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Abstract

Ocean state estimation is fundamentally a form of data analysis using ocean circulation models. While most applications focus on the estimated state as a proxy for observations, this perspective underutilizes the full capability of the estimation system. In particular, the underlying modeling system contains additional dynamic information that is not always apparent from the state alone. This limitation is especially relevant for observing system design, where traditional approaches often rely on sample covariances to infer relationships among processes, whereas the modeling framework evaluates them explicitly in a physically consistent manner.

Models constrained by observations provide a unique capability to perform controlled “experiments” on the ocean. These experiments enable direct investigation of the causal mechanisms driving ocean variability and quantify how observations constrain the system.

Here, we demonstrate how the modeling system developed by the consortium for Estimating the Circulation and Climate of the Ocean (ECCO) can be used to diagnose ocean dynamics and inform observing system design. ECCO’s adjoint model enables efficient sensitivity analysis, providing a form of model-based calculus allowing attribution of ocean variability to its causal elements. Complementary forward modeling elucidates the ocean’s response to these controls.

Together, these tools provide a powerful framework for diagnosing ocean processes and guiding the design of observing systems aimed at monitoring and predicting ocean variability. To support broader applications, ECCO has developed the ECCO Modeling Utilities (EMU), a freely available, menu-driven, containerized implementation of its modeling system. EMU makes these capabilities accessible without requiring specialized modeling expertise, opening the door to routine, dynamically consistent analyses using ECCO’s modeling system.  




 

