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Research Overview Multi-Grid Adjoint Approach

TRADITIONAL ADJOINT METHODS

The Surface Water and Ocean
Topography (SWOT) mission provides
unprecedented spatial resolution,
resolving fine-scale ocean features.
However, its 21-day repeat cycle
leaves substantial spatiotemporal
gaps, limiting the observation of
rapidly evolving processes. Therefore,
data assimilation is essential to

The adjoint-based state estimation framework brings the model state into
agreement with observations, within error estimates, by adjusting a set of
control variables m (such as initial conditions or surface boundary
o conditions). This approach is formulated as an optimization problem, where
altimetry a cost function J is minimized with respect to m, subject to the governing
model equations.
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adjoint-based state estimate constrained by SWOT observations.

CHALLENGE: Traditional adjoint methods are infeasible at high

resolutions due to strong nonlinearities and large computational costs. Approximating the adjoint model on a coarser grid improves stability and
significantly reduces computational cost.

MULTI-GRID ADJOINT METHODS

APPROACH: Implement a multi-grid adjoint using automatic
differentiation that approximates the adjoint model on a coarser grid.
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Such a high-resolution discretization of a global general circulation cost w.r.t. contro] variables

model is required to permit mesoscale eddies and internal tides, which
are critical for capturing the small-scale dynamics observed by SWOT.

ADJOINT-BASED DATA ASSIMILATION Multi-Grid Adjoint Method in Use

Unlike sequential methods, adjoint-based data assimilation approaches As a preliminary test, we implement the multi-grid methodology in the
enforce dynamical consistency and are fully interpretable. They act as Labrador Sea, a small regional domain, with a 1" resolution forward model
dynamically and kinematically consistent interpolators to fill iIn and 1 resolution adjoint model.

observational gaps and connect surface topography to the ocean interior.
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Figure 2. The analysis increment of sequential DA violates the equations _ o _ _ L
of motion, while adjoint-based DA maintains dynamical consistency. Figure 3. The misfit, used in the cost Figure 4. Sensitivities of the model-
calculation, compares model output data misfit to atmospheric forcings

to SWOT data in January 2024. are strongest near SWOT swaths.
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1. Create a state estimate based on SWOT and nadir altimetry
observations in a Lresolution configuration of the Labrador Sea.

2. Extend the regional state estimate to a global ocean state estimate.
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