Effects of Spatial Constraint on Clustering-Based Sea-Surface Observation Targeting for Typhoon Forecasting
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Abstract
Accurate typhoon forecasting requires effective deployment of limited in situ observations over the ocean, especially where satellite remote sensing is degraded near the storm inner core and under heavy precipitation. Since 2021, we have conducted sea-surface atmospheric observations southeast of Okinawa using autonomous surface vehicles and buoys. To support future sustained typhoon observations, we seek to establish an effective method for identifying observation locations with high forecast impact.

In this study, we use Typhoon Hinnamnor (2022), which was one of the typhoons observed in our field observations, as a case study and conduct simulation-based targeted observation experiments. We apply adjoint sensitivity analysis using the 15-km resolution Weather Research and Forecasting model (WRF-ARW) and its data assimilation system (WRFDA) to evaluate sensitivities of the 6-h forecast central pressure, defined as the minimum pressure at the lowest model level within 100 km of the storm center, to initial perturbations in pressure.

In our work, clustering was introduced to reduce spatial redundancy among sensitivity-ranked candidate points. In this presentation, we further examine the effect of imposing a spatial constraint on the clustering domain. Specifically, the sensitivity distribution is used to define candidate observation locations, and clustering is applied only within the strong-wind region. From this constrained domain, five representative points are selected, and synthetic sea-surface temperature and pressure observations at those points are assimilated in observing system simulation experiments (OSSEs).

Preliminary results show that the forecast minimum pressure after assimilation becomes closer to that of the nature run. However, the magnitude of the correction remains small, suggesting that the current setting provides only limited additional benefit. Further experiments with different numbers of points and variable combinations are underway. These results will help clarify how spatial constraints affect the efficiency of clustering-based observation targeting for typhoon forecasting.
