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Introduction
Coastal regions urgently need to identify cost-effective solutions to adapt to ongoing sea-level rise (SLR). Given massive coastal urbanisation, these decisions involve hundreds of billions of USD per year in adaptation costs to protect trillions in asset values and about a billion people. Potential damages ramping up to as much as 10% of the global GDP by 2100 could be avoided with coastal adaptation. Because of the committed SLR due to climate system inertia — including the risk of ice-sheet disintegration — adaptation strategies are vital even if climate change would stabilise at 1.5 or 2 degrees above pre-industrial temperatures. Despite this grand challenge, substantial gaps remain in the understanding and modelling of coupled coastal biogeophysical and socio-economic dynamics. These gaps can hinder effective policy- and decision-making, especially at the subnational and city level.

Objectives
With trillions of USD in assets facing climate-induced sea-level rise, oversimplified economic models might misinform responses. By capturing non-linearities in interconnected socio-economic and biogeophysical domains — and their local to global co-evolution — complexity science applied to sea-level rise uniquely enhances robust adaptation policies. Here we aim to showcase how actionable solutions can enhance models of the economics of SLR.

Methodology
We collected, ordered, and linked key ideas discussed during the invitation-only workshop "Challenges in Modelling the Economics of Sea Level Rise" held at San Servolo island (Venice, Italy) on 15th-16th May 2023. The key ideas raised during the discussion were collected into two groups: 1) Questions and Issues, and 2) Avenues for Solutions. The links between the elements of these groups were recorded and a map of linked concepts was built using the Cmap software. This conceptual map is visualized as a Sankey diagram, providing a clear representation of the relationships between issues and solutions. To analyse the structural characteristics of this map, particularly the interactions between issues and between solutions, it was transformed into a bipartite network. From the bipartite network, two one-mode projections were generated.

Findings
Here we present an emergent hierarchy of intertwined modelling solutions responding to this challenge. We highlight the need of integrating spatially disaggregated risk assessment tools to address SLR nonlinearities and non-equilibrium phenomena, to feed decision support tools comprising cost-benefit or multi-criteria analyses. Models connecting macro-financial feedback loops relevant for fiscal policy with risk-related local socio-economic tipping points in hazardous areas would provide new insights for dynamic adaptive policy under continuous learning. We show that enhancing climate and socio-economic models with complexity science and behavioural research can improve robust decision making for adaptation.

Significance of the work for policy and practice 
Overall, these solutions could help addressing the limitations of traditional approaches nowadays predominantly deployed in SLR economics. They could mitigate in particular the problems of risk underestimation, and maladaptation leading to costly lock-ins or to actions increasing inequalities, while supporting near- to long-term robust decision making.





