) emissions:
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LIMITING WARMING TO 1.5C ADN 2C INVOLVES RAPID, DEEP AND IN MOST

CASES IMMEDIATE GREENHOUSE GAS EMISSION REDUCTIONS (cont'd)

b) Net global CO2 emissions:
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c) Global methane (CH;) emissions:
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CRISIS

Since under the Paris Agreement countries do not have legal obligations to
achieve their climate goals as specified by the NCDs. Peer reviewand public
pressure are the drivers to make countries deliver on their targets. Thisinturn
depends upon countries transparent reporting of their progress on emissions.
Atthe cop26, countries agreed on transparency standards by reportingina
consistent manner. Although, many countries have made pledges on reducing
carbon emissions through efforts to reduce deforestationand the phasing out
of coal, these commitmentsare rarely translated into action. Futhermore, the
presence of fossil fuel lobbyists have negatively influenced and acted to weaken
many of the Climate COP agreements due to vested interests.

Historically, high-income countries have exploited the worlds energy and
resources to gain their wealth. In doing so, they have disproportionately
contributed to the worlds carbon emissions and the consequentimpacts from
climate change. However, the worlds poorer countries are disproportionately
affected by the negative impacts, includingloss and damages related to climate
change. With one third of Pakistan land underwater, the debate about loss and
damages became ahottopicat COP 27.

This growing sense of injustice was reflected inthe 2022 Climate COP meetings,
with demands for high income countries to take responsibility withincreased
fundingfor climate adaptation, as well as for loss and damages.

Asaresult of negotiations, developing nations were promised that the goal of
$100 billion will be achieved by the year 2023. Additionally, countries agreed to
double fundingforadaptation by 2025, which would amountinapproximately
$40 billion. In comparison to adaptation, most of climate financing goes to
mitigation projects in energy systems and transportation, with only a quarter

of climate finance going toadaptationin 2019. However, climate financeis

still insufficient, with commitments of $100 billion in comparison to fossil fuel
subsidiesamounted to almost $6 trillion in 2020. Moving the world to Net-zero
emissions within decades will require as muchas $4 trillion of investments
everyyear. The vast majority of that money will need to come from highincome
countriesand from private players. At COP 26 in Glasgow, the world’s biggest
financial institutions, with more than $150 trillion of assets under management
committed to moving their capital toward the goal of reaching net-zero emissions
by 2050. https;/funfccc.int/cop272gclid=CjwKCAjwge2iBhBBEIWAfXDBRzrSi6-_S;
8y3NpWnbcwklYS6Ai7PoYvDejvBeGZwZGVoQ7n-40_iRoCNIIQAVD_BwE

Inyear 2015, there were 195 countries committed to reducing their CO2 emissions
atthe end of the COP 21 conference. These commitments are being supported by
an energytransitionto renewable sources. Thisincludes green technologies such
aswind turbinesandsolar panels, with electric vehicles becomingasymbol of

this new ecological era. However, for us to successful in achievingastable climate
systemwith a healthy biosphere will require rapid sequestration of warming
emissions, as part of anetzero energy transition. Furthermore, sustainable
nature-based solutionsare required that minimise the toxic impacts of many of
the resources required in the development of our energy and planetary transition.

Ultimately, our response to global and existential risks has been largely based
upon pragmatic policy solutions with economic rationales, rather than based
upon scientific facts. Clearly this is a very high-risk approach to a global challenge
that threatens the very existence of humanity. Going forward, solutions need to
be science based and match the level of risk. Furthermore, innovative and digital
technology have the potential to play asignificant role to achieving effective
solutions to our planetary crisis.




FUTURE THREATS, RISKS & HAZARDS TO HUMANITY

According to the IPCC (Intergovernmental Panel on Climate
Change), without immediate and deep emissions reductions
across all sectors and regions, it will be impossible to keep
warming below 1.5° C. If the global temperature rises by 1.5°C,
humans will face unprecedented climate-related risks and
weather events.

However,weare currently ontrack foran estimated 2-3°C temperature

rise by 2100, which could be higher still in the next century asillustrated
below. This will depend upon the interaction of climate tipping points
which could result in cascading climate warming, combined with our ability
toreach netzero rapidly. Even if we cut allemissions today, we are still
setforatemperaturerise, due to the cumulative warming effects from
emissions, unless we are able to scale up negative carbon emissions through
sequestration and stabilize risks from tipping points.

LONGER TERM CLIMATE CHANGE TEMPERATURE
PROJECTIONS AND RISKS
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Global surface temperature change ('C)
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(IPCC,2018)
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapteri2_
FINAL.pdf

To meetagoal of 1.5 °C warming, this demands immediately cutting the
planet’s emissions to 45 % below 2010 levels by 2030. The sixth IPCCC
reportand UNEP global emissions report describe the possibility of
reversible temperature overshoot. However, risks from exceeding
cascading tipping points are already being experienced. (Spratt and
Dunlop, 2022). This would make the possibility of managingatemporary
temperature overshoot as very unlikely,as global temperatures could
escalate rapidly and create a ‘hot house earth’ syndrome. Such a
scenario would be largely unlivable for human civilization and existence.
(Stockholm Resilience Centre, 2018). Preventing risks will require
substantialinvestment inand scaling up of resilience, emergency
preparedness and response mechanisms such as the Sendai Framework
at national, regional and global levels, as summarised opposite.

THE SENDAI FRAMEWORK FOR DISASTER RISK
REDUCTION

The framework for disaster risk reduction 2015-

2030 was adopted at the third United Nation World
conference on disaster risk reduction, Sendai Japan.
This framework has been created in response to
increased risks and vulnerabilities as the climate crisis
deepens over time.

Scope and Purpose: the Sendai Framework applies to the risk
of small-scaleand large-scale, frequent and infrequent, sudden
and slow-onset disasters caused by natural or man-made
hazards, as well as related environmental, technological and
biological hazards and risks. It aims to guide the multi hazard
management of disaster risk in development atall levels as well
as withinand acrossall sectors.

Expected Outcomes: the substantial reduction of disaster risk
and losses in lives, livelihoods and health and in the economic,
physical, social, cultural and environmental assets of persons,
businesses, communities and countries.

Goal: prevent new and reduce existing disaster risk through
the implementation of integrated and inclusive economic,
structural, legal, social, health, cultural, educational,
environmental, technological, political and institutional
measures that present and reduce hazard exposure and
vulnerability to disaster, increase preparedness for response
and recovery, and thus strengthen resilience.

Priorities for action:

1. Understanding disaster risk: including vulnerability,
capacity, exposure of persons and assets, hazard
characteristics and the environment.

Strengthening disaster risk governance to manage
disaster risk at the national, regional and global levels with
coherence of national and local frameworks of laws and
regulations

Investing in disaster risk reduction for resilience
including economic, social, health and cultural resilience of
persons,communities, countries and their assets, as well as
the environment,

Enhancing disaster preparedness for effective response
and to Build Back Better in recovery, rehabilitation and
reconstruction -and ensure capacities are in place for
effective recovery.

Women and persons with disabilities should publicly lead

and promote gender- equitable and universally accessible
approaches during the response and reconstruction phases.
Although climate change has largely been created by wealthy
countries through the process of industrialisation, small Island
States and Low-Income Countries have been disproportionately
affected both in terms of costs and human impacts.

To complement national action and capacity, we need to
enhance international cooperation between developed and
developing countries and between States and international
organizations.
https://www.undrr.org/publication/sendai-framework-
disaster-risk-reduction-2015-2030
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DIGITAL SOLUTIONS FOR THE CLIMATE
CRISIS AND OUR PLANETARY EMERGENCY

INTRODUCTION AND OVERVIEW

Digital innovations including digital software tools and platforms have contributed immensely to
the advancement of humanity. In particular, these tools have played a significant role and imposed
asignificant impact on the areas of human communication and connectivity, information access
and knowledge sharing, process automation and efficiency, project collaboration and management.
Additionally, digital technology has enabled the advancement of research and development, and

enhanced human creativity and expression.

In general, digital software tools have transformed the way we
communicate, work, learn, and create. These solutions have
played a pivotal role in driving progress, innovation, and socio-
economic development in the global community.

Asadataintensive discipline, climate change management has integral
requirements for efficient data processing, visualization, collaboration,
modeling, policy development, and information accessibility. These
integral features have driven the adoption and use of digital software tools
in climate change management. Digital tools enhance decision-making,
promote collaboration,andfacilitate effective actions to address the
challenges posed by climate change.

Digital software platforms and tools enable us to process and analyze
vast amounts of data related to climate change, which have not been
possible to process by only the human brain. These tools have provided
us with the opportunity and ability to collect and integrate diverse and
complex data from a multitude of sources such as satellites, weather
stations,and sensors. Analysis of these integrated data has provided
us with greater insight into the global status of climate change.
Theseinsights include trends and the behaviour of climate patterns,
greenhouse gas emissions, deforestation rates, diversity loss and
many more. These insights have enabled scientists to effectively plan,
implement, monitor, and evaluate interventions to address climate
change, whilst guiding policy and strategic decisions at national,
regional,and global levels. NASA’s Earth Observing System Dataand
Information System (EOSDIS) (https://earthdata.nasa.gov/) and
the European Space Agency’s Climate Change Initiative (CCI)
(https://climate.esa.int/) are some examples of integrated data
platforms.

Some advanced digital tools have allowed scientists to develop complex
climate models based upon collected data to simulate different
scenarios based on models. This has provided greater understanding of
the impacts of climate change, projected future climate scenarios,and
evaluated the effectiveness of climate change mitigation and adaptation
strategies. Widely used such tools are the Community Earth System
Model (CESM) (http://www.cesm.ucar.edu/) and the General
Circulation Models (GCMs) (C.R. Mechoso, A. Arakawa, NUMERICAL
MODELS General Circulation Models, 2015, https://doi.org/10.1016/
B978-0-12-382225-3.00157-2) used by the Intergovernmental Panel
on Climate Change (IPCC) (https://www.ipcc.ch/).

Renewable Energy Planningand Integration is another functional
domainin climate change management that hasimmensely benefited
from digital software tools. They enable planningand integration of
renewable energy sources into existing power grids, the assessment
of potential renewable resources, optimize energy generation

and distribution,and provide simulations of the effects of various
scenarios on grid stability. Digital tools similar to the ones provided by
The National Renewable Energy Laboratory of the U.S. Department
of Energy Renewable Energy, Office of Energy (https://www.nrel.
gov/grid/data-tools.html) and HOMER Energy (https://www.
homerenergy.com/) are used to facilitate renewable energy analysis
and decision-making.

Furthertothe above, digital software tools enable the monitoring
and optimization of human energy consumption. They enable real-
time energy consumption monitoring, analysis of usage patterns,and
identification of opportunities for efficiency improvements (https://
www.g2.com/categories/energy-management).

Most importantly, digital software plays a pivotal role in education and
awareness raising about climate change. Interactive web resources,
educational mobile apps, virtual reality simulations,and gaming tools
reach awider audience to deliver information and to enable deeper
understanding of the causes, impacts,and potential interventions
related to climate change. Resources provided by the World Wildlife
Fund (WWF) (https://www.worldwildlife.org/finitiatives/climate)
and the United Nations Environment Programme (UNEP) (https://
www.unep.org/) are examples for such tools.

Considering the existing landscape of digital tools in climate change
management, the range of digital tools found have been placed into the
following general classification in the table opposite.

The digital software landscape in the field of climate change
management is continuously evolving as new tools and technologies
emerge regularly to address specific needs and challenges imposed by
climate change. It should be noted that the categories provided are not
mutually exclusive,and many digital tools and platforms may fall into
multiple categories.

EVOLUTION OF DIGITAL SOLUTIONS FOR CLIMATE
CHANGE MANAGEMENT: PAST, PRESENT AND FUTURE

Utilization of digital software tools in climate change management
has evolved significantly over the past few decades. There has beena
significant growth in the user base andin the features offered and the
spectrum of available tools.

With the growing awareness of climate change, scientists began to
collect datato understand itsimpacts in the early 1970s. Available digital
tools were limited then and provided relatively primitive capabilities.
Most data collection and analysis in this time was done manually or with
basic software. Spreadsheets on mainframe computers were utilized to
collect and analyze climate data using simple models during this period.
With the improvement of computing power the emergence of
sophisticated climate models occurred. Early models developedin the
1980s simulated the Earth’s climate system, enabling scientists to study
climate patterns, project future scenarios,and assess the potential
impacts of climate change. These models formed the foundation

for further advancements in digital tools. For example, Princeton
university’s Geophysical Fluids Dynamic Laboratory (GFDL) Global
Climate Model (GCM) (https://www.gfdl.noaa.gov) and European
Centre for Medium-Range Weather Forecasts (ECMWF) Integrated
Forecasting System (IFS) (https://www.ecmwf.int/en/forecasts/
documentation-and-support) were early numerical models
converted to software models in the early 1980s.

The utilization of Geographic Information Systems (GIS) tools was
applied to the field of climate change management. These commenced



inthe late 1980s to the early 1990s,and now exist within current GIS tools
that have become integral components of most of the advance integrated
software suitesin climate change management. ARC/INFO, developed by
Esri (https://www.esri.com/en-us/arcgis/about-arcgis/overview),
IDRISI, developed by Clark Labs (https://clarklabs.orgfidrisif),and
GRASSGIS - Geographic Resources Analysis Support System (https://
grass.osgeo.org/) are some of the early GIS tools adopted by the climate
change management community.

Inthe early 2000s, online climate data portals and databases started

to emerge, providing easy and integrated access to a wide range of
climate-related information. NASA’s Earth Observing System Data

and Information System (EOSDIS) (https://earthdata.nasa.gov/)

and Climate Data Online (CDO) developed by the National Centers for
Environmental Information (NCEI) (https://www.ncdc.noaa.gov/
cdo-web/) are two early online data portals that still continue to update
and grow.

With the advancement of computing power and software capabilities in
the early to mid 2000s, more complex, high resolution climate models
and simulations were developed. These models enabled more accurate
predictions on weather events and long-term climate projections. The
Community Earth System Model (CESM) by the National Center for
Atmospheric Research (NCAR) (https://www.cesm.ucar.edu/models/
cesmz/), The Met Office Hadley Centre Climate Model (HadGEM)
developed by the Met Office Hadley Centre in the United Kingdom
(https://www.metoffice.gov.uk/research/approach/modelling-
systems/unified-model/climate-models/hadgem3) and the Max
Planck Institute Earth System Model (MPI-ESM) (https://www.mpimet.
mpg.de/en/science/models/mpi-esm/) are examples of advanced
climate models released during this period.

Decision Support Systems (DSS) and Integrated Assessment Models
(IAM) emerged as powerful tools for climate change management from
the earlyyears of 2000s. The Integrated Model to Assess the Global
Environment (IMAGE) developed by the Netherlands Environmental
Assessment Agency (https://models.pbl.nlf/image/), MESSAGEix
developed by the International Institute for Applied Systems

Analysis (IIASA) (https://www.iiasa.ac.at/web/home/research/
researchPrograms/Energy/MESSAGE_model.html) and GCAM
(Global Change Assessment Model) developed by the Pacific Northwest
National Laboratory (PNNL) (https://jgcri.github.io/gcam-doc/) area
fewof the early integrated assessment models released in this period. The
Long-range Energy Alternatives Planning System (LEAP) developed by the
Stockholm Environment Institute (SEI) (https://www.leap-tool.org/)
and Decision Support for Mainstreaming and Scaling-up Sustainable Land
Management (DESIRE) (http://www.desire-his.eu/) are examples for
early decision supporttools in climate change management.

Since the beginning of the period after the year 2010, digital tools

have contributed to facilitating public engagement in climate change
management via citizen science initiatives and crowdsourcing platforms
including mobile apps and online platforms. ClimatePrediction.netisa
distributed computing project that allows volunteers to contribute their
computer processing power to climate modelingand climate change
research (https://www.climateprediction.net/). The CoCoRaHS
(Community Collaborative Rain, Hail,and Snow) Network s acitizen
science network where volunteers collectand report precipitation data
(https://www.cocorahs.org/). The OpenAQis an open-source platform
that collects and shares air quality datafrom around the world (https://
openagq.org/). The Safecastis a global citizen science initiative focused
onradiation monitoring (https://safecast.org/) and SMARTfinisa
citizen science project that involves attaching specially designed surfboard
fins with sensors to measure oceanographic data while surfing (https://
smartfin.org/),are some of the examples for citizen science initiatives
and crowdsourcing platformsin climate change management.

CATEGORIES OF DIGITAL SOFTWARE TOOLS FOR CLIMATE
CHANGE MANAGEMENT
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and Emissions
Management

Climate Modeling
and Simulation

Environmental
Monitoring and
Remote Sensing

Climate
Communication
and Engagement

Renewable
Energy Planning
and Optimization

Climate Risk
Assessment

Adaption
Planning and
Early Warning
Systems

On-line Learning
and Education

Provide tools to facilitate the entire
data life cycle of climate change
dataincluding data collection,
storage, integration,analysis,and
visualization in order to facilitate
evidence-based decision-making.

Provide tools to monitor, quantify,
and manage greenhouse gas
emissions. Assistin measuringand
reporting carbon footprints, setting
emission reduction targets,and
monitoring progress.

Provide tools to develop data driven
models to generate simulations
based on developed models that
enableanalysis of past climate
scenarios and the prediction of
future scenarios.

Provide tools to utilize data from
satellite systems and remote sensor
systems to continuously monitor
changesinland use, vegetation,
ocean temperature,and other
environmental variables related to
climate change.

Provide tools to facilitate the
communication of climate change-
related information, awareness
campaigns, and stakeholder
engagement.

Provide tools to assess renewable
energy resources, optimizing
energy systems,and planning for
the deployment of renewable
energy projects.

Provide tools to assess the
vulnerability of communities,
infrastructure,and ecosystems to
climate change impacts.

Aidsin the development of
adaptation strategies and risk
management plans. Early warning
systems are categorized under this
group, including for heatwaves,
fires, storms and floods.

Development of human abilities

and skills,including Massive On-line
Open-access Courses (MOOCS) for
education, trainingand professional
developmentacross the life-course.
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DIGITAL SOLUTIONS FOR THE CLIMATE
CRISIS AND OUR PLANETARY EMERGENCY

Digital software tools have playeda crucial role in visualizing complex
climate dataand communicating the impacts of climate change to
diverse audiences promoting public awareness and support for climate
actions. The Climate Explorer isaweb-based tool by the National
Center for Atmospheric Research (NCAR) (https://climexp.knmi.nl/
start.cgi), Surging Seas is an interactive web tool by Climate Central
(https:/[ss2.climatecentral.org/), NASA’s Worldview (https://
worldview.earthdata.nasa.gov/) and Google’s Earth Engine Apps
suite (https://earthengine.google.com/) are some of the examples
for visualization and communication tools in climate change.

The increasingavailability of large datasets and advancementsin data
analytics techniques, such as machine learning and artificial intelligence,
have revolutionized climate change management. These tools help

TRENDS IN THE EVOLUTION OF DIGITAL SOFTWARE TOOLS FOR CLIMATE CHANGE MANAGEMENT

toanalyse vast amounts of climate data, in order to identify complex
and interacting patterns,and improve predictive models. Some of

the examples foranalytics and machine learning tools includes the
Climate Machine an open-source data analytics platform developed by
the Climate Informatics group at the University of California (https;//
climate-machine.org/), Google Earth Engine (https://earthengine.
google.com/),and ClimateNet developed by the Climate Change Al
(CCAl) community (https://www.climatechange.ai/projects/
climatenet)

The figure below is a representative graphical model of the evolution
of digital software tools in the field of climate change management.
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GLOBAL DIGITAL GOODS FOR CLIMATE CHANGE
MANAGEMENT

This section intends to present currently available open

. access digital tools in the field of climate change management, e
i covering both climate change mitigation and adaptation \

domains. A combination of searches was performed to compile
the following tabular representation of open access digital
tools in climate change management.

Search termsincluded:

Digital solutions health security climate change

Climate change technology health

Climate change health early warning

Climate change health security Digital Platforms/Digital Technology

The search mechanism involved the use of scientific literature
databases, Google search, Google Play Store, Apple App Store, ChatGPT
and Global Observer. The search was world-wide and coveredall

dates up until May 2023. Only Open Access Digital Tools were selected
toensure that they could be provided asaglobal good. Findings are
categorized accordingto the classification described in the table on
categories of digital software tools for climate change management,
with the colour codes related to the enabling features for:

Governance 9
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GLOBAL DIGITAL GOODS FOR CLIMATE CHANGE MANAGEMENT

Category Tool Year | Architecture | FOSS & Geographical
Licensing Coverage
Governance
DataManagementand CEDA Archive 2004 | Web Yes, Open Data Global
Analysi http:/data.ceda.ac.uk/
Climate Explorer 2011 Web Yes, MIT Global
https;//cds.climate.copernicus.eu/
Climate Data Store 2015 Cloud Yes, Open Data Global
https://cds.climate.copernicus.eu/
Carbon Accountingand Greenhouse Gas Protocol 2001 | Web No Global
Emissions Management https://ghgprotocol.org/
CoolClimate Calculator 2008 | Web Yes, Open Data Global
https;//coolclimate.berkeley.edu/calculator
Carbon Footprint Calculator (CFC) 2009 | Web Yes, Open Data Global
https://www.carbonfootprint.com/calculator.aspx
Carbonn Climate Registry 2010 | Web No Global
https://carbonn.org/
Climate Modelingand MIT Integrated Global System Model (IGSM) 1993 | Standalone No Global
Simulation https://globalchange.mit.edu/research/igsm/
Weather Research and Forecasting (WRF) 1999 Standalone Yes, BSD Global
https;//www2.mmm.ucar.edu/wrf/users/
COSMO-CLM 1999 Standalone Yes, GPLv3 Europe
https://www.clm-community.eu/
Climateprediction.net 2003 | Cloud Yes,Open Source | Global
https;/www.climateprediction.net/
Community Earth System Model (CESM) 2010 | Standalone Yes, BSD Global
http://www.cesm.ucar.edu/models/cesm2/
Environmental Monitoring | Land Cover Classification System (LCCS) 1999 | Standalone Yes,Open Source | Global
and Remote Sensing https://www.fao.org/land-water/land/land-governance/
land-resources-planning-toolbox/category/details/
en/c/1018064/
Google Earth Engine 2010 | Cloud No Global
https;//earthengine.google.com/
Collect Earth 2013 Standalone Yes, Apache 2.0 Global
https;//collect.earth/
Global Forest Watch 2014 | Web Yes, Apache 2.0 Global
https://www.globalforestwatch.org/
OpenAQ 2015 Web Yes, MIT Global
https;//openaq.org/
SWAMP (Smart WAter Management Project) 2017 Web NA Europe

http://swamp-project.org/

eReefs 2012 Web NA Australia
https;//www.ereefs.org.au/

Renewable Energy HOMER 1993 Standalone No Global
Planningand Optimization | https;/www.homerenergy.com/
0SeMOSYS 2006 | Standalone Yes, Apache 2.0 Global

https;//www.osemosys.org/
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GLOBAL DIGITAL GOODS FOR CLIMATE CHANGE MANAGEMENT
Category Tool Year | Architecture | FOSS & Licensing | Geographical
Coverage

OpenEl 2009 | Web Yes, MIT Global
https://openei.org/
SWITCH 2011 | Web Yes, Open Source Global
https//switch-model.org/

Climate Risk National Oceanic and Atmospheric Administration 1960 | Standalone \[¢) United States

Assessment and (NOAA) Weather Radio

Adaptation https://www.nws.noaa.gov/nwr/
Pacific Disaster Center (PDC) EMOPS 1996 | Web No Global
https://www.pdc.org/
CEuropean Flood Awareness System (EFAS) 2003 | Web Yes, Open Data Europe
https;//www.efas.eu/
Global Disaster Alert and Coordination System (GDACS) 2004 | Web Yes, Open Data Global
https://www.gdacs.org/
Sahana Disaster Management System 2005 | Web Yes, AGPLv3 Global
https;//sahanafoundation.org/
Integrated Public Alert and Warning System (IPAWS) 2006 | Standalone No United States
https;//www.fema.gov/emergency-managers/
practitioners/integrated-public-alert-warning-system
INVEST 2009 | Standalone Yes, BSD Global
https;//naturalcapitalproject.stanford.edu/software/invest
PAGER 2011 | Web Yes, Open Data Global
https:/earthquake.usgs.gov/data/pager/
AgroClimate 2201 | Web NA United States
http;//agroclimate.org/
En-ROADS 2015 | Web Yes, MIT Global
https;//en-roads.climateinteractive.org/scenario.html
AfricaRiskView 2016 | Web Yes, Open Data Africa
https://www.africariskview.org/
The Extreme Rainfall Detection System (ERDS) Web Yes Global
http;//erds.ithacaweb.org/
Distance Early Warning System for Tsunamis (DEWS) Web Yes Global
http;//dews.gfz-potsdam.de/web/guest.html
SERVIR’s WSN Flash Flood Early Warning System Web Yes Global
https;//servirglobal.net/#servicecatalogue

Advocacy

Climate Climate Interactive 2007 | Web Yes, MIT Global

Communicationand | https;/www.climateinteractive.org/

Engagement
Skeptical Science 2007 | Web Yes, Open Source Global
https//skepticalscience.com/
Climate Central 2008 | Web No Global
https;//www.climatecentral.org/
Climate Feedback 2015 | Web Yes, Open Source Global
https;//climatefeedback.org/
Climate Visuals 2016 | Web Yes, Open Source Global

https;//climatevisuals.org/
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DIGITAL SOLUTIONS FOR THE CLIMATE
CRISIS AND OUR PLANETARY EMERGENCY

Further,some of the widely used mobile apps related to climate change management are presented in the following table:

USEFUL MOBILE APPS FOR CLIMATE CHANGE MANAGEMENT

- .

CarbonTracker | iOS, Android Helps individuals track and reduce their carbon footprint by Not specified
providing carbon emission data for various activities and suggesting
ways to reduce emissions.

Climate Clock iOS, Android Displays real-time data on global greenhouse gas emissions, global | https://climateclock.world/
temperature increase, and remaining carbon budget. It raises
awareness about the urgency of climate action.

JouleBug iOS, Android (i0S, Android): Promotes sustainable habits and behaviors https;//joulebug.com/
through gamification. Users earn points and badges for completing
eco-friendlyactions, such as reducing energy consumption and
recycling. Website:

iNaturalist iOS, Android Enables users to document and share biodiversity observations, https;//www.inaturalist.org/
contributing to citizen science efforts. It helps track the impact of
climate change on species distribution and behavior

Earth-Now i Developed by NASA, it provides real-time satellite data on various Not specified
climate indicators, such as temperature, carbon dioxide, and sea
levelrise

Global Forest iOS, Android Offers interactive maps and data on deforestation, forest fires,and | https:;//www.globalforestwatch.
Watch land use changes worldwide. It allows users to monitor and report org/
forest-relatedissues

Ecosia iOS, Android Asearch engine app that uses its profits to finance tree planting https;//www.ecosia.org/
projects globally. It helps users contribute to reforestation efforts
while conducting web searches.
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EXISTING DIGITAL SOLUTIONS WITH THE POTENTIAL FOR
GLOBAL APPLICATION

Digital technologies offer the world with agreat opportunity for
unearthinginnovative solutions to combat the complex problems
presented by climate change and our planetary emergency. These
solutions could benefitall countries in the world equally by scaling up
both climate change mitigation and adaptation endeavors utilized
globally.

The following case studies depict the utilization of digital solutions at
localand regional levels in managing the climate crisis and illustrates their
potential to be developed as global goods across diverse geographical
regions. All these solutions have utilized multiple digital technologies
suchas Web technology, Mobile technology, loT & Sensors, GIS, Big
Data & Analytics to deliveranintegrated solution orasolution platform
related toaspecific functional domain.

3 Ag,fd(:ﬁn‘tﬂfe ow  Took - Forwmiz-  ENSO
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A smart way to manage

diseases in strawberry

Download and start saving

- App Store = Google Flay

TOOL NAME: AGROCLIMATE

Category: Climate Risk Assessment and Adaptation

Domain: Agriculture

Focus: Climate change adaptation

Country of Origin: USA

Implementation: Florida- USA

Technologies: Web, Mobile, Big Data & Analytics

Management: University of Florida

AgroClimate is an innovative web-resource for decision-support
and learningabout the effects of weather and climate on
agriculture. It provides interactive tools and climate information to
improve resource usage efficiency and to reduce crop production
risks associated with climate variability and change. Its’ modular
platform allows for an easy replication in other geographies and
for content expansion. It provides a variety of tools including
Climate tools (Rainfall, temperature and heat stress monitoring,
climatology, and freeze risk probabilities), Crop disease tools,
Degree days & chill hours calculators, Crop yield and development
tools.

URL: http://agroclimate.org/

ol based methodsand
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TOOL NAME: SWAMP PROJECT

Category: Environmental Monitoring and Remote Sensing

Domain: Water &Irrigation Management

Focus: Climate change adaptation

Country of Origin: Finland

Implementation: Brazil, Italy, Spain

Technologies: Web, |oT, Drones, Big Data & Analytics

Management: VTT Technical Research Centre of Finland Ltd (VTT)

SWAMP - Smart WAter Management Platformis an open, scalable
loT platform fora high precisionirrigation management system,
covering water reservoir management, water distribution
management and water consumption management.

The SWAMP platform provides a mechanism for data acquisition
from heterogeneous sensors, for decision making usinga variety
of different techniques to assist changing system behaviours by
sending commands to actuators.

URL: http://swamp-project.org/

TOOL NAME: DISTANCE EARLY WARNING SYSTEM FOR
TSUNAMIS (DEWS)

Category: Climate Risk Assessment and Adaptation/ Early Warning
System

Domain: Tsunami

Focus: Climate change adaptation

Country of Origin: Indonesia (Partnered with Germany, Thailand,
SriLanka, New Zealand & Japan)

Implementation:Indonesia

Technologies: Sensor networks, Mathematical modeling &
simulations, Web

Management: GFZ German Research Centre for Geosciences/
CeGIT Centre for Geolnformation Technology - Germany

The DEWS is based on the massive sensor networks installed in the
scope of the German Indonesian Tsunami Early Warning System
(GITEWS) started in 2005. This project was created in order to
design and implement an early warning system for the whole
Indian Ocean and the adjacent countries based upon open-access
standards. Itis mainly funded by the EU, with a consortium of 20
partnersincluding publicand private organisations from several EU
member states,and International Cooperation Partner Countries.
It consists of an Open sensor platform, Simulation integration
environmentand acommand and control user interface (CCUI).
URL: http://dews.gfz-potsdam.de/web/guest.html




DIGITAL SOLUTIONS FOR THE CLIMATE
CRISIS AND OUR PLANETARY EMERGENCY

EARLY WARNING SYSTEMS FOR CLIMATE CHANGE protected by early warning systems by 2027. This is being developed
ADAPTATION in partnership with the UN Office for Disaster Risk Reduction, the
International Federation of Red Cross and Red Crescent Societies and
Only half of the world’s countries have an adequate multi-hazard early the International Telecommunications Union. Now with nearly 75% of
warning system. Extreme weather events are 15 times more deadly people owningamobile phone and 95% of the world’s population having
forthose in Africa, South Asia, South and Central Americaand Small access to mobile broadband networks, digital technology can play a
Island States, where most of the one-third of the world’s people, are significant role in extending our global early warning systems to protect
still not covered by early warning systems. To face this challenge, UN populations onevery part of the planet.
Secretary-General has tasked the (WMO) World Meteorological https://public.wmo.int/en/earlywarningsforall

Organization to lead the effort to ensure every person on Earthis

PROPORTION OF REGIONS COVERED BY EARLY WARNING SYSTEMS

14%

B Yes Mo | Mo data

Goingforward, by includingthe functions of health prevention, resilience, preparedness and health protection response and recovery into global early
warning systems provides a cost-effective approach to reducing loss and damage as well as saving lives.
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NATIONAL AND REGIONAL EARLY WARNING SYSTEMS WITH THE POTENTIAL TO BECOME GLOBAL SYSTEMS

Landslide Early Warning Systems (LEWS)
https://link.springer.com/article/10.1007/s11629-019-5586-5
Geographic location:Darjeeling Himalayas

Landslide prediction and field monitoring, including dataacquisition,
transmission and maintenance of the instruments; Analysis and forecasting,
which can be done by using thresholds, expert judgment, forecasting.
Warning system with the dissemination of alert messages alerting for the
impending threat; Response, concerning if people are able to understand
and how they react to the warning.

Famine Early Warning Systems Network
(FEWS NET) - https://fews.net/
Geographic location: Africa & Worldwide

FEWS NET, the Famine Early Warning Systems Network, is aleading
provider of early warning and analysis on acute food insecurity around the
world. FEWS NET reportingincludes:

e Monthly reportsand maps detailing current and projected food
insecurity.

e Alertsonemergingor likely crises.

e Special reports on factors that contribute to or mitigate food insecurity,
including weather and climate, markets and trade, agricultural
production, conflict, livelihoods, nutrition,and humanitarian assistance.

e Access to data, learning,and analysis of the underlying dynamics of
recurrentand chronic food insecurity and poor nutritional outcomes, to
improve early warningand better inform response and program design

Flood Early Warning System
Geographic location: India

Community-Based Flood Early-Warning System, https://cutt.ly/
p4KW6ény Indonesia: Flood Early Warning Device - Disaster Warning
System (DWS), Automatic Weather System (AWS) or weather gauge, and
Automatic Water Level Recorder (AWLR) to measure water levels.
https://www.preventionweb.net/files/72308_
floodearlywarningsystemdevelopment.pdf

Aflood sensorattached to the transmitter detects rising water levels.
When the water reaches a critical level, a signal is wirelessly transmitted to
thereceiver. The flood warning is then disseminated via mobile phone to
concerned agencies and vulnerable communities downstream.

Heat-health warning system (HHWS)
https://doi.org/10.3390/ijerph16152657
Geographic location: Europe Union

The HHWS generally consist of weather forecasts, methods to assess
the weather-health relation, a system of “graded” alerts and the
communication of such alerts. AHHWS uses meteorological forecasts to
initiate acute public health interventions designed to reduce heat stress
impacts on human health during extreme heat conditions.

The HHWS is activated once the temperature or other heat index exceeds
specified thresholds. Most HHWS are developed and maintained by
National Meteorological and Hydrological Services and are connected toa
heat-health action plan

Tsunami warning system (TWS)
https://www.unescap.org/sites/default/files/ESCAP-
SynthesisReport.pdf

Geographic location: Japan & Worldwide

Atsunamiwarning system (TWS) is a network of seismographs, sea-level
gauges, and high-speed communication devices intended to predict and
warn against the approach of a tsunami wave train.

Tsunami Warning Systems (TWSs) started to operate in the Pacific Ocean
in the form of national warning systems (in Japan since 1941,in USA since
1949, in Russia since 1958) and as an international warning center known as
Pacific Tsunami Warning Center located in Hawaii, USA

Typically,a TWS gets signals from seismic stations, makes estimates of
hypocenter location and of magnitude inavery short time,and based on
these seismic data runs atsunami model.

TOOL NAME: SERVIR’s WSN Flash Flood EWS

Category: Climate Risk Assessment and Adaptation/Early Warning
System | Domain: Floods | Focus: Climate change adaptation

| Country of Origin: USA | Implementation: Bangladesh |
Technologies: Web, Mobile, Big Data & Analytics | Management:
SERVIR GLOBAL Project by NASA & USAID

This application uses a wireless sensor network to monitor
streamflow levels and alerts residents of theimminent arrival of
aflash flood. This network uses anintelligent, self-healing, self-
iterating operating strategy that requires little human intervention
after deployment. This offers anintelligent power management at
each network node enabling low-cost, low-power sensor network
maintenance. The integrated flash flood siren system automatically
informs the control room and communities of impending floods.
URL: http://catalogue.servirglobal.net/

TOOL NAME: The Extreme Rainfall Detection System (ERDS)

Category: Climate Risk Assessment and Adaptation/Early Warning
System | Domain: Rainfall/ Weather | Focus: Climate change
adaptation | Country of Origin: Italy | Implementation: Europe

| Technologies: Web, GIS, Big Data & Analytics | Management:
Information Technology for Humanitarian Assistance, Cooperation
and Action (ITHACA)

Developed andimplemented by the non-for-profit organization
ITHACA, ERDS is aservice for monitoringand forecasting of
exceptional rainfall events, with a nearly global geographic coverage.
The ERDS isan open early warning system and platform developed for
the monitoringand forecasting of rainfall events onaglobal scale.

The near real-time rainfall monitoringis based on the Global
Precipitation Measurement (GMP) data, while rainfall forecasts are
provided by the Global Forecast System model. Extreme rainfall
alertsare generated combining assessed rainfall depths and
predefined rainfall thresholds.

The information provided by ERDS is accessible through a WebGIS
application (http://erds.ithacaweb.org) in the form of maps of
rainfall depths and related alerts to provide immediate and intuitive
information also for non-technical users.

URL: https:/fithacaweb.org/research/projects/erds/

TOOL NAME: eReefs

Category: Environmental Monitoringand Remote Sensing |
Domain: Coastal Information Systems | Focus: Climate change
adaptation | Country of Origin: Australia| Implementation:
Australia | Technologies: Optical remote sensors, GIS, Big Data
&Analytics, Visual Modelling & Simulation | Management: S
Commonwealth Scientific and Industrial Research Organisation,
Australia (CSIRO)

The eReefs forms the first step in buildinga comprehensive coastal
information systems for Australia. Using the latest technologies
including remote optical sensing to collate data,and newand
integrated modelling, eReefs will produce powerful visualisation,
communicationand reporting tools.

It consists of Data provider node layer, Data brokering API layer and

adatavisualization portal.
URL: https:/[research.csiro.au/ereefs/

As technology continues to advance, the growth of digital software
toolsin the field of climate change will become exponential. The
potential of future technologies and the future software landscape will
be explored furtherin Chapter 4.




THE FUTURE OF DIGITAL SOLUTIONS TO TRANSFORM
THE CLIMATE CRISIS AND OUR PLANETARY EMERGENCY

We have a long way to go to secure a healthy planet free from the risks of the climate and biodiversity
emergency. Current and emerging technological solutions could be pivotal in our ability to transform our
chances of creating a flourishing planet for the well-being of our future generations. The World Economic
Forum reports that digital solutions are already available to be able to reduce emissions by 20% by 2050
through increased efficiency, circularity and transparency.

https://initiatives.weforum.org/digital-transformation/digital-solutions-explorer

The following describe emerging technologies with examples
of how they could further benefit our ability to address our
planetary emergency. Additionally risks and governance
challenges that need to be addressed are described at the end.

MULTI-DISCIPLINARY DIGITAL SOLUTIONS

Amultidisciplinary design approach seeks to integrate the skillsand
methodology of designers from multiple disciplinesinto a collaborative
effort. Climate change and complex environmental problemsare an
interdisciplinary issue and predicting, analyzingand attempting to

solve it requires multidisciplinary digital solutions and incorporation of
various skillsand know-how.

Amultidisciplinary modelis animportant tool for addressing the
healthissues that emerge from climate change and environmental
sustainability issues. Key pillars of this framework include ecology,
health, data science, engineering, social,and political factors.
Furthermore, applying knowledge from human health to that of the
health of the planet has the potential to identify pivotal solutions for
the climate and environmental crisis that we face and will require a
transdisciplinary response that could be enabled by digital solutions.

BIG DATA

Big data primarily refers to data sets thatare too large or complexto be
dealt with by traditional data-processing application software. Almost
all climate and environmental related data tends to be big data. Big data
science technologies are widely used to study the effects of climate
change on marine biology, land use and restoration, food systems,
patterns of change in vector borne diseases,and other climate-related
issues. Bigdataanalysis challenges include capturing data, data storage,
dataanalysis, search, sharing, transfer, visualization, querying, updating,
information privacy,and datasource.

Big data canalso help to generate early warning systems and risk
mitigation: Sensors help collect data on various variables, such as rain
and soil. Machine learning models can leverage historicaland real time
datafrom such sensorsto provide predictive analysis for disasters, such
as heatwaves, floods,and changes in the natural environment.

Onthe other hand, to deal with big data, we need a highamount of
compute and storage capacity in big data centers, whichitself requires a
lot of energy and generates heat, which can contribute to sustainability
and environmental issues unless they are based upon renewable energy
sources. Co-locating data centers that can utilize the heat generated has
been one solution - for example adjacent to swimming pools.

ARTIFICIAL INTELLIGENCE

Artificial Intelligence (Al), includes the perceiving, synthesizing,and
inferring of information, demonstrated by machines, rather than
humans or animals. As machines become increasingly capable, tasks
considered to require “intelligence” are often removed from the
definition of Aland have becomearoutine technology. Like big data, Al
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systems also raise sustainability concerns linked to the natural resources
they consume such as electricity and water, and the carbon emissions
they produce.

Al'makes big data analytics simpler by automating and enhancing

data preparation, data visualization, predictive modeling,and other
complexanalytical tasks that would otherwise be labor-intensive and
time-consuming. This functionality could be utilized to have afuller
understanding of the multiple and complex risks from climate change,
including from tipping points, in order to create more comprehensive
future climate scenarios.

Alis broadly characterizedinto 3 categories. Artificial narrow
intelligence (ANI), Artificial generalintelligence (AGI) and Artificial
super intelligence (ASI). Artificial narrow intelligence is specific to
single tasks, where the systemis given one task and it does just that. For
example, Artificial Narrow Intelligence runs appliances like self-driving
cars, streaming apps and some healthcare apps. Artificial General
Intelligence, whichis also called Strong Al is currently a theoretical
conceptthat equates to the features of human intelligence, including
self-awareness, problem solving, learning and future planning. Whilst
Super Artificial Intelligence would have the potential to surpass human
intelligence, developing and sharing solutions from multiple disciplines
for complex challenges. Machine Learning has the potential to develop
socialand creativity skills that could also be combined into robotics
which would significantly enhance their functionality.
https://builtin.com/artificial-intelligence

Inthe future, big data combined with artificial intelligence solutions
could be developed to create new and improved solutions for
renewable energy, energy efficiency and carbon capture. Additionally,
opportunities exist to enhance adaptation to climate change with early
warning systems for the Planet’s health, including the potential for early
identification and intervention of tipping points to prevent cascading
climate change.

QUANTUM COMPUTING

Quantum computing isa multidisciplinary field comprising aspects
of computer science, physics,and mathematics that utilizes quantum
mechanics to solve complex problems much faster and easier than on
classical computers. Quantum computing is driving new discoveries
in healthcare, energy, environmental systems, smart materials,and
beyond.

Although quantum computingis still in its early stages, the future seems
bright and promisingand could accelerate discovery and development
of new green computational technologies, sustainable energy
production and storage technologies, as well asimproved strategies for
climate change mitigation. The interaction between nano-technology
and quantum computing will increasingly allow the development of
very small, rapid technological solutions to many of our climate and
planetary challenges



COLLABORATIVE TOOLS AND FUTURE PLATFORMS

Collaborative tools and platforms enhance interaction between
multiple partners around the world that can enhance innovation
and the creation of new solutions to address our global and complex
_ challenges. The lack of collaboration has acted as a barrier to
~ climate adaptation and mitigation, and we are running out of time to
overcome these barriers.

Inaddition to innovative technology collaboration, global, regional and
national governmental collaboration plays a mandatory key role in fighting
againstthe climate crisis. The pandemic has fast-tracked the development
andapplication of digital tools that assist with remote workingand
collaborative interaction of teams, partners and communities from around
theworld.

Digital Platforms have been successfully used as ahub to allow the rapid
exchange of information, goods, or services for communities witha
common interest. Digital Platforms also facilitate collaborative networks,
communication and advocacy through mediaand social media outlets. These
can befurther supported by the creation of extended reality that combines
augmented andvirtual reality communities in artificial collaborative and
work environments. Digital Platforms canalso be utilized to advance on-line
openaccess education, training, workforce and professional development.
Capacity can be further enhanced through the development of robotics and
3-D bio-printers for medical treatments and environmentally sustainable
solutions. Translation tools willallow for ease of communications between
multi-lingual communities.

Inthe future, the further application of emerging technological solutions

will further enhance the ability of platforms to act as collaborative tools
toenable research forinnovative solutions, future foresight and scenario
planning, share emergency alerts, enable systematic, high-quality standards
and strategic responses with scaled up delivery of services. Thisincreased
capacity, functionality and versatility of digital platformsin the future will
provide the potential ability to create global digital health systemsand a
transdisciplinary ‘One Planet Health’ system as global goods. In the future,
applying nature based solutions to the development of digital technology
could be akeyapproach to create healthy humans and a healthy planet forall.
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THE FUTURE OF DIGITAL SOLUTIONS TO TRANSFORM
THE CLIMATE CRISIS AND OUR PLANETARY EMERGENCY

FUTURE RISKS AND GOVERNANCE REQUIREMENTS

Artificial intelligence or Alis now everywhere. Since the launch of ChatGPT
it has been applied to writing essays, poems, scripts of complete movies or
completing exams using artificial intelligence. However, ChatGPT is not the
only Alin our day today lives. In fact, Alis allaround having already existed

in Google Maps, or talking to “Siri” or “Alexa” using predictive text, as well
asface D to unlock technology andthe YouTube algorithm that is making
videos pop up onyour feeds.

However,in March 2023, most prominent tech Minds on Al likes Twitter
CEO Elon Muskand Apple co-founder Steve Wozniak wrote a letter asking
worldleaders to hit pause to stop Al development for sixmonths, stating:
“Powerful Al systems should be developed only once we are confident that
their effects will be positive and their risks will be manageable”.
https://www.theguardian.com/technology/2023/may/24/
openai-leaders-call-regulation-prevent-ai-destroying-
humanity?CMP=Share_iOSApp_Other

Whilst the Centre for Al Safety has released a statement saying “Mitigating
therisk of extinction from Al should be a global priority alongside other
societal scale risks suchas pandemics and nuclear war”. Itis clearly that the
top tech leadersare worried. They do believe Al is going too fast and fast
enoughto have negative impact on society as wellas humanity. The recent
emergence of Al has raised alot of questions including how powerfulis Af?
How canwe controlit? Or can we controlit? Isit ethical? Does it represent
an existential threat for humanity?

Examples of concerns regarding Alinclude:

o Unemployment: with human jobs taken over by Al

e Increase Inequalities: Al isalready controlled by a handful of
companiesandalgorithms tend to exaggerate existing human bias and
inequalities

e Privacy and Human Rights: with facial recognition following
individual activities remotely

e Cybersecurity: Al has enhanced potential for computer hackingand
disrupting systems and essential societaland economicinfrastructure

e Misinformation: Al creates its own information and could destabilise
governmentsand influence election outcomes

e Killer Robots: dronesand robots that are able to kill humans already
existsand could become the future of warfare

e Weaponisation: Al could be utilized to create chemical weapons and
create synthetic viruses with pandemic potential

e Lackof Control:as Aladvancesthereare concernsthat it willbecome
autonomous and humans will no longer be able to control it

Alhasalready been developedinto Lethal Autonomous Weapons
(LAWSs) colloquially known by many in the arms control community as
“Killer Robots”. The UN reported to the Security Council thatin2020an
autonomous armed drone killedahuman for the first time.
https://www.independent.co.uk/tech/drone-fully-automated-
military-kill-b1856815.html

The United Nations wants to ban killer robots but some countries are not
agreeing. The US, wants guidelines but not acomplete ban, ultimately it
means we can’t stop killer robots yet. China has already developed a law
that seeks to regulate Alinall forms. Chinese tech companies willneed to
register their Al products and they will go through a security assessment
first. The European Unionis also working onan Al Act called the European
Al Act whichisthefirstlaw for Al systems in the West. The regulation takes
arisk-basedapproach. It means, if the riskis higher, regulation is stricter.
Thisact could bea precedent for other countries.

However, in order to minimise currentand future risks from emerging
technology, including Artificial General Intelligence and Super Al, which
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might be possible within 10 years,a global governance framework needs to
be developed, of which the following are arange of options that could be
applied:

e Ethical guidelines:for countries, professionalsand the industry to
follow, although these would be voluntary they could help to change
theculture.

e Quality standards: thatinclude either self-regulation or licensing
companies which would have to register and could include
independent monitoringand regulation.

e AGlobal Treaty: which would enhance legal powers but could take 5
years or more for countriestoapprove.

¢ International Safety Protocols: suchasthat usedfor Nuclear
Non-Proliferation with monitoring by an agency equivalent to the
International Atomic Energy Agency.

e A Convention on the Weaponisation of Al: this couldinclude
the application of the Convention on the Prohibition for the use of
Biological or Chemical Weapons; further updates to the convention
couldinclude other forms of Al weaponization.

e Creation of Al as a Global Good: to enhance equityandthe
maximization of benefits,as well as preventing the power of Al
fallinginto the hands of dictators; this would ideally requireaglobal
governance infrastructure toapply ethicaland safety standardsand to
facilitate the creation of benefits as global goods.

¢ Inbuilt safety designs:the intrinsic design of Aland emerging
technologies toincorporate ano-harmto humans function, with the
abilty of humans to over-ride controls of Al.

e Transparency of functioning: to allow the ability to monitor
the design of Al,including decision making processes to avoid the
generation of misinformation and disinformation.

¢ Surveillance and monitoring: of risks from criminaland terrorist
groups as well as non-intentional applications that could be harmful to
humans.

Withthe recent application of Alin the identification of new medicines

to tackle Anti-Microbial Resistance and to enable a paralysed personto
use thoughts to walk again, has already demonstrated the huge potential
of emergingtechnology. If Digital solutions are orientated for the

benefit of humanity, they could be utilized to identify strategic solutions
andinterventions for many of our complex challenges including our
Planetary Emergency. Ultimately, this will depend upon humans takinga
collaborative and proactive approach toavert risks, safeguard our future
generationsandtoactively create the sort of world that we want to live in.

A GOVERNANCE FRAMEWORK FOR ARTIFICIAL INTELLIGENCE

Governance







TOWARDS A GLOBAL INDEX

FOR THE VITAL DETERMINANTS OF LIFE

GOAL

To develop an Index for the Vital Determinants of Life on Earth

to allow a strategic emergency response that stabalises essential
life systems in order to create a healthy and liveable Planet for the
well-being of our future generations.

AIM

e Toprovideacomprehensive range of the key determinants essential for
life to ensure a healthy biosphere and to safeguard longer-term human
existence;

e Tomonitor the vital determinants of life to enable strategic identification
of risks, guide interventions and progress towards the creation and
recovery of a healthy planet for all.

RATIONALE

The warming of the life system of our Planet Earth is reachinga critical
stage of multiple tipping points that could rapidly accelerate further
warming to levels that are not habitable for human civilisation to continue
into the next century. Identifying indicators for the vital determinants of
life that are essential for a healthy biosphere for human existence has the
potential to transform how we respond to this escalating emergency. The
interaction of these indicators as part of acomplexadaptive system that

includes the essential life functions could be summarised in the form of an
Index that provides an overview of the critical state of the Planet’s Health.
Furthermore, the creation of a Global Index for the Vital Determinants of
Life, could allow the development of acomprehensive Global Emergency
Treatment Plan with alonger-term recovery strategy.

THE ABC OF SURVIVAL AND THE GOLDEN HOUR

With signs of climate system tipping points already occurringand with only
five years before we are likely to reach 1.5 degrees Cincrease in average
globaltemperatures, we have entered the era of the Earths’ ‘Golden Years’
equivalent to the emergency ‘Golden Hour’ where it is still possible to
resuscitate a critically ill person. To secure the survival of future generations,
we need to generate an emergency response to stabilize the Earths” health
system.Inan emergency in animals, vital life signs are determined by the
ABC of Airways, Breathing, and Circulation - equivalent to Earth’s Airand
Water systems. Inintensive care, the functions of the major organs need to
be maintained and sustained to prevent multi-system failure. In the analogy,
this equates to Food, while Land represents the skin and muscular-skeletal
structures, with the final stages of systemic shock observed just before
death. Air, Water, Food,and Land (oraplace to live) can be seenas the
essential determinants common for all life forms. Without them, we cannot
exist. The below table outlines these vital determinants, along with potential
indicators to consider for the development of an overarching Index.

ESSENTIAL LIFE FUNCTIONS AND THE VITAL DETERMINANTS OF LIFE

Intelligence
Communications

Reproductive
Diversity

Homeostasis

Kinetic
Transfer

Toxic
Clearance

Protection
& Immunity
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POTENTIAL INDICATORS TO MONITOR THE VITAL DETERMINANTS OF LIFE ON EARTH

Vital Deteriminants Potential Indicators
Temperature: 1.1 degrees C increase since 1880 Average Surface Temperature
(]

Global Greenhouse Emissions

Indicators: Carbon Dioxide - 420ppm and other warming gases

Energy: rapid investment and scaling up of renewable energy.

Transport: Major transition of transport systems based upon renewable energy
and active transport (walkingand cycling)

Clean Air: Carbon sequestration to rapidly reduce carbon emissions

Indicators: ocean acidity; ocean warming; loss of ice sheets; sea level rise
Oceans: Enhance the Oceans’ health by recovering planetary homeostasis
(temperature, acidity, toxins and plastics)

Land Water: Advance nature-based solutions including maintaining and

Atmospheric Concentrations of Greenhouse
Emissions

limate Forcing

Air Pollution indicators

Ocean Heat

Sea Surface Temperature
Ocean Acidity

SealLevel

increasing swamps, peat bogs, flood-planes and aquifers

Indicators: energy intensity of food systems; environmental toxins
Anabolic: scale up sustainable ‘Healthy Planetary Food Systems’ that enables a

nutritious and healthy planet

Catabolic: reduce excess consumption and food waste, improve storage, clean

cooking, recycle waste and refrigeration

Ocean Current Patterns
Coastal Flooding

Marsh Lands

Water Safety and Security

Food Security Index

Soil Quality Index

Biodiversity indicators eg Pollinators
Food Energy Indicators

Toxins across the Food System

Toxins: reduce environmental toxins and restore contaminated environments

Indicators: desertification; forestation; soil quality and acidity
Environment: restore diverse habitats with nature-based solutions; reverse

desertification and enhance reforestation
Earth: enhance soil health and carbon uptake

Albedo: design environments to maximise reflection and aid cooling with white

surfaces

PROPOSED NEXT STEPS

o Validate the Critical Determinants of Life:includingthe

essential life processes and functions, through the rapid application
of existing knowledge, research and expertise on life, health, medical
and earth sciences.

Identify Indicators for the Determinants of Life: with indicators
on safe baseline measurements and upper thresholds, for the health
of the biosphere that allows stable living conditions and a rich
biodiversity for human existence.

Create a Global Index for the Vital Determinants of Life:
including the relative balance of priorities and weighting of
indicators, with systems analysis to identify critical indicators that
canactas catalytic interventions that act as enzymes to rebalance
the Earth’s Life Systems. Relevant Community, Country and Regional
Level Indicators identified and incorporated into monitoring
systems.

Land Loss
Desertification
Forestation
Acidity

Albedo
Seismic events

Develop into a Global Strategic Response and Recovery Plan:
identify effective and collaborative interventions requiringan emergency
treatment response, with medium and longer-termactions; utilise the
index to evaluate and monitor progress and to alter interventions as
required.

Create a Digital Platform to enable Collaborative Action: with
afocus onapplying digital solutions to prevent existential threats and
risks for humanity, including the planetary emergency, pandemics and
emerging technology. Collating existing openaccess digital tools onthe
platform enables gap analysis to create digital solutions as global goods,
that can enhancea culture of collaboration and peace.

Digital Solutions to Enhance Global Governance: utilize digital
tools to enable monitoring of indicators, compilation of the Index,
linked with effective interventions, risk identification, scenario planning,
multi-system policy decisions and governance mechanisms. This
requires linkage of existing organisations witha modern Global Security
architecture that can coordinate preventive efforts and ensure rapid
responses to global threats.

OUR FUTURE: A SMART, WISE, GREEN AND HEALTHY PLANET FOR ALL

Shaping the
Convergegnce
of the Digital
Revolution
with the Green
Transition

18" Century

IR1: Industrial

Steam Electricity

Creating
Viridescent Whole
World Wisdom
(WWW-2)

The 4 Industrial Revolutions (IR) and the Potential Direction of the 5 Era

19* Century

IR2: Capitalism  IR3: Technology

Fossil Fuel E

1970s 2000 2020 2030

IR4: Digital IRS: WWW-2

Rabaots Internet WWW-1 A Quantum
Computers Mobiles; Data Leap toa
Smart {Al],
Wise (Human),
Green and

Healthy Era

Renewable Energy
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RECOMMENDATIONS o RS S
TO SECURE A HEALTHY PLANET FOR ALL - 1 g

The below recommendations build upon the contents of this report, as well as the experience of having . .
established and developed the Digital Platform for Planet Place and People (P4PPP) as a globalgood for.
health by the Commonwealth Centre for Digital Health.

These initiatives are also contributing to collaborative efforts advanced by the InterAction Council (IAC),a group of
former heads of government which has convenedaseries of High-Level Expert Group Meetings to create reports
summarizing policy solutions for Global Health Security including the Climate Crisis and the Planetary Emergency.

RECOMMENDATIONS TO ADVANCE WITH PARTNERS

01 02 03 1

GOVERNANCE RISKS SOLUTIONS

for Existential Threats and Risks Utilise Al to identify Climate Change Apply Al to address our Planetary
byincorporating risk and foresight Tipping points Emergency : ;
methodologies for existential threats toreflect the multiple and complex thatassist in identifying interventionsand

to humanity into future planningand interactions of climate tipping pointsand strategic solutions with scenario planning

strategy development, including reducing toassist with identifying key risks and for rapid progress to achieve net zeroand

the negative impacts from emerging threshold points for scenario planning negative emissions sequestration, based
technologies suchas Al, through global andscaling of interventions to preventa uponasustainable renewable energy p
standards and governance frameworks. cascading Climate Crisis. transition;align digital policies to have a 5 W

rolein solving our Planetary Emergency.

# &
04 05 06 - . . .
INDEX SYSTEMS SERVICES .
Develop a Global Index for the Vital Create a One Planet Health System Develop a Digital Planetary Health -,
Determinants of Life enabled through digital technology, with Service as a Global Good A
that provide acomprehensive range of trans-disciplinary operations building linked tothe Sustainable Development =~ * .
the key determinants essential for life uponthe core functions of protection, Goals, Global Health Security and the | ]
toensureahealthy biosphere and to prevention,and the promotion of well- Right to Life and Health; with every citizen - = 5 3
safeguard longer-term human existence; beingthat are enabled by governance, entitled toa Global Health Number that o o
monitoring determinants of life will enable knowledge, advocacy and capacity, allows access to free digital health toolsas | * S ;.‘l
strategic identification of risks, guide inorder to deliver the essential acommon good. {
interventions and progress towards the determinants of life for the environment, : . 4 a1
creation and recovery of a healthy planet animalsand humans. = Pt
forall. i . s ulme ,

07 08 _ : Bl

PLATFORM CAPACITY ' %

Create a Digital Futures One Planet Scale up a Workforce for the Future

Health Platform with skills for resilience, riskand R . .
to enable the development and delivery foresight, planningand preparedness, .

of amulti-disciplinary One Planet Health and innovative solutionsfor the Climate i .
Systemand related Services,and to Crisisand Planetary Emergency; enabled

enable the scaling up of collaborative through digital technology to provide X k. ;
responses that provide open access digital educational resources across the life- . »

solutions foravirtual digital Planetary course, including Massive On-Line Open

Health Service as a global good. Access Courses, leadership, professional

and workforce training.
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