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HOW THIS FITS TOGETHER

1. A stochastic model to fit the observations.
2. A kinematic model to interpret the parameters.

3. A dynamical model that explains the parameter
values.



THE STOCHASTIC MODEL

* The stochastic model is chosen to capture the
observed variability ot the Lagrangian drifters.
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A KINEMATIC MODEL

* T'’he kinematic model tells us how to interpret the
statistical model and its parameters as fundamental
physical concepts.

 For example, the diffusivity, background slope,
oscillation frequency, damping parameter all
correspond to kinematic models for particle
motion.




A DYNAMICAL MODEL

 Finally, we need a dynamical model to explain the
particle values ot the parameters.

» (Gan we explain the observed turbulent
background parameters with QG, SQG or

frontal dynamics?

» What physical processes contribute the
damping parameter?

» How about changes in oscillation frequency?



ONE PATH FORWARD...

e Given that,

1. we trust the mathematicians’ statistical model
describes the observations well,

2.we are starting to get a handle on the kinematic
interpretation of the model parameters,

* what is the simplest dynamical model of
the ocean that can reproduce all the

kinematic elements of the stochastic
model?



WHY SIMPLE?

* Using a simply dynamical model allows us to more
easily diagnose how difterent physical processes
control different parameters in the stochastic
model.

» Conversely, if we find that the simple dynamaical
model does not reproduce an observed parameter,
but a more robust dynamical model does (e.g.,
Danioux), 1t becomes much easier to find the
missing physics.




WHY SIMPLE?

» “It can scarcely be denied that the supreme goal of
all theory 1s to make the irreducible basic elements
as stmple and as few as possible without having to
surrender the adequate representation of a single
datum of experience.” — Einstein




WHAT DYNAMICS?

* We suspect our model should include low-
frequency turbulence. Maybe something like QG
or SQG will match observed parameters?

» It’s also pretty clear our model should include
inertial oscillations—and a way to extract energy
from those oscillations.



INGREDIENT 1: INERTIAL
OSCILLATIONS
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Something damped-slab like reproduces
something that looks like the Complex
Ornstein-Uhlenbeck process.



INGREDIENT 2:
TURBULENT BACKGROUND

, Negative Rotary Spectra of Model Positive Rotary Spectra of Model
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Quasigeostrophic (QG) dynamics reproduces
something that looks like the Matérn process.



QG TURBULENCE

Lagrangian floats, day O

Relative vorticity
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QG TURBULENCE

Lagrangian floats, t=0 day

Relative vorticity
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PROPOSED DYNAMICAL
MODEL rigid hid
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EQUATIONS OF MOTION

Momentum
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2 INTERNAL MODES

» Barotropic Mode (ML & 'I'LL motions)
i 1) U o ¢’ = g(Hy + Hy)

» Baroclinic Mode (Primarily ML. motions)
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= Near geostrophic barotropic mode, and near
iertial baroclinic mode would be a good model.
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EQUATIONS OF MOTION

Momentum
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SCALES

‘Inertial’ equation scales
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‘EASY’ ASSUMPTIONS

* Primary inertial balance requires,
—1
TI ~ fO
» Primary geostrophic balance requires,

» No velocity scale separation,
Ug = Uj

1



LENGTH SCALE
ASSUMPTION

* Pure mnertial oscillations have infinite length scale,
SO We can assume

Lg/L[%€

» However, 1f the length scale of the geostrophic
eddies 1s modulating the inertial oscillations, then

Lg/L[ ~ 0(1)

* but maybe the ¢ffect 1s lower order? We start with,
Lo/Li =~ ¢



THE FINAL ASSU

» Changes 1n the mixed layer thickn
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depending on its context. Althoug
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ALL ARE SCALES FIXED

* l'hese choices of scales ix N; /N, =0(1)
Ur/Uc =0(1)

T7/Te =0(¢)

Li/Lg =0(1/¢)

* 'The relative magnitude of all the terms 1n the
equations are now determined.

* So let’s do an asymptotic expansion!
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AT O(1)

Inertial Equations
diu7 — fv] =7
Ouv} + fuj =7,

Oy =0xug + Oyv]

Geostrophic Equations
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THROUGH O(E)

Inertial Equations
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Geostrophic Equations
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UPSHOT

» Geostrophic motions evolve independent of the
inertial motions.

* Inertial motions couple to the (relatively) slowly
varying geostrophic background.

» T'hese equations meet the original goal.

» Result consistent with Young & Ben Jelloul



FREQUENCY SHIFTING

» Equations of motion for the inertial motions are,
wiy == @l 4= 91k, — 1 — g =10
U - WG - @ e T Gy =0
ne — Hiugy — Hyivy, =0

e But can be rewritten as...

Following Chavanne, et al.



FREQUENCY SHIFTING

Equations of motion
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¢ =V, — U, vorticity

6 =U, +V, divergence

os =V, + U, shear strain

gl iormal strain



FREQUENCY SHIFTING

» Pure 1mnertial solutions are periodic with frequency
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WHAT’S NEXT

* How do we

handle damping in the mixed layer?

* 'Iry the asymptotic analysis using multiple time
scales 1n order to avoid the gooty time scaling.

* Model the coupled the equations and see how close
we get to observed parameters with this first guess.

e How does t]

n1s look compared to drifter from a

primitive ec

uation model (e.g., Danioux)?



