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Adaptation

The process of adjustment to
actual or expected climate and
its effects. Effective adaptation is
determined by various factors,
including adaptive capacity,
enabling conditions as well as
constraints and limits.

Adaptive \easures: sowing Process-based IAMs
Process-based CIMs seasons, daNys, irrigation, crip Sogloeconomic s

types, insura adaptive capacit;

Scenario-based
damage/adaptation/cost
projections and adaptation

policy measures

Impact modelling for
water availability, agriculture,
health (sectoral)

1. Projections of damages assuming
different adaptation scenarios
(including adaptive capacity)

2. Associated adaptation costs

CIMs

3. Adaptation cost functions 1AMs

Quantify the biophysical impacts
of past and future climates under
different scenarios using inputs
from Earth system models B S R A

Damage input

Assess pathways to achieve
different policy goals given
varying constraints

Aggregated or sectoral
damage functions

« Astemperature-dependent
damage functions or as time series

Econometric CIMs CB-1AMs

Require damage and
adaptation cost function for
optimal pathways

Include assessment of
past and future adaptation
(sectoral and aggregate)

Fig.1| Concept of representing adap#ationin global quantitative assessment of climate change.

van Maanen, N., Lissner, T., Harmsen, M., Piontek, F., Andrijevic, M., & van Vuuren, D. P. (2023).
Representation of adaptation in quantitative climate assessments. Nature Climate Change, 13(4), 309-311.
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Climate impact models




Adaptation to risks of sea level rise

(a) Risk in 2100 under different sea level rise and response scenarios
Risk for illustrative geographies based on mean sea level changes (medium confidence)
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Adaptation in health

(e) Climate sensitive health outcomes under three adaptation scenarios

Heat-related morbidity
and mortality

Scenario narratives

Limited adaptation:
Failure to proactively adapt;
low investment in health
systems

w

2 Incomplete adaptation:

: Incomplete adaptation

s planning; moderate
investment in health systems

1.5

Proactive adaptation:
Proactive adaptive
0 management; higher

Limited ~ Incomplete ~ Proactive investment in health systems
adaptation adaptation adaptation

Global surface temperature change (°C)

* Mortality projections include demographic trends but do not include future efforts to improve air quality that reduce ozone concentrations.

IPCC ARG Fig. SPM 3 (2022)
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CB IAMs




Assess pathways to achieve

Adaptation in CB IAMs o

Total impact costs

Costs

Residual
damage costs

Adaptation costs

None Full
Adaptation level

Source: Patt et al. (2010)



Adaptation in CB IAMs

Total impact costs

Costs

Residual
damage costs

Adaptation costs

None Full

Adaptation level

Source: Patt et al. (2010)

Costs

Assess pathways to achieve
different policy goals given
varying constraints

Total
climate
costs

Total
impact
costs
Mitigation
costs

None

Full
Mitigation level




Cost-benefit assessment of adaptation

« FUND model (Tol, 2008): adaptation and mitigation as trade-offs
« Too high a level of mitigation may take resources away from
adaptation and in that way lead to more net damages
« DICE/RICE & AD-DICE/AD-RICE (Nordhaus, 1992; De Bruin et al., 2009):
Net damage function is a combination of the optimal mix of adaptation
costs and residual damages
« In DICE: mitigation is set by the marginal damage cost

« In AD-DICE: mitigation is set by the marginal residual damage +
adaptation cost

« What is optimal adaptation?



Restrictions on adaptation

Table 1. Description of various restriction levels for each scenario.

Scenario Weak restriction Strong restriction
0.9
Funding Adaptation costs upper limit is 100% of average Adaptation costs upper limit is 50% of
0.8
optimal level average optimal level
0.7 |
Quantity Adaptation upper limit is 100% of average Adaptation upper limit is 50% of average 0.6
—x— Strong restriction
optimal level optimal level 0.5 -

—a— Middle restriction

——Weak restriction

Excess  Residual damage lower limit is 100% of average Residual damage lower limit is 50% of — Optimal adaptation

Mitigation level
o
'

0.3
optimal level average optimal level
0.2 4
Delay Adaptation is not possible in first 30 years Adaptation is not possible in first 90 0.1 |
years o
) © ) ) ) o B ) )
. . , _ L R R I A LG S
Rigidity ~Adaptation cannot vary by more than 10% from Adaptation cannot vary at all from one
Time
one period to the next period to the next
Obsolete Adaptation is ineffective after 7° temperature  Adaptation is ineffective after 3° Figure 12: Optimal mitigation over time for various adaptation upper limit restrictions (scenario
increase temperature increase

A2) and the optimal.

De Bruin and Dellink (2011)
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b. Damage costs (NPV*)
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Cost-benefit assessment of adaptation

« Efficiency or utilitarian framing of adaptation (see Singh et al., 2021):

« Adaptation effectiveness is defined though optimization, parsimony or
utility maximization

« Benefits of adaptation can be fully estimated and defined in financial
terms

 If framed only around economic damage reduction, it might favor
those with largest assests

« Models rarely account for barriers such as financial, institutional,
informational, or behavioral obstacles that limit adaptation in practice
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Adaptation in process-based IAMs PRISM
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“Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
Infrastructure and Environment Executive Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.” 15
This project has received funding from the European Union's Horizon Europe programme under grant agreement No 101081604.
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Adaptive capacity




Conventional representation of adaptation

- B
L7 .
n ! / - / « Adaptation potential reduces

7, at higher levels of warming,

otintl because adaptation
effectiveness reduces (IPCC,
2022)

 Stylized representations of
adaptation typically assume
unconstrained/unconditional

Risk of climate change impacts

| 11 N

Lower Medium Higher ada ptatlon
warming warming warming
/ Potential of adaptation Residual
/ to reduce risks risk

Andrijevic, M., Schleussner, CF., Crespo Cuaresma, J. et al. Towards scenario representation of adaptive capacity for global climate change

assessments. Nat. Clim. Chang. 13, 778-787 (2023).




Conventional representation of adaptation
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Adaptation :

potential Socioeconomic constraints to and enablers of
adaptation (IPCC, 2022)
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18 Andrijevic, M., Schleussner, CF., Crespo Cuaresma, J. et al. Towards scenario representation of adaptive capacity for global climate change

assessments. Nat. Clim. Chang. 13, 778-787 (2023).




Conventional representation of adaptation
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Conventional representation of adaptation
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Implications

« Unconstrained adaptation is an overly optimistic assumption,
not least because adaptive capacity is unequally distributed
around the world

 Risks of climate impacts could be underestimated



Our proposal: integrate
quantified adaptive capacity
Into global models



Integrating quantified adaptive capacity into models

« Conceptualization of adaptive
capacity similar to Nussbaum and
Sen’s understanding of
capabilities: a local actor to
pursue (or not) a desired
adaptation action

» The socioeconomic factors FREEDOM
underlying adaptive capacity can
be assessed, described and Amartya Sen

DEVELOPMENTAS  Creating Capabilities

VELOPMENT APPROACH

MARTHA C. NUSSBAUM

p rOjeCted in Iine With the SS PS Source: Oxford University Press Source: Harvard University Press

29.08.2025




What are the dimensions of adaptive capacity?

Indicators for social and economic coping
capacity—moving toward a working

« Composite indicators of socio-economic and definition of adaptive capacity

sometimes environmental dimensions Cae’ & 1, Qdad s Tl

Existing approaches vary in the scale at which N v oo oo spton e

they are applied (local, regional, global)

A new composite climate change

 Similar in the higher-order dimensions: vulnerability index

economic and financial capital, human capital s 00 cacion o =

and institutions methods, and findings Ina fragmented feld
° NO g|0ba| prOJeCtlanS tO date How inequitable is the global distribution of

responsibility, capability, and vulnerability to
climate change: A comprehensive indicator-

based assessment
25
Hans-Martin Fiissel 2 =




Integrating quantified adaptive capacity into

models

(d) Constraints that make it harder to plan and implement human adaptation
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Indicators consistent with the SSP scenarios

Dimension Indicator Publication(s)
GDP per capita Refs. 71-74
ECOHOP“C/ Structural change Ref. 75
financial
Extreme poverty Ref. 76
I’ Income inequality Ref. 77
/f'ﬂ Urbanization Refs. 78,79
Remittances Ref. 80
Governance Ref. 81
Governance/
institutions Government effectiveness Ref. 81
ﬁ Control of corruption Ref. 81
o Rule of law and civil liberties Ref. 82
Population size Ref. 83
Human
capacity / Age structure Ref. 83
information Educational attainment Ref. 83
f@f\ Mean years of schooling Ref. 83
(]: Human Development Index Ref. 84
Migration flows Ref. 80
Social/cultural ~ Gender Inequality Index Ref. 85
Gender gap in mean years of Ref. 83

@

schooling




Integrating quantified adaptive capacity into

models

Economics

Information,
Awareness &
Technology

Finance

Figure TS.7, WGII IPCC 2022
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/fﬂ Urbanization Refs. 78,79
Remittances Ref. 80
Governance Ref. 81
Governance/
institutions Government effectiveness Ref. 81
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Human
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a Identification of the adaptation gap

Climate risk:
heat stress exposure
=
Pop. ’f
share T
(%) P
l75 |
50
—25

share

(%)

75
50
25

Adaptation:
air conditioning ownership

Adaptation gap: population
exposed to heat stress without air conditioning

=

Pop.
share
(%)

75
50
25

Based on Andrijevic, M., Byers, E., Mastrucci, A., Smits, J., & Fuss, S. (2021). Future cooling gap in shared socioeconomic pathways. Environmental Research Letters, 16(9), 094053.




a Identification of the adaptation gap

Climate risk: Adaptation: Adaptation gap: population
heat stress exposure air conditioning ownership exposed to heat stress without air conditioning
e "-7 { - e
Pop. . R 5 Pop. = e : Pop.
share * 4 edn ) — | share ™% i - = | share |
w _ % A A3 %) -
5 e 3 75 75
-25 _' 25 ‘ 25
b identification of adaptive capacity Income

inequality
Example: regression analysis

Adaptation option = B, + B.X, + B, X, + ... + B X + €, GDP per
i capita

Set of socio-economic covariates
Urbanization

Based on Andrijevic, M., Byers, E., Mastrucci, A., Smits, J., & Fuss, S. (2021). Future cooling gap in shared socioeconomic pathways. Environmental Research Letters, 16(9), 094053.



a Identification of the adaptation gap

Climate risk: Adaptation: Adaptation gap: population
heat stress exposure air conditioning ownership exposed to heat stress without air conditioning
o ’; A y
Pop. § Pop. . e o Pop.
share qf — | share "™ i ‘ J- ¢ = | share
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b identification of adaptive capacity

Example: regression analysis

Income
inequality

80 -

60 -

40 4

Share of the population (%)

Adaptation option = B, + B.X, + B, X, + ... + B X + €, GDP per
capita
Set of socio-economic covariates
Urbanization
C Projections of the adaptation gap (RCP4.5 and five SSPs)
Central Asia Europe South Asia Sub-Saharan Africa
Scenario
— SSP1
SSP2
- 5SP3
SS5P4
o- L

T T T T T
2020 2040 2060 2080 2100
Year

T T T T T
2020 2040 2060 2080 2100
Year

T T T T T
2020 2040 2060 2080 2100
Year

T T T T T
2020 2040 2060 2080 2100

Year
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Water (mal-)adaptation PRISM.

Main determinants
of capacity
Sector/Technology development Risk of maladaptation

Desalination GDP, governance Energy, electricity or gas
Wastewater GDP, climate, institutions Energy, environmental/health risks
treatment/recycling

Technology use in Industrialization, climate, Use of electricity and fertilizers,
agriculture governance overuse of water resources

“Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
Infrastructure and Environment Executive Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.” 33
This project has received funding from the European Union's Horizon Europe programme under grant agreement No 101081604.




PRISM.

Regional Desalination Trends
Cumulative Desal = Cumulative Desal (t-1) + Water Stress + Aridity + GDP + Population + Urbanization
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“Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
Infrastructure and Environment Executive Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.” 34
This project has received funding from the European Union's Horizon Europe programme under grant agreement No 101081604.




Model integration

« CIMs can use scenario-specific and time-
varying adaptive capacity to parameterize
adaptation-relevant inputs

« Example model inputs: technologies to
improve crop yields, policies to manage
water allocation or finance for building dams

« TAMs can use adaptive capacity as part of
the integration of climate impacts into
mitigation scenarios

29.08.2025
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(Dynamic) adaptation pathways

e A support tool for decision-making
under uncertainties

o Effectiveness of adaptation options
changes over time, requiring further
adaptation actions

o Alternative pathways are possible
e Pathways map shows options and
potential transfers if adaptation
thresholds and limits are reached

Signals /
to adapti’

/ _Locked- out pathway

Source: Review of decade of adaptation pathways
studies (Haasnoot et al., 2024)



Adaptation pathways

Burning embers and illustrative adaptation pathways for risks to human health from heat, in Europe (Key Risk 1)

(a) Heat stresss, mortality
and morbidity

A

Global warming level  Low

Heat proof

Lead time (8
land —
development e
Now ——|

Air conditioning

Building __ l \ J_q

ang ) |
interventions [ 1 N
Behaviour Y { —J

change -~

Medium  High

(b) Pathway to achieve high adaptation to heat stresss, mortality and morbidity in Northemn Europe

i. Heat proof land development takes fime to
become effective (+++) and is bundled with
other measures to achieve high adaptation
as warming increases (+**).

ii. Air conditioning alone is not enough and is
combined with behaviour changes and/or
building interventions (++)

iii. For high warming heat proof land
development might still be needed (++).

iv. Building interventions have low to medium
effectiveness and need to be combined with
other measures at higher warming (+¢).

(c) Pathway to achieve high adaptation to heat stresss, mortality and morbidity in Southern Europe

4°C
) 5 . ~ Health
£ ¥C L . action plans
o to enable
2 implementation
°E=i 2°C :
& °
=
8
E 1°C ° | o
3 I k
8
Q
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Present or H?h‘
medium adaplation
adaptation
Level of risk  Confidence
Il Very high .
- High s s =
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Soge1ral? o o
deecame action plans
. to enable
The ember colour gradient implementation

indicates the level of additional
risk to society and ecosystems
as a function of global
temperature change.
Confidence is provided for the
change of risk level at given
temperature ranges.

Global warming level  Low

Heat proof .
land —
development

Air conditioning — (* ) A}

interventions
Behaviour .
change —

| )
Now —<—| ’ i
| L

Building _ /) & J

Medium  High

v

i. Measures are to be implemented and
combined earlier in Southern Europe due to
higher risk (++).

il. There is less that can be achieved with
behaviour change because there is already
extensive culture of heat in Southern Europe

iii. Building interventions are crucial to be
combined with other measures earlier since
they have low to medium effectiveness ().

iv. Heat proof land development is needed for
high warming levels (+).

Bednar-Friedl, B., et al., 2022: Europe. In: Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of

Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change




Heat action plans

O

Urban planning

G

Heat early warnings

Air conditioning G \_\
reen roofs ~
/
Cooling centers \

U/

Behavioral change

C

e

Low High
Warming level

Work in progress — please don't cite

Types of actions

() Adaptation implementation

® Adaptation tipping point
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Types of actions

\ = () Adaptation implementation
()

[ Adaptation tipping point
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\ lllustrative scenarios
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Work in progress — please don't cite




Types of actions

() Adaptation implementation

[ Adaptation tipping point

lllustrative scenarios
B—— SSP1-RCP1.9-Transformative

E—= SSP2-RCP6.0-Incremental

Low .
Warming level

Work in progress — please don't cite




Types of actions
() Adaptation implementation

[ Adaptation tipping point

lllustrative scenarios
B—— SSP1-RCP1.9-Transformative

E—1 SSP2-RCP6.0-Incremental
[ =1 SSP3-RCP6.0-Fragmented

Low _
Warming level

Work in progress — please don't cite




How we envisage the result

C
Adaptive capacity
scenario

%

Risk for a given
warming scenario

Climate risk with(out) adaptation

Residual
— risk with
- SSP3
Residual
— risk with
SSP1

Time

Andrijevic, M., Schleussner, CF., Crespo Cuaresma, J. et al. Towards scenario representation of adaptive capacity for global climate change

assessments. Nat. Clim. Chang. 13, 778-787 (2023).




Implications for loss and damage?

Adaptive capacity

SSP3 ) .
_ Risk for a given
- warming scenario

» Could this help to
assess loss and
damage?

Residual

_riskwith * Can limits to

Climate risk with(out) adaptation

| Sor adaptation be
Residual established through
e limited adaptive
capacity?

Time

Andrijevic, M., Schleussner, CF., Crespo Cuaresma, J. et al. Towards scenario representation of adaptive capacity for global climate change

assessments. Nat. Clim. Chang. 13, 778-787 (2023).



Summary

« In climate impact models (CIMs) and integrated assessment models
(IAMs) adaptation tends to be represented in a highly stylized way (e.q.,
maximum response Vs none)

« Difficult, complex, contextual — but also little out there that these
models could use

« Adaptive capacity can be projected and linked to a portfolio of adaptation
options for a more realistic representation

« Further advances in incorporating pathway logic for adaptation needed in
CIMs and IAMs



Equity-relevant research questions

Level and distribution of:

 adaptation needs
 adaptation costs
« adaptive capacity

Risks of maladaptation

Emergence and distribution of limits to adaptation

Integrated understanding of adaptation, mitigation and residual
Impacts
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