
An (incomplete) overview of adaptation in 
global impact models and IAMs

Marina Andrijevic

Energy, Climate and Environment (ECE) Program

Utrecht Summer School on Climate Impacts and Equity

July 8, 2025



• Adaptation in:
• Climate-impact models 
• CB-IAMs
• Process-based IAMs

• Adaptive capacity measures

• Adaptive capacity in scenarios

• Discussion 

Content



3
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.



Climate impact models
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Adaptation to risks of sea level rise 

IPCC SROCC Fig. SPM 2 (2019)
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Adaptation in health

IPCC AR6 Fig. SPM 3 (2022) 



CB IAMs
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Adaptation in CB IAMs

Source: Patt et al. (2010)



Adaptation in CB IAMs

Source: Patt et al. (2010)
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• 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?

Cost-benefit assessment of adaptation
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Restrictions on adaptation

De Bruin and Dellink (2011)



RCP-SSP matrix for damage+adaptation costs

Gross damage
function
(COACCH p95)

Adaptation costs
(AD-RICE, 2010)
(update through 
ACCREU)

Adaptation 
readiness
(Andrijevic et al., 
2019)

+

+

Source: van Wijst et al., (forthcoming)
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• 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

Cost-benefit assessment of adaptation



Process-based IAMs
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Adaptation in process-based IAMs



Adaptive capacity
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• Adaptation potential reduces 
at higher levels of warming, 
because adaptation 
effectiveness reduces (IPCC, 
2022)

• Stylized representations of 
adaptation typically assume 
unconstrained/unconditional 
adaptation

Conventional representation of adaptation

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).
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Conventional representation of adaptation

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).
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Conventional representation of adaptation

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).
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Conventional representation of adaptation

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).



Bottom line: 
models do 
not 
incorporate 
the extent to 
which 
societies 
could adapt
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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 
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Our proposal: integrate 
quantified adaptive capacity 
into global models
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• 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 
underlying adaptive capacity can 
be assessed, described and 
projected in line with the SSPs

Integrating quantified adaptive capacity into models

29.08.2025

Source: Oxford University Press Source: Harvard University Press
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• Composite indicators of socio-economic and 
sometimes environmental dimensions

• Existing approaches vary in the scale at which 
they are applied (local, regional, global) 

• Similar in the higher-order dimensions: 
economic and financial capital, human capital 
and institutions

• No global projections to date

What are the dimensions of adaptive capacity?

29.08.2025
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Integrating quantified adaptive capacity into 
models

Figure TS.7, WGII IPCC 2022

Indicators consistent with the SSP scenarios
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Integrating quantified adaptive capacity into 
models

Figure TS.7, WGII IPCC 2022

Indicators consistent with the SSP scenarios



Cooling gap example
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.
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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.
29.08.2025
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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.
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Adaptation in the PRISMA project
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Risk of maladaptation

Main determinants 
of capacity 
developmentSector/Technology

Energy, electricity or gasGDP, governanceDesalination

Energy, environmental/health risksGDP, climate, institutionsWastewater 
treatment/recycling

Use of electricity and fertilizers, 
overuse of water resources

Industrialization, climate, 
governance

Technology use in 
agriculture

Water (mal-)adaptation
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Source: Andrijevic and 
Vinca, in prep
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• 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 

• IAMs can use adaptive capacity as part of 
the integration of climate impacts into 
mitigation scenarios

Model integration

29.08.2025

A desalination plant in Dubai, UAE. Richard Allenby-Pratt Getty Images



Recent advances
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• A support tool for decision-making 
under uncertainties 
• Effectiveness of adaptation options 
changes over time, requiring further 
adaptation actions

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

(Dynamic) adaptation pathways

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

Bednar-Friedl, B., et al., 2022: Europe. In: Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of 
Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change
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How we envisage the result

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).
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Implications for loss and damage?

• Could this help to 
assess loss and 
damage? 

• Can limits to 
adaptation be 
established through 
limited adaptive 
capacity?

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).
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• In climate impact models (CIMs) and integrated assessment models 
(IAMs) adaptation tends to be represented in a highly stylized way (e.g., 
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

Summary
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• 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

Equity-relevant research questions
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