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Importance of Relative Dispersion in ocean
models.

RD study from 3 numerical models.

- Spectral operator in a 2D turbulence model
- Buoyant coastal Jet (ROMS) at different resolutions.

- Gaussian filter in the Gulf Stream region (HYCOM
1/12° Atlantic simulation)

Scaling by the Okubo-Weiss parameter
Summary



Importance of relative dispersion. 1: FSLE maps

FSLE maps or local Finite Scale Lyapunov Exponent is defined as:

Alx,t,6;,7) = 1 log r where tis the time required for particle pairs to
1 separate from &ito r x &i . rdriatic Son
(NCOM)

Type of launch configuration: Gulf Stream (MICOM )

(b): ref. and sat particle frajectories

Help define the natural transport barriers of the flow
» targeting drifter launches.

» visualize transport of pollutants & fish larvae.. Etc.




Importance of relative dispersion. 2: Dispersion regimes

Statistics of RD defined as:

DA(t) =< [xB(@) —xP @) 2 > Relative dispersion
(for all particle-pairs)
i 1 dD? : . :
ﬁ(t) A 5? = (D(t, Dg) . 5V(fJD{])> Relat|Ve dlfoSIOn
In(c) FSLE value for the scale 6
ANO) = ——x5— (<> = averaged time for all
< 7(8) > &
particle pairs to separate from

distances 6 to a)

Applications: define the dispersion

regimes at all scales <& hyperbolic region
> Investigate conditions for an | (particles separate at an
exponential regime at small scales. exponential rate).

Poje et al., JPO 2002.




Relative dispersion from numerical models

From previous study in the
Adriatic Sea with NCOM
(horizontal grid = 1km):

-R.D. (6 > 2xRd) well captured
(governed by eddies and jets),

follows power laws in time and space.

- R.D. (6 < 2xRd) displays an
exponential regime, but is very
sensitive to the type of launch
configuration and FSLE method of
computation.
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Relative dispersion from numerical models

HYCOM 1/12° surface velocities

IR

HYCOM configuration:

- 1/12° horizontal grid, 32 vertical layers.

- Atlantic basin, 28°S to 80°N.

- Particles launched between Cape Hatteras and

the Grand Banks.

Comparison with latest observations
(Lumpkin et al., 2009):
- RD (6 > 2xRd = 100km) is correct.

- RD (6 < 100km) exponential in the model

only.
» Knowledge of the small scale

dispersion regime remains elusive.
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Reducing the resolution in HYCOM outputs and impact on the R.D.
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Barotropic 2D turbulence model

2D vorticity equation:

g—j + J(¢,w) = F(w)+ D(w)

w = V%

The particles are advected with
truncated spectral modes:
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D? & FSLE (2D turbulence model)

- Exponential regime
extended.
- Different power-law

at intermediate times.

- Diffusive at longer
times.

- Exponential regime
extended to larger
scales.

Richérdson écalingl

D*(t)

A(6)



Buoyant coastal jet (ROMS)

Configuration:

- 580km x 258km, H=150m, 20 sigma
layers.

-5 experiments of different horizontal
Resolution: Ax =8, 4, 2, 1, and 0.5km.
-main features: Jet and development of
baroclinic instabilities.
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D? & FSLE (coastal jet ROMS)

- Exponential regime (extended with

coarser resolutions).

- Power law of 2.7 (™~ Richardson)

- Diffusive at large scales, except for
8km run.

- Exponential regime extended when
resolution \.

- Power law between Richardson and
ballistic.

- Hyperbolicity N when resolution .
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Okubo-Weiss parameter

The resolution dependent Eulerian quantity:

Q:Z s, SZ e w?_
. ; du Ov dv
BE=8 L8 B B
¥ 2 dr Jdy v dr
400

Q2< 0 < regions dominated by
rotation (little divergence).

Q2> 0 < regions dominated by
strain and deformation (exponential
divergence)
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where Sn, Ss are the normal and
shear components of strain, and w?
is the enstrophy.
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Okubo-Weiss parameter

Since Q ~ AU/Ax , its magnitude
increases dramatically with the
horizontal resolution.

Therefore, we define the quantity:

G =A / V@R2dA

(with Q% > 0 only) is an Eulerian
guantity similar to the average
hyperbolicity of the model fields.
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D? & FSLE scaled (2D turbulence)
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D?& FSLE scaled by Qm >0 (ROMS)
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D? & FSLE (HYCOM) scaled by Om
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What sets the highest FSLE?

Amax for ROMS & H

YCOM

experiments
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exponential regions in
between the coherent
structures

» Sets the maximum
separation at the small
scales.



Summary

e Short scale dispersion: defined by the spatial
resolution of Eulerian measures of velocity
gradients.

e Large scale dispersion: insensitive to resolution.
* Intermediate scales:

» resolution dependent, even at scales much larger
than the grid-scale.

» Increase in the extent of the exponential
separation regime..
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