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An existential threat?
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“We face a direct existential
threat...Qur fate is in our

hands.™ Antonio Guterres
(UN Secretary-General).
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https://www.un.org/sg/en/content/sg/statement/2018-09-10/secretary-generals-remarks-climate-change-delivered
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*Biodiversity Loss
*Sea level rise
*Desertification
‘Wildfires

*\Water shortage
*Crop failure
*Extreme weather
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The Global Risks Landscape 2019
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Climate Change - ¢ U=

A triple threat for the ocean
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Burning fossil fuels, deforestation
and industrial agriculture release
carbon dioxide (C0,) and other
heat-trapping gases into our
atmosphere, causing our planet to
warm. The ocean has buffered us
from the worst impacts of climate
change by absorbing more than 90
percent of this excess heat and
about 25 percent of the CO,, but at
the cost of causing significant harm
to marine ecosystems.

MORE
ACIDIC

SEA LEVEL

Sea level rise is
accelerating, flooding
coastal communities
and drowning
wetland habitats.

BLEACHING

Warm-water coral reefs
(marine biodiversity
hotspots) could be lost if
the planet warms by
2°C (3.6°F).

TOXIC ALGAE

Larger and more frequent
blooms are making fish,
birds, marine mammals
and people sick.

HABITATS

Lower oxygen levels
are suffocating some
marine animals and
shrinking their habitats.

ACIDIFICATION

More acidic water
harms animals that build
shells, such as corals,
clams, and oysters.

FISHERIES

Disruptions in fisheries
affect the marine food
web, local livelihoods, and
global food security.

V Munterey Bay Aquanium
Research Institute

Source: lP-.CQ 2019: Special Report on the Ocean and Cryosphere in a Changing Climate (SROCC)



Projected Marine Heat Waves
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Under the RCP4.5 scenario about 50% of the ocean is in a
permanent MHW state by 2100 (brown line), while >90% is in a
permanent MHW state under the RCP8.5 scenario by the end of the
century (red line).
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“The Boiling Frog story is often used
as a metaphor for the inability of
people to react to significant changes
that occur gradually or to events
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which have become commonplace.” {f
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Tipping Points

Compared to past changes
In a physical, bio-ecological

and/or human system, a
tipping point’ is when:
« The change is abrupt .

* The ablility of the system
to return to its original
state is unlikely

 The system is now in a |
new state : Credit: Julia Whitty
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Climate tipping points —
toorisky to bet against

Timothy M. Lenton, Johan Rockstrém, Owen Gaffney, Stefan Rahmstorf,
Katherine Richardson, Will Steffen & Hans Joachim Schellnhuber

The growing threz brupt
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Greenland ice sheet 8 Za -
Ice loss accelerating BRI A :
: —/ / Arctic seaice

Reduction in area

Permafrost

Boreal forest Thawing

Fires and pests
changing @)\ Atlantic circulation
In slowdown since 1950s
Amazon rainforest i L
Frequent droughts

A | Coral reefs
. \-J} Large-scale die-offs

Tipping points
= Connectivity

RAISING THE ALARM

Evidence that tipping points / Wilkes Basin,

are under way has mounted East Antarctica

in the past decade. Domino s Ice loss accelerating
effects have also been =

proposed. West Antarctic ice sheet

Ice loss accelerating

SOURCE:T.M. LENTON ET AL.
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Arctic summer ice area . a good indicator
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2 = DATA: National Snow & lce Data Center, Boulder CO (Sea Ice Index v3; 1979-2019")

SOURCE: ftp://sidads.colorado.edu/DATASETS/NOAA/GO2135/

GRAPHIC: Zachary Labe (@ZLabe)
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PIOMAS Yearly Minimum Arctic Ice Volume

With extrapolations based on gompertz regression
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Gompertz curve Limits of 95% Confidence Interval

Data: PIOMAS (Zhang and Rothrock 2003)
Prepared by Wipneus (https://sites.google.com/site/arctischepinguin/home/piomas) 2018409-04
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Arctic ice yielding to open water, albedo
(reflectivity) drops from 0.6 to 0.1

Albedo loss from summer ice has the same
warming effect as past 25 years of CO,
emissions.

Arctic Ocean is shallow, surface warming
extends to seabed, melts permafrost,
triggers release of methane.

Methane is 20-80 times more potent a
GHG as CO,

Greenland ice sheet holds 2million km3 of
ice.
If it melts — sea-level rise of 7.2m

An ice-free Arctic alters jet stream patterns
and ocean circulations — changes in
climate
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Does the Melting of Sea Ice have other Effects, such as

Impacts on Oceanic Circulation?

X
O
€
h/"’m ShalloW v

Cold and Salty Deep Current
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Could it change this

Denmark
Strait

Temperature (deg C)
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Into This?
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Arctic sea ice
Reduction in area

Permafrost
Thawing

Boreal forest
Fires and pests
changing

Atlantic circulation
In slowdown since 1950s

Amazon rainforest
Frequent droughts

Coral reefs
Large-scale die-offs

Wilkes Basin,
East Antarctica
Ice loss accelerating

West Antarctic ice sheet
Ice loss accelerating
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CO, mitigation curves: 1.5°C Steep enough mitigation
now probably impossible
Constant emissions
for nine years will Large-scale geoengineering
use up the remaining for solar radiation
G management or negative
emissions required

But the SCALE required is

Starting mitigation in 2019
g g huge

will require monumental
mitigation rates

" : Starting mitigation
For a >66% chance \ in 2000 would have
| of “,mq l:refi(:»‘.jw»," 1.8%C; required a mitigation
Remaining budget: t'.%;‘ rate of about 4%/yr

420 GtCO..
Mitigation curves after

Raupach et al. 2014.

1980 2000 2020 | 2060 2080 2100
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BP Energy Outlook: 2019 edition
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MARINE GEOENGINEERING

Dozens of approaches have been proposed

to store carbon dioxide in or below the

oceans, or to alter seas to cool the planet.

No method has been rigorously tested CLQUD SEE,D'NG

scientifically. ShIpS spraying seawater
might help to form

FOAMS reflective clouds

Films or foams on

the surface could

reflect sunlight

ALKALINIZATION

Chalk-like powder
could absorb CO, IRON FERTILIZATION

chemically Dissolved iron might encourage
phytoplankton growth

CARBON STORAGE
CO, drawn from the air could
| be locked under the sea bed
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Eruption of Mt Pinatubo, 1991
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GEOENGINEERING PROPOSALS ey
SRM SRM Increased reflectivity

from aerosols pumped
Increased reflectivity Thinning high clouds into atmosphere

(clouds act as a blanket, retaining heat)

| . Increased
ncrease reflectivity
SRM reflectivity SRM‘from deserts

of crops (us

SRM

Increased reflectivity from the oceans
(microbubbles increase reflectivity)

Credit: University of Leeds

Geoengineering:
Solar Radiation Management

Coastal Futures 2020



SPICE: aerosol delivery system for 2°C cooling
Stratospheric Particle Injection for Climate Engineering

Tethered balloons — height 20km
maybe 10 balloons worldwide each delivering 30kg/s of aerosol
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Historical

pH (total scale)

RCP8.5

1950 2000 2050 2100
Year

Source: Gattuso et al. 2014
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GEOENGINEERING PROPOSALS

Implicit in Paris
== COP21 Agreement

Biomass energy with

Credit: University of Leeds

Geoengineering:
Bio-Energy with Carbon Capture and Storage

Coastal Futures 2020



GEOENGINEERING PROPOSALS

CDR

Afforestation

|,:‘!.-’1::hnf.; vast forests)

o, QTIIT‘Z. i

Biochar
(carbon-rich charcoal from
bumt crops added to'soil) C D R

Credit; University of Leeds

Geoengineering:
CDR = Carbon Dioxide Removal
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WEF Security Outlook 2030 - Three Scenarios

Walled cities Strong regions War and peace
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World of WaIIs

In 1989 after the fall of the Berlin Wall there were only 15 border walls around the world
Today there are 70
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Walled cities

Fiscal challenges and political dysfunction erode state provision of public services
Inequalities widen and middle classes are hollowed out
Elite retreat to gated communities and turn to private sector for basic services

Society becomes increasingly polarised between elites and impoverished class with little
social mobility

Rootless and disillusioned young people become anti-system and vulnerable to
radicalisation

States lose ability to cohere people around a shared narrative or identity
Insurgencies, terrorist groups and criminal organisations exploit the security deficit
The world divides into islands of order in a sea of disorder

As large numbers of people are displaced by climate change and social violence, still-
functioning states seek to protect themselves
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Theinternational journal of science /2 January 2020

nature

Get the Sustainable
Development Goals
backon track

Most of the goals will be missed. Here’s how to
put them back on the right path.

n 2015, world leaders met in New York at a landmark
{ » of the United Nations. Theiraim: toend
stop environmental destruction and boost

ing. In the world of m

tings are notunc

lateral diplomacy

mmon, but they tend to
ividual areas, such as climate change or food

I'he 2015 summ s different because hes

d concrete actionacross

ironmental and social
ible Devel

als and associat

wernments pled;

anintegrated ofe
issues. They signed up ment
itargets

rending hunger, elimina:
inequality, tackling climate change and halting the los:
biodiversity and ecosys Ihy 2030,

With that deadline now a decade av
10 miss most of the SDX(

,the world isset

preventable deaths among ne
and getting childrenin’ T
achieved.
reme poverty will ne
n people are expected st
suchcondi
Targetsto nger and (o protec
rsity are completely off rack. Whereas some of the
ercountries are ms zadegree of progressinthe
SDGs overall, two-thirds of poorer ones are not exy
et those that re their most t
The SDGs are extrremely valuable
101t a time to see real progress t
fi . which must happen if the goals 2
4 the SDGshave hada
ble positive impact — including in researchand
ication. Institutions globally are si Zupto
ting the SDGs, and staff and students are taking
onresponsibilities, from eliminating sir

e even

tatthe same tim

too, provi
tunities in the fields of the environment, eng
1l th policy, development economics and be
ut these hright spots cannot mask what is still a ble
trend. The UN secretary-general, Antonio Guterres, pu
the halting progress downto alack of fundir pecially
from the governments of developed countries, The goals
come with a price rof between LISSS trillic nd$ il
dthe tfall hasbeenputat $2.5trillion

But e'salargerobstacle.

lion per year

I alsare stillavoluntary

dd

Timeis
short, and
there'salot
todowhena
decadeisall
we have.

efforr, although monitoring of progress |s extensive. A
UN-affiliated organization called theS
ment Solutions

tainable Develoy
reportth

2 onthe SDGs, and

74ofthisissue, re 1the United States

and China describe how progress can be more accurately

twork proc

shows how well countries are performi

onp: ersfr
recorded (Z, Xu et al. Nature 577,74
page 8). But it's not comp

8:2020) (see also
ilsory for countries toreport
how they
d, the SDGs need to bece mandatory
butin the sense th
buttomak
them happen. One analo; s the way in which countries
nomic data, There's no international law
country must report data,
sumer spending, th intocalculating ftsgr
product (GDP), But for more than ars, these data have
been collected at a granular level and are now reported
every quarter by national statistics offices, Every agency
of government understands thatanati “ONOMy must
ento be growing. an e dataun
the GDP must alsoalwaysbeincreasing. That'swhy
amassive national effort tomake sure that ever

always bes

me works
1 be called the ‘GDP goals
unlikely tobe achieved unless they, too, sit
similar national eff¢
At the same time

towards what cou SDGsare

ttheapexofa

is often pointed out - som
inability efforts suc
SDGs. Tak sil-fuel energy. They
provide much-need for comm ies lackir
asicneeds and contribute positively toeconomic growth
Jut they also have a negative impact on the environmer
nd on human health, Yetit's only the positive economic
impact that counts in official dat nd that is one
reason - althoughr whyit's proving
sodifficult to shift power to renewable-energy platforms
One solutic htbetofactor the costof de
environment into nationalaccounting
asyetlitt

e only one, by far

consensus on how thiswould be done.

Tighter focus
One research-led effort where there is more consensus
is the Global Sustainable Development Report (GSDR)
Due 1o be published every four years, itis commission
e UN secretary-general and written b

15 authors nominated by UN member
independently withthe wid
reportwas published last Sep!
authors for the second one, due in 2023, later thi

I'he first report’s authors are aware that the SD
mandatory reporting mechanism, and thatinsome cases
with GDP goals, And they hav
ininnovative selution, They recommend that

a team of

the goals are con
comeupw
nations consider redistributing the 17 SI

points’ Thesear

35 into 6 ‘enl

umanwell-being (including eliminatin
poverty and improving health and education); sustainable
economies (including reducing inequali

»sstofood

d nutrition; access to -~ and decarbonizing - energy:

urbandevelc and the global commons (combining
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