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C
PT: R

epresenting internal-w
ave driven m

ixing in global ocean m
odels

T
he Team

: 
http://w

w
w

-pord.ucsd.edu/~
jen/cpt/

G
o

al: D
evelopm

ent of ocean m
ixing 

param
eterizations for use in representing 

internal w
ave driven m

ixing in clim
ate 

sim
ulations. 

1) N
ear-field param

eterizations accounting for 
m

ixing processes at internal w
ave generation sites

2)  A
 new

 param
eterization for the m

ixing resulting 
from

 the breakdow
n of near inertial energy 

transported in the w
ave field

3) Param
eterization for the breakdow

n of internal 
w

ave energy in the ocean interior far aw
ay from

 
sources. 
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O
verview

1.M
ost diapycnal (vertical) m

ixing in the ocean interior is due to 
breaking internal gravity w

aves

2.M
ixing is patchy in space and tim

e, reflecting the com
plex 

geography of internal w
ave generation, propagation, and 

dissipation.

3.Patchy m
ixing m

atters for ocean circulation and fluxes. It’s 
im

portant to “get it right”. 

4.O
ur plan: use w

hat w
e collectively know

 about internal w
ave 

physics to develop dynam
ic param

eterizations of diapycnal 
m

ixing that can evolve in a changing clim
ate. 

W
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Internal gravity w
ave prim

er

•
Low

-m
ode  ~

interfacial w
aves

•
H

igh-m
ode ~

 plane w
aves

•
R

apid: 

•
Breaking w

aves are at sm
all 

(1-10 m
) scales  

w
arm

cold

f
≤

ω
≤

N

W
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The zoo of internal w
aves in the ocean

Depth, z

H
orizontal distance (x,y)

Tw
o frequencies dom

inate energetically 

Internal T
ides: generated by 

oscillatory tidal flow
 over 

topography. W
aves have tidal 

period (M
2 =

12.4 hour) 

N
ear-inertial w

aves:  often w
ind generated, 

have a frequency close to the local inertial 
frequency (latitude dependent)

10
−2

10
−1

10
−3

10
−2

10
−1

10
0

10
1

10
2

M
2

O
bserved (C

W
)

M
odel   (C

W
)

f

N
ear-inertial

w
aves

Internal T
ides
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C
ant’ explicitly resolve internal w

aves in clim
ate m

odels. 
 3 steps to param

eterize their role: 
1) W

ave generation Param
eterizing m

ixing

2) W
ave propagation

N
ear-Inertial W

aves
3) W

ave dissipation

W
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Internal T
ides

W
ednesday, July 20, 2011



Internal T
ides
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C
ant’ explicitly resolve internal w

aves in clim
ate m

odels. 
 3 steps to param

eterize their role: 

M
aps of Internal-T

ide G
eneration

1) W
ave generation

Egbert and R
ay 2001

Param
eterizing m

ixing

G
eneration w

here barotropic
(astronom

ical) tides are large and 
topography is rough

Jayne and St. Laurent (2001)

D
ata inversion from

 
T

PX
O

 T
idal 

assim
ilation

D
irect estim

ate from
 

tidal/oceanographic 
param

eters

2) W
ave propagation

3) W
ave dissipation

W
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!

G
eneration by 

rotating 
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ponent of 
w
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m

irrors storm
 

tracks

M
aps of N

ear-Inertial W
ave G

eneration
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C
ant’ explicitly resolve internal w

aves in clim
ate m

odels. 
 3 steps to param

eterize their role: 

Param
eterizing m

ixing

Internal tides propagating up 
from

 the rough (eastern) 
bathym

etry steadily break, 
producing elevated m

ixing up 
into the m

ain therm
ocline

G
lobal pattern of m

ixing that m
irrors w

ave generation

1) W
ave generation

2) W
ave propagation

3) W
ave dissipation

W
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“Farfield” w
ave breaking / m

ixing
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(b
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A
ltim

etric tidal fluxes

N
orthbound

Southbound

M
ost (70-90%

) internal tide energy escapes to propagate thousands of km
 aw

ay. 

W
here do these w

aves break? [St. Laurent and N
ash 04]

Z
hongxiang Z

hao, U
W
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D
esirable P

roperties of P
aram

eterizations 
• 

Energy-based prescriptions are m
ore likely to avoid 

physical inconsistencies. 
• 

Should use m
odel’s ow

n properties (e.g., stratification) for 
calculating the energy conversion to allow

 for negative 
feedbacks on m

ixing. 
! 

Static m
aps can get scary w

hen the control the ocean structure. 
• 

Energy fluxes (and hence buoyancy fluxes) should respond 
to the changing m

odel state. 
• 

V
ertically elliptic or iterative equations are O

.K
.; 

H
orizontally elliptic equations, iterations, or large num

bers 
of w

avenum
ber bins w

ill be a challenge. 
• 

M
inim

ize dim
ensional “param

eters” w
herever possible. 

• 
Should w

ork across a range of m
odel resolutions. 

 (1° - 1/8° clim
ate m

odels now
.) 

W
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Turbulent m
ixing helps m

ake the ocean go round

Low
 Latitudes

H
igh Latitudes

P E
P E

K E
K E

heat
conveyor

Som
e m

ore com
plex im

plem
entation in m

ore com
plex m

odels
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Turbulent m
ixing helps m

ake the ocean go round

Low
 Latitudes

H
igh Latitudes

P E
P E

K E
K E

heat
conveyor

But (patchy) m
ixing changes the story

Som
e m

ore com
plex im

plem
entation in m

ore com
plex m

odels

W
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St. Laurent et al 02

1000 meters

“N
earfield” tidal m

ixing

ocean bottom

dissipation 
rate (related 
to diffusivity)

m
ap of internal 

tide generation 
(U

bt , N
) 

vertical 
structure 

(exponential 
decay)
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 investigation of energetically constrained, spatially variable m
ixing:

 Jochum
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ate m
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