
A. Inference Core Bayes/Filtering

Likelihood
p(yt | xt)

Prior
p(xt | y1:t−1)

Posterior
p(xt | y1:t)

MAP / EnKF / PF
x̂t = argmax p(xt | y1:t)

Jx = ∂x
∂s

Jt =
∂t
∂s

Jy = ∂y
∂s det J

B. Observation Geometry Sensors/Projections

Observations
yt = Hxt + ηt

Lagrangian Tracers
ṙ = u(r, t)

Embedding / Hilbert Space
Φ : Rn → H

Takens/Kernel feature maps enabled

Jx = ∂x
∂s

Jt =
∂t
∂s

Jy = ∂y
∂s det J

C. Physics Prior Dynamics/Constraints

QG / SWE
ẋ = f(x, t) + ξt

Conservation
∇· u = 0, E(k) ∼ k−5/3

Numerics
ARK4 / RK4, spectral ops, diffusion/forcing

Jx = ∂x
∂s

Jt =
∂t
∂s

Jy = ∂y
∂s det J

D. Coupling & Roadmap Pipelines/Deliverables

Coupling
y ↔ x (DA loop)

Metrics
RMSE, Corr., Spectra

Roadmap
Online DA → Digital Twin → UQ

Jx = ∂x
∂s

Jt =
∂t
∂s

Jy = ∂y
∂s det J
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