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Unprecedented Llimate Change is here
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Unprecedented Llimate Change is here

Warming is unprecedented

in more than 2000 years
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Many changes in the climate system are

: It is unequivocal that human Human-induced climate change
unprecedented over many centuries : : : :
influence has warmed the Is affecting extreme events in
to many thousands of years. :
atmosphere, ocean and land. — by every region across the globe.

about 1.3°C so far.
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The tirst year above |.a"L AL ot

and more to come

Climate change is accelerating
and the planet warms at a record
rate of about 0.25°C per decade

2024 was in most records the
first year above 1.5°C — doesn’t
mean we are at 1.5°C yet but
might reach it around 2030

Indication that this means that we
need to expect that the impacts of
a 1.5°C world will emerge
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an Global surface temperature: increase above pre-industrial
' Reference period: pre-industrial (1850-1900) « Credit: C3S/ECMWF

Annual averages, since 1967
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*Other sources comprise JRA-3Q, GISTEMPv4, NOAAGIobalTempvé, Berkeley Earth, HadCRUTS.
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Risk/impact
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Records are being shattered

'‘Record-shattering’ heat extremes are on the rise
National maximum temperature records that were broken by large margins over 2019-23,C

« Climate change is

accelerating and so are -
extreme events +1.9€
. . . 50 +1.8C +4.6C
 This leads to arise in '
record shattering extremes W +1.9€
and the widening of the 45
‘climate experience gap’
+1.6C
40
Previous record
35%
UK, 2022 France, 2019 Italy, 2021 Canada, 2021 China, 2023
*Truncated axi .
SortL::ccea: \(fe\/oizl\sf\feather Attribution and media reports carhoanef
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Uvershoot, peak and decline pathways

Large-scale CDR deployment to Reinforcing Earth
reverse warming with potentially  system feedbacks

High warming ! _ : _
response and irreversible climate impacts and result in continued
abrupt shifts in local continued high adaptation needs long-term warming

impacts despite achieving net

zero CO2
A /
Strong near-term

mitigation and
median/low climate
response avoiding
exceedance of
temperature limit

e . g | | PD-OS: Overshoot
pathways

PD-EP: Enhanced
protection pathways

Global temperature increase

Gradually warming reversal with
sustainable levels of CDR

Temperature
stabilisation at target level

Time

Pre net-zero warming phase Long-term state

Schleussner et al (2024)
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Overshoot is not ‘another’ way to
achieve the same climate outcome

Need to consider a wide range of
possible climate outcomes rather than
‘narrowing in’ on best estimate
outcomes

Overshoot is just one outcome for
peak and decline pathways
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Reversibility of regional climate after overshoot?

Evolution of regional annual mean temperature around peak warming

e Wide range of different long-term

outcomes after overshoat in %’% %%3
’A

PAA
particular over oceans (only light g
green is actual reversal) % %% % %3 % >< ﬁ
*  Both continuous cooling and Vé:? “ 9» WI Nor £
/AL\ Q ‘ s
warming are possible %{@ (\ IS AN ’ % g ﬁ
. es!z /A\ ~
 Evenless clear picture for VALV
precipitation and extreme event ’72\5 ‘ (A % %%% <
indicators § N 2

&
>

s

Pfleiderer et al (2024)
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Wide range of potentially irreversible
impacts

Cryosphere impacts largely irreversible on

human timescales

What about biodiversity risks, species
extinction?

9 | SCIL webinar, 12 February 2025
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lipping risks under overshoot >N

‘@/’.
Tipping risk by 2300 )
for all overshoot trajectories ‘

4% tipping risk by 2300 for current policy

scenarios even if temperatures are brought back to | s
below |.a °C. £ s
2 O ssP1-19
. . . . . o @ O GS-NZGHG
« Tipping risk by 2300 increases with every additional Wl 9 e . ?
< @ Neg-0s-0C
0.1 °C of overshoot above 1.0 °C and strongly 5 Ae
- 0 2 b.
accelerates for peak warming above 2.0 °C. i 8.
« [Caveats: Neither tipping points nor response times | ° %5’ B 8
. o
well constrained o 0
10 &%OO o s
- . P:;k temperifure (°C) * M:;Z//er et al (2024)
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The imperative of near-term emission reductions

NEAR-TERM GLOBAL WARMING RATES

. Halving emissions in the 2020s (in line B s rianeot | (e P
with Cl pathways) means halving the
warming rate in the 2030s. and halting | =
warming in the 2040s I
» Slowing-down climate change critical to~ . e e
enable adaptation - but climate risks ~ © .. (LD
will increase for decades to come U "
- ) R ) i CONSTRAIN (2022)
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A hot future is a less productive one

10
e Substantial reductions in IS O O SR S S N A T % B
physical labour productivity I H !
. . ]
(outdoor) with climate change . | i
. . < L] [ .
* Particularly pronounced in 3 |
tropical regions 2071 L | B I :
» fundamental risk to sustainable & _ | T T | T |
development objectives L l
-40 [J1.5°C
[ 2.0°C
3 3.0°C -‘7 Dasgupta et al (2021)
-50 — | T | |
Global Africa Asia America Europe

Region
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Llimate change impedes economic prospects

_Iljg_pl_l_mmittg_d economic damages of climate change in 2050

ot oS

* Relative to no-CC baseline,
climate change might result
in income reduction by

about 20% in 20a0 - more | ” :
than bx the global mitigation |~ . 4 1 €
costs | 4 “ "

e |osses concentrate in -
’[r‘IJ|JiEH| PEQiDnS s — —

1
=30 -25 -20 -10 -5 -2 0 2 5 10 20 25 30

Percentage change in income per capita
relative to a baseline without climate impacts

Kotz et al (2024)
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Uvershoot is at best a multi-decadal commitment

A High peak
- warming with
g strong reversal N 0 e
=
0O
e
U
Y - ———— __
P NTI = e
e |1.5°C limit - =
8 Limited peak
« warming and
E long-term
G reversal
Peak warming and impact Overshoot and impact reversal .
2030 2050 2070 2090 Time
-
B Overshoot length
and magnitude
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Uvershoot and adaptation

High peak

Y
L o ——
0
)
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e . ————__
E |15 C limit st S
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. g warming and =
« Timescales of temperature reversal exceed most E ong e
plannmg |'|EIFIZIIII'IS Ell'ld HdEIp’[E’[IEII‘I measure Peak warming and impact Overshoot and impact reversal
| IfEt | MES 2030 2050 2070 2090 Time
B
. o . Overshoot length
o Potential benefits in the far future are discounted B enicudo
I I . 9 oo S I Annual (operational budgets, insurance, crop variety, etc.)
EWEy in EDSt-bEﬂEfIt-EHElySES § E g I _|Decadal (climate strategies, infrastructure planning, capital investment, etc.)
g § 2 I Long-term infrastructure (dams, etc.)]
o
[ " .E
* PEﬂk warmlng rather tl'lﬂl'l Iung tEI"ITI warmlng b= 6 o @ I' Reservoir management, crop planting strategy, etc.
[ 8 = : i
1 1 > s 2 £ N Urban greening, building retrofits, etc.
DUtEumBs may drIVE adaptatlu“ nEEds and % _§' g :&_; | Levees, dikes, seawalls, building standards, etc.
Eusts - < - T Long-term infrastructure, urban design, etc.
g oz
o £ Varying discount rates of
o = 14% arying discount ra
-8 g g 7% 43% future benefits and costs
) 0
= Schleussner et al (2024)
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The imperative of
climate adaptation

e Ever increasing climate risks require
substantial efforts in adaptation

e Jubstantial adaptation gap apparent
today

The risk propeller shows that risk emerges from the overlap of:

. Climate hazard(s) ‘

...of human systems, ecosystems and their biodiversity

|6 | Schleussner Adaptation [3/02/25

Climate Change

causes
Impacts and Risks

Risks

Human Society Ecosystems

Limits to adaptation including biodiversity
SRS R Limits to adaptation

. Losses and damages
\ lmEacts )
$Onserves, restore>

Livr rovision -
/Ve/’hoods ovisi Ree°

Ecosystem S¢'

IPCC (2022)
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Vulnerability, exposure
and climate hazard

e [nteraction of climate hazards with
exposure and vulnerability drives
climate risks

o Risks structurally depend on socio-
economic development and other drivers
-> but climate adaptation requires strong
climate rationale

[7 | Schleussner Adaptation 13/02/25

The risk propeller shows that risk emerges from the overlap of:

. Climate hazard(s)

...of human systems, ecosystems and their biodiversity
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The challenge of climate attribution

(b) Observed impacts of climate change on human systems

Impacts on Impacts on Impacts on .
water scarcity and food production health and wellbeing cities, settlements and infrastructure Confidence
Aariculturel Alnimatl aEd Eisilc]eriesd Heat . Ig!and | quog!stogm 5 D?mfges In at_trlbutlon
Human  water grécrgpL_"e hena'llfti ca);cn.d a&ﬁacﬁﬁﬂre Infectious malnﬁ?ri'tion Mental aos(;olc?gtgg da”r':waucgs in aT: o ecgnoi%ic to climate change
systems scarcity  production productivity production diseases  and other health  Displacement damages coastal areasinfrastructure  sectors . High or very high
@ Medium
Gobadl @ @ (-] ©@ @ e © @ 0 & © Lo
Afica @) Q Q (-] (-] e =) S © S Evidence limited,
Asia 9 9 ° ° ° ° ° ° ° ° insufficient
Australasia (- (+) (-] (- Q@ % (- (- (- na Not applicable
Somﬁﬁn;}\rr?mle?ilgg ° 9 ° ° ° assessed ° ° ° O
we @ @ O O 0 © © O o © © impacts
. h
onsneis @ @ © © © © 6 © © O O o Chmmpm
Small Islands ° ° ° ° ° ° ° ° ° o | )
Arcti © & O @ @ © @ © @@ 0O ™ adverse
Cities by the sea ° ° oot ° ° ° ° impacts
Mediterranean region ° ° ° ° ° st ° + !:_ln dc\;gl?ssemg
Mountain regions 9 9 ° ° ° ° g na Q Q Frp‘ga%(%g't've
IPCC (2022)
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Typologies of climate impacts and adaptation actir (&

Risks

-

Adaptation need by Description Recent climate impact

climate impact type examples

Hazard dominated Climate pressure dominates; focus on Heat wave with more than 50°C in Saudi Arabia,
climate information and attribution front June 2024

and center, with a view to prepare for the
unprecedented

Exposure dominated Responses to impact overlap with Severe flooding in Brazil,
measures focusing on classical disaster risk April 2024

reduction

Vulnerability Responses overlap with measures Persistent drought in the Horn of Africa,
dominated focussing on sustainable development since 2020

: International Institute for
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Adaptation options and development synergies

Dimensions of potential feasibility

= ) - e Py /‘:«,\
‘/ Synergies EE D m T‘ITT = @
. . System Representative Climate responses’ Potential with Techno-  Insti- Environ-  Geo- Feasibility level and
[ ) Ad t t t d transitions  key risks and adaptation options feasibilit mitigation Economic logical tutional Social  mental physical synergies with mitigation
dptldation options nee ’ v ’ y ymers 9
. . High
assessed
. et Coastal defence and hardening [ ] not assessed @ () @ S ° ) |
tD E I m p E m E nt E u E a y ecological systems Integrated coastal zone management . O a ™ O . @ Medium
Low
. . Forest-based adaptation? . . o . o . ® . / fhic |
a n E E a S I E I n a u E H Land and | Terrestrial and Sustainable aquaculture and fisheries ® O (@) ® ] @] . [ ] nsufficient evidence
ocean | ocean ecosystem
ecosystems | services Agroforestry o . L . o O . ] Di . f
. . imensions o
E u nt E Xt Biodiversity management and ecosystem connectivity (] . O . o . ® . potential feasibility
Water Wat ffici d wat t
security ater use efficiency and water resource managemen @ @ @) [ ] [ ] ) ® [ )
. . Confidence level
e Nupstantia p otential tor Food. improved cropland management @ ® © o o o @O o in potential feasibilly and
security Efficient livestock systems o o @) o o O . ® in synergies with mitigation
[} L] [ [ [} ngh
S n E r' I E S W I th m Itl E tI D n Urban and | critical Green infrastructure and ecosystem services [ ] . . . . ® .
infrastructure | infrastructure : ‘ . Medium
: Sustainable land use and urban planning (] O ® @ .
systems | petworks Low
and services Sustainable urban water management o O . . O . .
Water security Improve water use efficiency . . . [ ] / . .
Footnotes:
Sggg,?,! Critical infrastructure, Resilient power systems : . . . [ ] . @ ot applicable :
networks and services bl bt The term response is used
bl . ® . L . . not applicable here instead of adaptation

IPCC (2022)
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=

Lonstraints to adaptation - — A

7
E)

e Adaptation actions are . . | Canal &

constraint by different )

C

Australasia South America

imensions of socio-economic

Cg@ |I
Ey J‘Ey )

" "
development ‘ ‘ "
Uvercoming adaptation

. . North
constraints key for climate g Europe MAmenca smau.sla
resilience ) & @) & >

A RCANRCAY

IPCC (2022)
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[losing the adaptation gap - a long shot

Climaterrisk:
heat stress exposure

Pop.
share
(%)

B

-50
-25

Andrijevic et al (2023)
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[losing the adaptation gap - a long shot

Climaterisk:
heat stress exposure

Pop.

share ‘ .?
(%) T -
| BB

)

-50
-25

T
7

gt

\"’% ~1

Pop.
share
(%)

Adaptation:
air conditioning ownership
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Andrijevic et al (2023)
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[losing the adaptation gap - a long shot

Adaptation gap: population
exposed to heat stress without air conditioning

Andrijevic et al (2023)
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Adaptation gap: population
exposed to heat stress without air conditioning

Llosing the adaptation gap - a long shat .

e [losing adaptation gaps may
take decades

South Asia Sub-Saharan Africa

/ Scenario

|

e Strongly depends on future
evolution of socio-economic

o)}
o

development o2
» Adaptation is not an on/off " o
20 SSP5

state, but an ongoing
challenge 0

Share of the population (%)
iy
@)

2020 2040 2060 2080 2100 2020 2040 2060 2080 2100
Year Year

Andrijevic et al (2023)
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Adaptation - from incremental to transformational
system change

e Limits to adaptation options
and ||-||:PE|T|E|TI:E| ADAPTATION TRANSFORMATIONAL ADAPTATION

improvements within systems
Y T f i I d i Responding to and preparing for Deep, systemic change that requires
r. a " s u r. m atl u n a a a ptat I u " the impacts of climate change reconfiguration of social and ecological systems
can overcome limits, but
) [} Ly p iprowed infrasirckrs; Alternative lifestyles
requires system [;hangg ' 5. e effcientimgation SR

'y 7‘.’ 4‘& SYISP:Z"‘S toh?eal Changes to farming, e.g.,
, with droug diversifying crops,
strengthening links to market

/ Flood protection New city planning to NA M
. and safeguarding of safeguard people » ) _

fresh water supply and infrastructure , Pt >

IPCC (2022)
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lowards adaptation pathways

Accepted probability of impact: 50%

Risk of measure

] Adaptatiun is a Planning time ineffectiveness

Incremental Measure

Planting of new tree
pPDEESS species (lag time before : ® ?
measure is effective) Lifetime of the measure

e Dynamic adaptation o
pathways to plan for e o©
. trees, surface greenin
sequencing of e
adaptatlnn Transformational

Design of urban

Long-term effectiveness —

ventilation corridors

implementation v 5y 10y 20y sy oy oy

@ Limit to adaptation might be reached (low estimate)

€ Limit to adaptation reached (high estimate)

https://climate-risk-dashboard.climateanalytics.org

International Institute for
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https://climate-risk-dashboard.climateanalytics.org/

lowards adaptation pathways

t Days a year with moderate heat stress in days per year

> Assessment of high-end climate risks

critical for resilient adaptation
planning

- 40

@

0

e

Q

©

E 2

28 | Schleussner Adaptation 13/02/25

Accepted probability of impact: 50%

Risk of measure
Planning time ineffectiveness
Incremental Measure R ——
Planting of new tree
species (lag time before ® o
measure is effective)

Lifetime of the measure

Incremental Measure

Improved water
management of existing . 0

trees, surface greening

. Long-term effectiveness —
Transformational 8

Design of urban
ventilation corridors

Now 5y 10y 20y 30y 40y 50y

@ Limit to adaptation might be reached (low estimate)

€ Limit to adaptation reached (high estimate)

https://climate-risk-dashboard.climateanalytics.org
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https://climate-risk-dashboard.climateanalytics.org/

lowards adaptation pathways

Accepted probability of impact: 5%

Incremental Measure
Planting of new tree
species (lag time before
measure is effective)

7 L1

t Days a year with moderate heat stress in days per year

Planning  Risk of measure

time ineffectiveness
Incremental Measure L ]

Improved water . 0
management of existing
trees, surface greening

Lifetime of the measure

Long-term effectiveness —

Climate risks can emerge decades |
earlier than in central estimate

Now 5y 10y 20y 30y 40y 5

o
<

40

@ Limit to adaptation might be reached (low estimate)

@ Limit to adaptation reached (high estimate)

Accepted probability of impact: 50%
Risk of measure
Planning time ineffectiveness
20 Incremental Measure
Planting of new tree

species (lag time before “ [ ] [x]
/ measure is effective) T

Climate hazard

Incremental Measure

Improved water ) )
management of existing
trees, surface greening

Transformational Long-term effectiveness —

Design of urban
ventilation corridors

O Now 5y 10y 20y 30y 40y 50y
2020 2040 2060

@ Limit to adaptation might be reached (low estimate)

© Limit to adaptation reached (high estimate)
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Towards mainstreaming adaptation

« Adaptation is a process not an
outcome

1. Preparing the ground for adaptation

o

!

&)
o\o/

* Requires continuous monitoring ’

and evaluation
Adaptation

e Paramount importance of ‘ Support Tool
adaptation in a warming world

2. Assessing climate change risks and vulnerabilities

3. Identifying adaptation options

4. Assessing adaptation options

5. Implementing Adaptation

6. Monitoring and Evaluating Adaptation
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