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Abstract

Pacific Small Island Developing States (SIDS) face acute and growing vulnerability to climate-related hazards, including tropical cyclones, marine heat waves, flooding, drought, and sea-level rise. As the frequency and intensity of these events increases, Pacific SIDS require accurate, timely, and actionable ocean and weather information to support early warning systems and protect human and environmental health.

Through the UNEP CIS-Pac5 project, we are developing high-resolution CROCO 3D ocean circulation models as operational forecasting systems, delivering weekly predictions for real-time applications. Systems are now operational for the Solomon Islands and Niue, with Tuvalu and Cook Islands under development. Model outputs — including temperature, salinity, currents, and sea surface elevation — support applications critical to Pacific Island resilience, with fit-for-purpose data products being co-developed with local stakeholders. Potential applications include: maritime safety, where current forecasts could provide vital information for navigational warnings and search and rescue; coral reef conservation efforts, which could benefit from local marine heat wave forecasting; and fisheries management, where models could identify productive zones and species-specific isotherms to maximise catch per unit effort.

A key challenge in data-sparse regions is model validation, particularly in the coastal zone. Nearshore water quality sensors monitoring temperature, salinity, pH, turbidity, chlorophyll, and dissolved oxygen are being deployed alongside the modelling effort. Machine learning methods are being explored to link coastal model outputs to these nearshore observations. For the Solomon Islands, temperature-at-depth observations collected by the tuna fishing industry through FVON are being used to validate and improve model performance.

This work demonstrates a practical, co-designed approach to building fit-for-purpose ocean forecasting capacity in some of the world's most climate-vulnerable nations, highlights critical observational gaps, and presents an opportunity to use models to optimise ocean observing systems in remote and resource-limited environments.
