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Infrastructure systems are deeply interdependent, meaning that failure in one network can cascade across others and
amplify the disruption experienced by communities. Traditional risk assessments typically measure direct physical
exposure, such as inundated buildings, but overlook how interconnected utilities and transport systems propagate failure
and constrain recovery. This research advances a multi-layer, spatially explicit modelling framework to quantify these
cascading effects, bridging physical infrastructure analysis with economic and social dimensions of community
functionality.

Using Christchurch, Aotearoa New Zealand, as a case study, we couple hazard exposure models with network dependency
analysis and accessibility metrics to simulate cascading failures across electricity, water, wastewater, and transport
systems. These are linked to spatial indicators of population, employment, and essential services to estimate indirect
economic losses and reductions in service access under flood and sea-level-rise scenarios.

The results demonstrate that including cascading and compounding effects more than doubles the estimated population
and businesses affected, substantially altering priority rankings for adaptation investment. Areas appearing low-risk under
conventional exposure metrics emerge as high-priority once interdependencies and downstream impacts are included.
This has significant implications for risk management and adaptation planning.
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