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ARCTIC AMPLIFICATION

Annual - Surface Temperature Anomalies (°C)

ARCTIC: 67-90°N
GLOBAL: 90°S-90°N
BASELINE: 1951-1980
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DATA: NOAA/ESRL Physical Sciences Division (NASA/GISS GISTEMPv4)
SOURCE: https://www.esrl.noaa.gov/psd/cgi-bin/data/testdap/timeseries.pl GRAPHIC: Zachary Labe (@ZLabe)
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Ed Hawkins: Climate spirals
https://www.climate-lab-
book.ac.uk/spirals/
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Land Temperature Anomaly Distribution
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NASA's Scientific Visualization Studio
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EEERREEL2EHERL.5°C

Global temperatures reached 1.5C above pre-industrial levels for
a12th consecutive month in June
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Monthly global surface temperature increase above pre-industrial level, C ®

+2.0C '
Jun Jul o= AlEA:

BERYR 1?
+1.0
All years 1940 to present
+0.5
0
Pr]e—industrial baseline, 1850-1900
-0.5

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Guardian graphic. Source: Copernicus, ERAS5, C3S/ECMWF
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424.83 ppm (July 31, 2024)
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Figure 1. Model representation of a watershed.



Earth System Model (MiEkZRFIET)
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CO, concentration (ppm)
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Shared Socioeconomic Pathways (SSP)
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> HFHQE%;E%E& ’ *mﬂﬁtﬂlﬁi I Sixth Assessment Report
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¢) The extent to which current and future generations will experience a
hotter and different world depends on choices now and in the near-term
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HOUSTON

WARMING OVER A LIFETIME

7° IF CARBON POLLUTION CONTINUES
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https://www.climatecentral.org/climate-matters/warming-across-generations?utm_medium=email&utm_campaign=Development%20-
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RO AEEEERNIR B — R E?
Every Fraction of a Degree Matters!

CORAL REEFS

EVERY FRACTION OF
A DEGREE MATTERS

https://www.un.org/en/climatechange/science/climate-issues/ocean-impacts?fbclid=IwAR32-
DxNdGE5qoMrHgns1Quloixcr5dhYOwy5 gjtG97TGXU2SwxEUiwGUS8



https://www.un.org/en/climatechange/science/climate-issues/ocean-impacts?fbclid=IwAR32-DxNdGE5qoMrHqns1Qu1oixcr5dhYOwy5_gjtG97TGXU2SwxEUiwGU8
https://www.un.org/en/climatechange/science/climate-issues/ocean-impacts?fbclid=IwAR32-DxNdGE5qoMrHqns1Qu1oixcr5dhYOwy5_gjtG97TGXU2SwxEUiwGU8
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Conférence sur les Changements Climatiques 2015
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Trends in Atmospheric CO, vs Global Temperature Change
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James Hansen presenting early ev:dence of global warmzng to the US Congress
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GROWTH OF ATMOSPHERIC CO2 AND AVERAGE. GLOBAL
TEMPERATURE INCREASE AS A FUNCTION OF TIME
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Global COz-equivalent emissions (GtCO-e /yr)

B Gross CO2 emissions

B Gross COzremoval
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Net total GHG emissions

gn{aliRk HE 7 BE PR il F+im < 2°C

1 Non-COz emissions (CHas, N20 and flourinated gases in GWP-100)

(Emission Gap Report 2021)

Net-zero CO2 emissions
achieved when residual CO2
emissions are balanced by an
equal amount of COz removal

Net-zero GHG emissions
achieved when residual CO2
and other GHG emissions are
balanced by an equivalent
amount of CO2 removal

Net-negative GHG emissions
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Several carbon dioxide removal options have been proposed:
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Afforestation and
Reforetation

Tree growth takes up
LA from the
atmosphere,

A

Biochar

Parthy burnt biomass
is added to soils
absorbing additional
L0

TIEM " YK .
kU CO2

Bicenergy with
carbon capture and
storage

Plants turn CO; into
biamass that fuel
power plants, CO;
captured and storad
underground.

EHAE

WEHT

Enhanced
weathering
Crushed minerals
are applied to soal
for chermical CO,
absorbtion,

g2
TIEIRUT
CO2

IRk ER - wRTEBC B HE(CO2)FEhE

Ocean

fertilization

rom or other
nutrients are applied
to the ooean
increasing C0;
absorption.

B AL
kUZCO2

Direct Air Capture
CO, is removed
from ambient air
through chemical
Processes ands
stored underground,
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Green hydrogen
y—J
(0

Green
electricity —

Grey hydrogen . Blue hydrogen
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%= BEE
Natural Natural
gas Hydrogen gas Hydrogen
Underground éo. B
storage e
Biomass energy Wind energy sl

Deuterium—tritium fusion process *2"( Eﬂéﬁé '%E

Deuterium m

Solar energy THOME) a

Hydrogen isotopes, in the form of The isotopes are heated to extreme
Tidal energy gaseous fuel, are injected into the core temperatures—on the order of

of a fusion machine’ 50 million degrees Celsius—and kept

: o stable under intense pressure long
( + l& IE Fin b) enough to allow the nuclei to fuse

Fusion reaction

Geothermal energy

Water i.”"lll Hydrogen

% Helium

Afusion power plant converts the
energy—which is originally in the form
of fast-moving helium and neutrons—
into electricity that goes into the grid
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Slipping Away BETHRERSE -1.5° C FEHIKIERE
Cuts required to limit heating to 1.5C, if CO2 started falling in the year...
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UN (GHG) Emission Gap Report Broken Record !
(Bt S B HE = R 3R ) Temperatures hit new highes,

—> Sluggish progress yet world fails to cut emissions (again)
in cutting emission

UN®&

environment

A world of climate promises ;i ke dne
not yet delivered The Closing Window
Climate crisis calls for rapid transformation Temperatures hit new highs, yet world
of societies fails to cut emissions (again)

2021 2023

2022

g
UN® 5@ | {inepbTu Emissions Gap .
Srogramme | 192z PARTNERSHIP Re po rt Emissions Gap Report 2022

Emissions Gap Report 2023
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Remaining g
Blue area shows pathways . gap to stay =
limiting global temperature . within2°c [ "
increase to below 2°C with * limit {g 8
about 66% chance Q
Median estimate of level consistent =
with 2°C: (range: 37-46) g
B
o
B | target < 2°C  E
Green area shows pathways
limiting global temperature
a 50% chance by 2100 and Median estimate of level consistent
minimum 33% likelihood over with 1.5°C: 33 GICOe (range: 26—34)
the course of the century
. 15°C target < 1.5°C
% _range
UN Emission Gap Report 2023
I I I I
2015 2020 2025 2030 2035

Huge emission gap
by 2030

Need to cut emission
dramatically

28% for 2°C,

42% for 1.5°C

by 2030

Update (WCRP, Dec. 5 2023) -

» 1.1% CO2 emission
increases in 2023 from
2022

» 1.52C warming likely to
occur in about 7 years



Peak warming throughout the 21st century

There is 66% chance that warming will be 2.5°C - 2.9 ° C according to
current National Determined Commitment (NDC).

Peak warming throughout the twenty-first century (*C)

Current policies continuing 2.7°C (range: 1.8-3.5) | 3.0°C (range: 19-3.8) | 3.5°C (range: 2.3-4.5)
Unconditional NDCs continuing 2.6°C (range: 1.8-3.4) | 2.9°C (range: 2.0-3.7) | 3.4°C (range: 2.3-4 4)
Conditional NDCs continuing 2.3°C (range: 1.7-3.3) | 2.5°C (range: 1.9-3.6) | 3.0°C (range: 2.2-4.2)

Unconditional NDCs and net-zero pledges
using strict criteria

2.5°C (range: 1.8-3.2) | 2.7°C(range: 1.9-3.5) | 3.2°C (range: 2.3-4.1)

Conditional NDCs and all net-zero pledges

(most optimistic case) 1.8°C (range: 1.6—-2.3) | 2.0°C (range: 1.8-2.5) | 2.4°C (range: 2.0-3.0)

P30-34, Emission Gap Report 2023



What is the chance that limiting warming to 1.5°C,
if all net-zero pledges are met?

The best case scenario

This is the world's chance of keeping warming below 1.5C even
in the npstoptimisiic scenario where al net-ze pledges are
met, according to the UN's environment program



“To adapt or die” (The Economist, 2023/12/01)
Climate change could no longer be minimised,
let alone averted. It was locked in. All anyone
and any country could do was to adapt and
prepare as best they could.
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IPCC ARb6 E$ﬁ|=| (2023.3.20)  Urgent climate action can secure a

liveable future for al
ZaRETEaERMPFERAEERAERR
FAfEgE: =8 -~ = EPkEL

. 4y AR EY S E .
= Sixth Assessment Report B = Bl B EE e o _
B e » Humanity is on thin ice (38/K)- and that ice is melting

fast.
» IPCC report is a how-to guide to defuse the climate time-
Sixth Assessment Report N bomb(fEﬂ,H%‘X’E gE)'
SYNTHESIS REPORT | > But it will take a quantum leap(= F#k#)in climate
i action.

The IPCC report is a how-to - > ourworld needs climate action on all fronts --

guide to defuse the climate everything, everywhere, all at once (5 i * @7 -

time-bomb al :

B NTCIC irEpaee ~ » We have never been better equipped to solve the

#IPCC sttt A g climate challenge — but we must move into warp speed

climate action (BHZE1T&l]) now.

#ClimateReport
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MREZER2050FZTHEHE - GBEFMHENR10.3JKETEFERE(5.2%ZEIXGDP)

(OXfO rd Econo miCS, https://www.oxfordeconomics.com/resource/the-value-of-the-green-opportunity/

-]

A NEW UNDERSTANDING OF THE GREEN ECONOMY
SIZE OF THE GLOBAL ECONOMY
GVA FROM GREEN MARKETS UNDER NZE2050 SCENARIO

&

B Direct Impact
M Indirect Impact

2020 2050
@ GREEN FINANCE $21B $152B
BIOFUELS $888 $326B
HYDROGEN $3B $806B
i CLEAN ENERGY MANUFACTURING $1708 $3408
EE RENEWABLE POWER GENERATION $901B $5,331B
as ELECTRIC VEHICLES $118B $3,349B

USD, billions, 2020 prices
Source: Oxford Economics, IEA, Arup
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114100

a global corporate leadership initiative bringing
together influential businesses committed to
100% renewable electricity

433 RE100 companies have made a

commitment to go '100% renewable’.
(2024/09/03)
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Sketch of possible infrastructure for a sustainable supply of power to Europe, the
Middle East and North Africa (EU-MENA) (Source: DESERTEC Foundation,
www.desertec.org)



SunCable Project: Embrace the Sun. Power the Future.

BRI K5 i ) AR 2R

...to harness Australia’s incredible ' » SE N 3% 5
r(.er)ewab.le energy potent.|al to power L s (R | %5 AR
cities, drive new economies, and support _

communities throughout the Asia Pacific |
region. -

Regional energy export: developing the
infrastructure for electricity transmission
across the Asia Pacific region via overland
and undersea cables, working in

collaboration with Australian, \ |
Singaporean and Indonesian governments. BN S E 2B A KPS A':E 73__[1
AF A EBIMNFRINE (= enesiR 2024/08/2 07
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EA#E: Speed & Scale Up

FEEARERR . IBEEX
> < 1.5°C

The Stanford Doerr School of Sustainability
- encompassing climate, water, food and other complex

~" OKRRE problems the planet faces

{ gﬁgﬂ'g - “a global movement to address these challenges at scale,
5 = T and at speed. ... This decade is the most important,”

'U% 498 M T (RIEHR) - Arun Majumdar > Appointed Dean

=00 T mlIEEerTIHAR

[ Bai  RIIKEBIR(AT HEFHE)



FIGURE1  lllustration of an S-curve

Technology market share iil. jﬁﬁé%s Hﬂ %7?
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Source: Authors; adapted from Boehm et al. (2021) and Grubb et al. (2021b).



2022F RIRTTENARRE #Ei (State of Cllmate Action 2022)
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MR)E R

J:Eﬂi(on track): 0, AE#E L (off track): 6, TE iR E: 21, HalEEz: 5, BERAZE: 8 (2030F A HIE)
TEEREARYNARMER(RITRRIRIE - AREFE) - 78EZEM2050;FFHIR

FIGURE 2. Historical examples of S-curves L_}:R E*_I. }i Eé ES H é(,?
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FIGURE ES-2. lllustration of the stages of S-curve progress for low-carbon technologies

EMERGENCE DIFFUSION RECONFIGURATION

Green hydrogen Solar and wind
Sustainable aviation fuel Electric buses

Zero-emissions shipping fuel *E ":.'IE IzhEb EQ
Carbon removal technologies j( F’JEJ_ ﬁimﬁg

EVs in LDV fleet ﬁgﬁg%@ﬁhg&gj%

EHEL

Medium- and heavy-duty EVs

FT i
s
|
g
3

N~
-
-
|

AR ZF P& Ex:
fE - PERIEHE -
KAEMZERREY -

S HE A E AR -

2 bix $% 1l
RIS EE X

€&—— Low- or zero-emissions technology market share

rd
)

Time or cumulative production

Y
7

Note: EV =electric vehicle; LDV =light-duty vehicle. These labels include technologies that are directly tracked by our nine indicators that may follow an
S-curve.

Source: Authors’judgment, based on Victor et al. (2019) and ETC (2020). State of Climate Change 2021
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Shared Socioeconomic Pathways (SSP) £ BiHRE - SuSles
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SSP 5 SSP 3 CMIP6
MIERBROEHEL R BHRPHEE 57 RERREEE (E%ﬁ(ﬂ%’t%)ﬁiﬁ IR \
Fossil-ftlleled ngelopment Regional Rivalry JJIII A r
Taking the highway A Rocky Road ?i@@iﬁ%% [ ] . SSP3-7.0

SSP 2
thEBEAR

Middle of the Road SSP5-3.4
SSP 1 SSP 4 [ ] SSP4-3.4
s
KIFSE RV R AEEFHF

Sustainabili Inequali 4 3
Takin;?helg?eérl'ntsl'?oad ARO;duDil:is-’ded [ ] SSP1-1.9 j

;'J\ 2mE 3 ooph A EY e
IIH iEHEEt?E =i O'Neill et al., The Scenario Model Intercomparison Project

https://tccip.ncdr.nat.gov.tw/ds 02 06 ar6.aspx (ScenarioMIP) for CMIP6, Geosci. Model Dev., 9, 3461—
3482, https://doi.org/10.5194/gmd-9-3461-2016, 2016.
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With every increment of global warming, regional changes in mean
climate and extremes become more widespread and pronounced

the last time global surface temperature was sustained
at or above 2.5°C was over 3 million years ago

E—— A 2011-2020 was
= A EIJ 44 i e i o | ;
=) /m 0 2= ;g fh;;ﬂ%;g_fggg gy The world at The world at The world at The world at
0 1) S50 GEE +3°C +4°C
] [ 1 | | 1 1 1 | |

)

a) Annual hottest-day temperature change Annual hottest day temperature is projected to increase most urbanisation
(1.5-2 times the GWL) in some mid-latitude and semi-arid further intensifies
regions, and in the South American Monsoon region. heat extremes

V

change (°C)
7

il I
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the last time global surface temperature was sustained

o A
2011-2020 was at or above 2.5°C was over 3 million years ago

around 1.1°C warmer

thai 18504300 The world at  The world at The world at The world at
%
L1

+1.5°C  +2°C +3°C +4°C
e )

Global warming level (GWL) above 1850-1900

e

i -

n ia‘s 7J< ﬁ b) Annual mean total column soil moisture change Frojections of annual mean soil moisture largely follow
[ I3%
=4 N

projections in annual mean precipitation but also show
B> change (o) some differences due to the influence of evapotranspiration.
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O Annual wettest-day precipitation change Annual wettest day precipitation is projected to increase changes rnay
s’ . : - : . appear large as
F :,I B change (%) in almost all continental regions, even in regions where PP g

% or g changes

_4-0 30 20 10 0 10 20 30 40 projected annual mean soil moisture decline.
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a) Risk of J”

0% 0.1 1 5 10 20 40 60 80 100%
species losses R T Foii B

Percentage of animal ~ a , ., S8, 0 ol oy 'Projected temperature conditions above
species and seagrasses |/ -+  NGA&A ‘3&‘ Jl‘" \[.» ] the estimated historical (1850-2005)
exposed to potentially | ' _'_f‘.f.-).*‘_{"?fi{', PR .. ‘'GB maximum mean annual temperature
dangerous temperature o Y. U Tk i experienced by each species, assuming
conditions’ 2 | | b Y.\ 5 no species relocation.

R e 1.5°C SIIELRE

HY41E LA

?Includes 30,652 species of birds,
mammals, reptiles, amphibians, marine
fish, benthic marine invertebrates, krill,
cephalopods, corals, and seagrasses.

e
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b) Heat-humidity  0days 1 10 50 100 150 200 250 300 365 days
risks to T i .
human health s 3
Historical 1991-2005 1.7-23°C  ZIKEEIEEE 24 3.1 4.2 - 5.4°C

Days per year where IProjected regional impacts utilize a global threshold beyond which daily mean surface air temperature and relative humidity may induce
combined temperature and  hyperthermia that poses a risk of mortality. The duration and intensity of heatwaves are not presented here. Heat-related health outcomes
humidity conditions pose a risk vary by location and are highly moderated by socio-economic, occupational and other non-climatic determinants of individual health and
of mortality to individuals? socio-economic vulnerability. The threshold used in these maps is based on a single study that synthesized data from 783 cases to
determine the relationship between heat-humidity conditions and mortality drawn largely from observations in temperate climates.



BEYESNEHE
¢) Food production
impacts

v
c1) Maize yield* 1.6-2.4°C  SIRIE(LEE 3.3-4.8°C 3.9 - 6.0°C
Changes (%) in yield

“Projected regional impacts reflect biophysical responses to changing temperature, precipitation, solar radiation, humidity, wind, and CO:
- / N LIQ & enhancement of growth and water retention in currently cultivated areas. Models assume that irrigated areas are not water-limited.
Models do not represent pests, diseases, future agro- technologlcal changes and some extreme climate responses.

S

c2) Fisheries yield®
Changes (%) in
maximum catch
potentlal

Areas with little or no
production, or not assessed

w7 Areas with model disagreement

(2 09-2.0C RE(LEE 34.52°C

SProjected regional impacts reflect fisheries and marine ecosystem responses to ocean physical and biogeochemical conditions such as
temperature, oxygen level and net primary production. Models do not represent changes in fishing activities and some extreme climatic
conditions. Projected changes in thea Arctic regions have low confidence due to uncertainties associated with modelling multiple interacting
drivers and ecosystem responses.
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‘Bleak’ findings
come from report
at Cop27 that
notes ‘no sign’ of
urgent cuts
needed to stop

climate breakdown.

https://www.theguardian.com/envir
onment/2022/nov/10/carbon-
emissions-from-fossil-fuels-will-hit-
record-high-in-2022-climate-
crisis?fbclid=IwAR2690rPSWsq6A
d7e79kTK2aXSt-
DjkX1FnIEKOKBLDb-
K700yOeslhvmV44

Fossil fuel emissions in 2022 are set to reach arecord high

) 2022 estimate
40 gigatonnes of CO, per year |

36.6
Global
30 t
O
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<
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—— J— *\-—-—-—-—&__._\’_.
— = 2.9
o — . ——==% ndia
— S - ; 2.8
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Guardian graphic. Source: Global carbon budget. Friedlingstein et al. Earth System Science Data, 2022
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We are not on track to limit warming to 1.5 °C.
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GRACE AND GRACE-FO Observations ofF Polar Land Ice Mass Changes_ 2002-04
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HiRAM Global Warming Level
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DESERTEC is a non-profit foundation that focuses on
the production of renewable energy in desert
regions3l The project aims to create a global
renewable energy plan based on the concept of
harnessing sustainable powers, from sites where
renewable sources of energy are more abundant, and
transferring it through high-voltage direct current
transmission to consumption centers.

https://en.wikipedia.org/wiki/Desertec

——  HVDC before 2020
—  HVDC after 2020
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https://en.wikipedia.org/wiki/Desertec
https://en.wikipedia.org/wiki/Renewable_energy
https://en.wikipedia.org/wiki/High-voltage_direct_current
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