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sttt (Holocene) B, Attt (Anthropocene) A
ANENXHE, B2 FED ST Dtk AT LDOREICIKTE

SIiHEVSEE
911,700 FE NS Fo B R, FIAMISERETCTIAVI T A—EDE B TR E
ANFEIL, D TEEAEBR(CADEEDL, XPEEREIE, AEXHIE. RHELNESE,
SoErit
BE 10 FEMOSEEE (Holocene)
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SERRE (C)
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R A AT //ﬂ

F7YhhSBE READBT T H5 3—n v /ST

SMICRERHDE I—np vy sIcBE =R (FV¥%, A—7)

100,000 80,000 60,000 40,000 20,000 0 g
Source: Johan Rockstrom and Mattias Klum, 2015, Big World Small Planet 4
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AFHZEESLE “The Great Acceleration” DE KL IBRIE&

20t $0 (3. ARBEEIOINRD eI ZR 5, AFiH (Anthropocene) H'El3K
ARBICZD ., HERIEDEdZRDZ N, EKIRIZZES SHEFTEEL
NEOEBOBINE D) ZNCKBHHAOEEORINE

The trajectory of the Anthropocene: The Great Acceleration (Anthropocene Review) 15 January 2015.  Image: Globaia 5
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Source: Azote for Stockholm Resilience Centre, Stockholm University.
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Safe and Just Corridor Framework

EMYEFNLCREEOHIUCMZ, BADSOERE, YR,
BEOES [CRAT N EEFEmLIZIL-LT-T

=
FUTURE™ =

= &>

= i
=

EYIBERHICRLE (Safe)I-T Y I,
FEICAFELRJust) =Ty R 2RIHRELTVBADIITTIEEL,
Ex) 1.5cCEZEZERLTEYAIETFETS

(a) Biodiversity

Climate
change

Nutrients and
pollutants Water
State variable
(e.g. climate change, °C)
A

—T Safe
i Just

corridor

Source:

Johan Rockstrom, Joyeeta Gupta et al. (2021)
DOI:10.1029/2020EF001866 CC BY 4.0
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Safe and Just Earth System Boundaries (SJ-ESBs)

Planetary Boundariesh*'5 5U{&. E£E. XK. RE. KRIFRO5D2ZER
BRI AT L ER TS EEEN DEE(L ATEEL8DDIRIR (ESB) ZFICHFE

@ Current = Safe — Just - Safe and just align fﬁ“i‘i‘ |_$—T_\,1Iij _C‘(i
Climate 1850-1900 IR LLER
p e 210)) Safe = +1.5 °C
dl Aerosols — Just = +1.0 °C
: IJ O /}l/ (subglobal) integrity (Current @ = +1.2 °C)
I7rovl e 1E3[0)
I70YIVAHREAOD), EENTLN
PM2.5% 1B LT cHIIT

Safe: <0.25-0.5 AOD
Just: PM, s <15ug/m3

*subglobal: Phosphorus

Ay .l.\b
nawral [ FRERE R

ecosystem

A5 B area &1 [H]
EVA-VIATLERE U5
Nitrogen . Surface
N water
BERER
Source: ?E = iﬂ’a?—%(%@)7j{
Johan Rockstrém, Joyeeta Gupta et al. Nature (2023) Fig.1. [ZEFE. Groundwater

https://doi.org/10.1038/s41586-023-06083-8 CC BY 4.0
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Safe and Just Earth System Boundaries (SJ-ESBs)

IR7E, ESBIEIEN' I CICIBER 2R L WA (0~FK7)&HigRIcTOY b
IR ERED52% T2l EDSI-ESBIER 21 (115 A 186%(-22£8)

AL EMS)-ESBIRSR 222/ 3 Bitulgy : HIRD5%ICHHY (HH5RAE28%)
S AOZBEDOSV\HIFCEPR LTINS Source:

Johan Rockstrom, Joyeeta Gupta et al. Nature. (2023)
Fig. 3: Hotspots of current ESB transgressions.
https://doi.org/10.1038/s41586-023-06083-8 CC BY 4.0 o



[ =y =4 Discover

THE UNIVERSITY OF TOKYO Excellence.

EE‘?.:.ZE‘E:R B, ‘
KRiBH (air pollution) HEEADEREE
[RGB LPM2)ADEREE | LBRHIEDIRIIR-IYEYY
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D—EBEE) & REFLILIFICHD A4 (i) CERBZENELD

Source:
Joyeeta Gupta et al. Nature Sustainability. (2023)
Fig. 3: Mapping exposure to harm from air pollution.

DOI: 10.1038/s41893-023-01064-1 10
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Global Annual Mean Air Temperature

Tl LB S REREZLFIRICENDDLT
20223 [BESEZRICIZDHT:

2 O 2 2 Was t h e Global Annual Mean Surface Air Temperature Change
Sth warmest year B e——

B8 Annual Mean

-
on record, despite P —
-~ Best Linear Fit (1970-2015) (0.18°C/decade) Super

maximum cooling s = My
effect of the La

ature Anomaly (*C)

Nina cycle

1970- 2015$0)74‘17‘f/7(gct%(‘:'l()ﬂzflﬂﬂo)_ta’-l-mmliro 18°C |

Data: GISS Surface Temperature Analysis, NASA. (2022)
https://data.giss.nasa.gov/gistemp/graphs_v4/
Image Source: Johan Rockstrém, Frontiers Forum Live 2023

https://www.youtube.com/watch?v=7KfWGAjJAsM
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Global leaders consider Extreme Weather as looming risks in the last decade

Evolving Risks Landscape

Top Global Risks by Likelihood

Infectious diseases Biodiversity loss

X
£
3
1

Climate action
failure

Extreme

weather environmental

Digital power Digital inequality
concentration

Human-made
environmental
disasters

Climate action Biodiversity loss

failure

Extreme
weather

Data fraud
or theft

Natural Cyberattacks

disasters

Climate action
failure

Extreme
weather

Data fraud

Natural

Climate action
failure

Extreme
weather

Cyberattacks

disasters or theft

Extreme
weather

Data fraud
or theft

Involuntary
migration

Natural
catastrophes

Involuntary
migration

Climate action
failure

Extreme
weather

Extreme Unemployment

weather

ag %: g"
&g 1R

T

Income Extreme Unemployment Climate action Cyberattacks
disparity weather
Source:
e Flacal Greenhouse Water crises Population “Global Risks Report (2021)" , World Economic Forum
imbalances gas emissions ageing Fig 4

https://www.weforum.org/reports/the-global-risks-report-2021
Fiscal Water crises

imbalances

Greenhouse gas
emissions

Income disparity Cyberattacks

CC BY-NC-ND 4.0
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Source:

"The Global Risks Report (2023)" , World Economic Forum 13
https://www3.weforum.org/docs/WEF_Global_Risks_Report_2023.pdf
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J0-NIb-1EVRX : [REMNTHERBEMHDH SIS AT L]
Global Commons StewardshiplC&3SDGsMIZERL : BELIZHEERE VS
ERzZEYD. 2 - BE-AZRXR IS -BEEFIATLADEGER

ey 31 FEBICHRETIRE
:ij_'b g (9
DERHA

-

SUSTAINABLE /™ &
DEVELOPMENT "A»‘AL

Global
Source: United Nations Commons
Stewardship
AFiH © kA - BHEZREL.
HE- EETHIRERTT S

“The SDGs Wedding Cake”, Azote for Stockholm Resilience Centre, Stockholm University. CC BY-ND 3.0 &KY—&BsRH,
https://www.stockholmresilience.org/research/research-news/2016-06-14-the-sdgs-wedding-cake.html
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Year

2050

p.7. Figure 1.1: What pathways can lead to achieving the SDGs within planetary boundaries in 2050?. &U—&BeXZ,
https://www.stockholmresilience.org/download/18.51d83659166367a9a16353/1539675518425/Report_Achieving%20the%20Sustainable%20Development%20Goals_WEB.pdf
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The World in 2050 “aa8 “‘
www.Iwi2050. mg

Human Capacity,
('3 L,.t 3 Demography & Health

' » Education, aging,
”"‘.‘ labor markets, gender, inequalities

Digital

Revolution
Artificial intelligence, big data,
biotech, nanotech, autonomous

systems

Prosperity
Social Inclusion
Sustainability
Resilience

‘ i
- COVID-19
- 4& ’)),* RESPONSE 3

Consumption &
Production

i, Resource use, circular economy,
sufficiency, pollution

Smart Cities
Decent housing, mobility,
sustainable infrastructure,

pollution

Decarbonization &
Energy

Energy access, efficiency,
electrification,
decent services

Food, Biosphere &
Water

Sustainable intensification,
biodiversity, forests, oceans,
healthy diets, nutrients

Source: TWI2050. (2018) CCBY 4.0
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“Global Commons Stewardship” D&% E R

Framing : GCSOH &ML E L E R 3 A DR
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HAREH : Global Commons Stewardship Framework
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Note: sectors sized
according to 2019
emissions impact

Source: SYSTEMIQ
analysis; CO2e
emissions breakdown
informed by
International Energy
Agency, Energy
Transitions
Commission; Food
and Land Use
Coalition; World
Resources Institute;
Climate Watch.
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The Paris Effect, SYSTEMIQ. (2020) https://www.systemig.earth/wp-content/uploads/2020/12/The-Paris-Effect_SYSTEMIQ_Full-Report_December-2020.pdf
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Image Source:
EAT. Diets for a Better Future. p.33. Figure 19.

https://eatforum.org/content/uploads/2020/07/Diets-for-a-Better-
Future_G20_National-Dietary-Guidelines.pdf

Data:
from Springmann et al. (2020).
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The Planetary Health Diet by intake values and ranges for major food groups, visually represented by relative proportion of these foods on a plate.
Figures adapted from Willett, Rockstrom, Loken, et al. (2019).2

Source:
EAT. Diets for a Better Future. p.17. Figure 7.
https://eatforum.org/content/uploads/2020/07/Diets-for-a-Better-Future_G20_National-Dietary-Guidelines.pdf 25
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Global Commons
Stewardship Index

I_I_I

Domestic

Aerosols

Spillover

Terrestrial

Biodiversity Loss

GHG Emissions

Aerosols

GHG Emissions

| Biodiversity Loss

\

Nutrient Cycles

Marine

Biodiversity Loss

>

Terrestrial

Marine

Water Cycle

Biodiversity Loss

Nutrient Cycles

Water Cycle

Figure 1. Conceptual framework of categories within the Global Commons
Stewardship Index

Domestlcc‘:SpllloverL_'DL\'C ZNEN6 D20V T -E5-%&KEL. ZNEFNOIEHICDOVT,

AF33EDHEEFEERSL, BIFSNSEMICHI5EREZRH

Source:

Global Commons Stewardship Index 2021. p.10
https://irp.cdn-website.com/be6d1d56/files/uploaded/GCS-Index-2021-Report-2021.pdf
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Argentina
Australia

Brazil

Canada

China

European Union
France
Germany

India

Indonesia

Italy

Japan

Korea, Rep.
Mexico

Russia

Saudi Arabia
South Africa
Turkey

United Kingdom
United States
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95-100  No or limited negative impacts on the GC

90-95 Low negative impacts on the GC

80-90 Medium-low negative impacts on the GC

I ! 70-80 Medium-high negative impacts on the GC
50-70 High negative impacts on the GC
30-50 Very high negative impact on the GC
0-30 Extreme negative impacts on the GC
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67.0
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48.1
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58.9
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58.7
as.6 [l
61.4
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614 [
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Marine

L B Nutrient Cycles Water Cycle
Biodiversity

96.8 61.1 4 | 60.6 NE
29.3 8.1 4| 327 >
97.2 55.4 > | 69.2 A
18.5 6.6 4 | 258 >
96.1 87.5 J | 67.4 NE
75.2 7.3 Vo[ 25.1 =
60.0 74 4 | 244 >
74.5 5.8 Vv | 186 =
99.6 95.7 | 718 A
98.1 83.1 > | 69.4 2
72.8 72 - |23 2
8.5 24 BEEx BE
61.0 7.2 > | 262 >
95.9 43.0 > | 55.8 -
95.3 47.1 7 | 29.8 >
52.8 7.5 > | 5.2 >
92.8 71.8 > | 58.6 A
98.9 67.7 > | 309 A
80.5 6.9 4 | 25.0 >
58.9 8.0 4| 349 >

TR

Meaning

Projected to meet 2050 Threshold
Projected to meet only 2030 Threshold
Insufficient progress toward thresholds
Trajectory headed in wrong direction
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Asia
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Black
Carbon

(Gg)

(GrN surplus)

Nitrogen
Surplus

Water Stress
of Crops
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{elobal PDF)

Land Use
Biodiversity Loss
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Absolute Value

Percent of GHG Emissions

Source:

Global Commons Stewardship Index 2021.
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Global Spillover Impact
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Impact Origin Final Demand

EU27, 21% Global Total
Impact

China, 40%

USA, 21%

Rest of G20, 16%

India, 11% Rest of G20, 17%

EU27, 7% Japan, 6%

USA, 5% China, 5%

UK, 4%

Vietnam, 3%

~ul India, 4%
Pakistan, 3%

Rest of World, 16% Rest of World, 22%

Source:
Global Commons Stewardship Index 2022. p.19
2https://s3.amazonaws.com/sustainabledevelopment.report/2023/2022-global-commons-stewardship-index.pdf 29
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Global Spillover Impact
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Impact Origin Final Demand

EU27, 22%

Global Total
Impact

China, 26%

Russia, 18%
EU27, 21%

Canada, 18%
USA, 17%

USA, 14%
Rest of G20, 10%

Brazil, 6% Japan, 7%

Rest of G20, 5% UK, 3%

China, 3% South Korea, 2%

Rest of World, 13%

= Rest of World, 13%
Source: ERAZIO-N)L-IEVX- V59— (2023) 30
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Global Spillover Impact

Spu)y

Impact Origin Final Demand
China, 21%
Global Total
Impact USA, 38%
EU27, 18%
China, 18%
Rest of G20, 16%
EU27, 14%
USA, 7%
India, 7% I—
Japan, 5%
Iran, 5% Mexico, 3%

7 Rest of G20, 4% South Korea, 3%

Argentina, 2%
Rest of World, 27%

Rest of World, 12%
Source: ERAZFIO-N)L-JEVR-Y5— (2023) 31
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Potsdam Integrated Assessment Modelling (PIAM)

Macro-economics

o Primary energy resources
o Energy conversion technologies

o Technological change and learning

o Bulldings, Industry and transportation
energy demand

o Greenhouse gases emissions

o Carbon sequestration

o Drivers of economic growth and energy
demand

o Capltal accumulation and investment

¢ Intemational trade

o Consumption and welfare impact

4_'

REMIND

V|

o Agriculture and forestry

¢ Bloenergy supply

o Greenhouse gases emissions
e Carbon sequestration

—

O\ 5 LSRR

TRFEINE, VIORF-
IRINF--THFIA-T
EIATLDET I ER
LA FE@ETET IL(AM)

AALEIFUAIOWNT,
—ELU=5E M@ I gE

o Greenhouse gases
concentrations

o Radiative forcing
* Global mean temperature
change

MAGICC

oy Water demand

{0

Air pollution and
health impacts

Other environmental
impacts )

Decarbonization of Energy, Industry, and Transport
Power generation, transmission, long distance transport, and industry

)

Sustainable Food, Land, Water & Oceans
o Protection, sustainable management, restoration, sustainable diets,
reduced food loss and waste and halting overexploitation of species

. Sustainable Industry & Consumption
Clreular product design, production systems and supply chains, elrcular
business models, sustainable material flows and consumption patterns

SYSTEM
TRANSFORMATIONS

Sustainable Cities & Communities
Compact and resilient design and transit-oriented development,
sustainable buildings, and waste management

GCS FrameworkTIREL=4 DDV AT LR %,

Tene: Energy system transformation

3DICEWL., BV FVAZER CRE)

Discover
Excellence.
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Source:

Potsdam Institute for Climate Impact Research (PIK), preliminary results (2022) 34
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STATE OF
CLIMATE ACTION 2021

Systems Transformations Required
to Limit Global Warming t0 1.5°C

Behavior

Change and
Social Norms

B
® 00
rW N

|

ane

Policies and
Institutions

Source: ERAZIO-N)L- JEVX-ZV5—-
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“State of Climate Action 2021",
World Resources Institute

https://www.wri.org/research/state-climate-action-2021
https://doi.org/10.46830/wrirpt.21.00048
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ON TRACK: Change is occurring
at or above the pace required to
achieve the 2030 targets

On track GEYIRERELHETELWA
ACERH L TL\BIRIE)
@il

OFF TRACK: Change is heading in
the right direction at a promising,
but insufficient pace

Off track (ZELWABADZE{LHHERINBH
EEIAAR+2)
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but well below the required pace

Well off track
(ELWARAIZZELDDEZDR-ANKZEL)
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WELL OFF TRACK: Change is heading in the right direction,

17 /40 $51E

STAGNANT: Change is stagnating,
and a step change in action is
needed
Stagnant %7
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WRONG DIRECTION: Change is
heading in the wrong direction, and
a U-turn is needed

Wrong Direction FHAIMEDIRY
(BRIRD A AENER>THEY, U-
turn ML ETH5B)
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te==

.MWEEZ 0)51&5

?3Ft|:{

ENNRE, KEIHESEIDEDNHS

36



E%AEb ﬁ*/ko)El B%'EE,J”/ e

A— =\=J7li‘ﬁ7f)‘ﬁ5

BHEIATLEBOI-IVEREETEFAOZEL (JO-N)V-JE

VAZESFBNNT I AEEDZEL)

FiEE=R% £ L Lkintergovernmental system H*Gnon-state

actors N KEHZE%E R =9 multi-stakeholder coalition A

PolycrisisDBFRICH>TIZ. fEEZERI[CHZDTIIEL, FBHED

R EHTZDETRICHEITD(HHEE

)RR U EIE

37



. Y, | .
:3) CENTER FOR e Bi bR G =y -4 Discover
- = b 6 = i (;’ 'rnEUmfviisln’orTom‘o o1 (]

F R RICH370-NIV-JEVX-HNTFTIADHHS
ERMEOEHTIO-NIL-TEVXBFNSH ?

DA 3&H) 1 1992F CREINIRIBERARICEIT2EESZE (UNCED, UAHERYIYE)
CTEADREEINELITO 3 &1,
- [URTEIREHEH (UNFCCC) > EIPETEE-NVIRE
- £Z RN (CBD)
- EEREEFNEL (UNCCD)

HROGHGHEL 318

80

7 _ 20224 A RRSNIPCC* AR6 WG3 [RUEZE
N ENDIRAILN-E T RIRDIERDRES S
P W B#k (NDQ) | Z2&£ TEELLT-ATE, 1.5°CBE

DERXICEESBNIEZERL, "B4 (FiRIRILZE

IE e Ry 8 ol AV AR =t
* |IPCC: RURZENICEIT ZBAFRI/NRIV

Intergovernmental Panel on Climate Change
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Glasgow Financial Alliance for Net Zero (GFANZ)
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First Movers Coalition (FMC)
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