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Context and motivation
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Context and motivation: Modeling Internal Tides

Kinetic Energy

1500

Depth (m)
W on N
R -]
8 8§ 8

g

4000

4500

m’s?

Flgu I'€  Arbic et al. Oceanography.2012: (Left) Amplitude (cm) of the M2 internal tide signature in
steric sea surface height. (Right) Vertical Distribution of M2 tidal Kinetic Energy for current meters
observation (obs) and HYCOM simulation (model)

The COMODO project is the occasion to accurately compare models
output on important physical processes. The models differences highlight
potential error sources for a realistic representation of these processes.
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Experiments Set up

Cross—Shore Velocities- t =0.04day
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< 1500
» Ax=1lkm 8 S0
3000
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> at IeaSt 30 days 1Zzg*Geopotential—I
» 30 min output £ 2000
Q2500
» Forcing : oo
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z (km)

» biharmonic viscosit : .
Y Figure : HYCOM allows to run experiments

> No explicit vertical mixing ;4 the same initial conditions in fully

isopycnic or Z vertical coordinate
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Vertical Grid

Algorithm from the Primitive

0
Equation (PE) model NEMO,
500
Madec.2012): 1o
1000 ’,:,
) i by, — 1500 140 5
z; = hgyr + hgi — hy In [cosh(i)] (1) . s
cr < 2000 S
g_ 60 ﬁ
Surface resolution: 00 g
R {80 =
mean thickness of the surface 3000 =
layers above 100 m 00 100
4000

0 10 20 30 40 50 60 70
) Level
Bottom resolution :

mean thICkneSS of the bottom F|gu € . Example of vertical grid. The averaged surface and
layers from 3000m to 4000m.

bottom layer thickness are 5m and 100m, respectively
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Stratification

> Step Stratification: 2 layers
with surface layer of 50
meters thickness

» Uniform S ratlﬂcatlon
uoyancy requency

N=0.002

> 50 meters thick Surface
layer and Buoyancy

Frequency N=0.002 below
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Diagnostics: Baroclinic Mode

For a flat bottom area, the velocity field u can be projected on
vertical mode v(z) defined by the stratification

time = 0.0 days

d 1 d 1
() rara-o @ -

» C,: eigen values - Phase Speed

xtkm)

» 1(z): Eigen vectors - Vertical Profil 5 Modal velocities = model
velocity\

For a n level vertical grid = n-1 baroclinic
modes
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High resolution = Convergence 7 - Uniformly Stratified Ocean
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High resolution = Convergence 7 - Uniformly Stratified Ocean

Cross—Shore Velocities- 52 harmonic

1000 20
. 1500 18
» Coarse resolution, the z 2000 .
. . 2500
coordinate IT beam is 3000 Isopyenic u
narrower and steeper 3500 2.

100 200 300 400 500 600 700 800

Figure : Amplitude of the S2 harmonic of
the baroclinic cross shore velocities.
Bottom resolution: 300 meters.Redline:
Theoretical IT beam
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High resolution = Convergence 7 - Uniformly Stratified Ocean

coordinate IT beam is 2.0

» Coarse resolution, the z R
narrower and steeper -

> differences decrease with
the resolution.

005373 5 6 7 8§ 9 10
baroclinic mode

Figure : Modal velocities RMS differences
between the isopycnic and the Z solutions
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High resolution = Convergence 7 - Uniformly Stratified Ocean

mode5
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Figure : Temporal and spatial evolution of the
mode 5 velocities. Bottom layer thickness: 300
meters. Z and isopycnic coordinate
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High resolution = Convergence 7 - Uniformly Stratified Ocean

mode5
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Figure : Temporal and spatial evolution of the
mode 5 velocities. Bottom layer thickness: 100
meters. Z and isopycnic coordinate
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High resolution = Convergence ? - Uniformly Stratified Ocean and Mixed layer
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High resolution = Convergence ? Uniformly Stratified Ocean and Mixed layer

> With surface mixed layer, Z

. . o Cross—Shore Velocities- S2 harmonic
coordinate solution are more y
energetic

Depth (m)

Figure : Amplitude of the S2 harmonic of the
baroclinic cross shore velocities
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High resolution = Convergence ? Uniformly Stratified Ocean and Mixed layer

> With surface mixed layer, Z

coordinate solution are more 10° e
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Figure : Kinetic energy per mode for Isopycnic
and Z coordinates.
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High resolution = Convergence ? Uniformly Stratified Ocean and Mixed layer

» With surface mixed layer, Z

coordinate solution are more 14 Lsopyenic
energetic .

> The energy is projected on
the interfacial mode (higher
than the 2 first modes)
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Figure : RMS differences with the highest

resolution. Colored lines: surface resolutions
(5.8,11,14 m)
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Accuracy of the vertical grid: 50 m surface layer
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Accuracy of the vertical grid: 50 m surface layer

] 40 40
> Need of accurate vertical
grid or an adapted A
stratification 5 45
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Figure : Density Profiles for a non accurate
vertical grid. Step and interpolated
stratification
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Accuracy of the vertical grid: 50 m surface layer

u(ms)

> Need of accurate vertical
grid or an adapted

stratification
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Figure : Surface velocities for a step and
interpolated stratifications and few vertical

grids. Black line: isopycnic solution. Bottom:
RMS differences between solutions
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Accuracy of the vertical grid: 50 m surface layer

» Need of accurate vertical

grid or an adapted — Initial
stratification 0 ~— Plain
=—a Shelf

> adapted stratification _
produce same IT as =L
isopycnic coordinate )

» Differences on the shelf 0

> On the shelf, the fixed
vertical coordinate change

the wavelength Figure : Density Profiles on the shelf and on
the plain for the last tidal cycle
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Conclusion

» Isopycnic coordinate solutions are less resolution
dependent than the geopotential coordinate.

» Increasing the resolution tend to generate solutions that
converge for both vertical coordinate systems

» For fine resolution, the increase of the resolution is not
enough to generate similar solutions

» Fine resolution need a extremely accurate vertical grid to
represent either step stratification or generation area.

» Stratification evolution due to spurious mixing lead to an
IT characteristics variation with the time
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adding plot

> Weak forcing-linear motion- 10°
obvious resolution sensitivity &
«
& 107
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Figure : Weak forcing, N constant, KE per
mode for Z and isopycnic solutions
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adding plot

55

— Isopynic

» Weak forcing-linear motion- o
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obvious resolution sensitivity f——m—— — h=sm
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Figure : Wavelength by wavelet
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adding plot

» Weak forcing-linear motion-
obvious resolution sensitivity

> Wavelength

> Phase speed similar to
analytical solution
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adding plot

Velocities

» Weak forcing-linear motion-
obvious resolution sensitivity

> Wavelength

> Phase speed similar to
analytical solution

> Sigma-isopycnic-
geopotential
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