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Motivation:
How to diagnose the three-dimensional flux of wave energy?

Question 1:
What is an appropriate time interval for sampling?
10 min?, 1 hour?, 3 hours? (related to disk size)

Question 2:
What is an appropriate time scale for a time mean?

6 hours? 12 hours? 24 hours? (related to the inertial period)

Strategy:
It would be nice if the energy flux is calculated without
sampling errors and also without using a time mean



Let’s explain the situation in detail ....

An on-line diagnosis / An off-line diagnosis



Online diagnosis

Compute wave-averaged quantities inside a model during time integration
Example of model output: 1-day mean of pressure flux
Disadvantage
the list of wave-averaged quantities needs to be set with a good plan
=> limitation of disk size
a time scale for averaging needs to be set with a good plan

=> aliasing errors /
Tasks in a Model
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Offline Diagnosis

3-hour snapshot

3-hour snapshot

J 3-hour snapshot

Wave-averaged quantities

7.7 77
L p W p Pressure flux

I/t,V, I/l,W, Reynolds stress

ulpl W,p, Density flux

0

Disadvantage

Too sparse time interval of snapshots yields sampling errors /

ffline diagnosis

Compute wave-averaged quantities after running a model
Example of model output: 3-hour snapshots of u, v, w, rho




/@ﬂme diagnosis

Compute wave-averaged quantities inside a model during time integration
Example of model output: 1-day mean of pressure flux

Disadvantage
the list of wave-averaged quantities needs to be set with a good plan

=> limitation of disk size
a time scale for averaging needs to be set with a good plan

=> aliasing errors
Advantage

no sampling error /

/Ofﬂine diagnosis

Compute wave-averaged quantities after running a model
Example of model output: 3-hour snapshots of u, v, w, rho

Advantage
Be able to calculate whatever wave-averaged quantities => save disk space

Disadvantage
Too sparse time interval of snapshots yields sampling errors /




/6nline diagnosis

Compute wave-averaged quantities inside a model during time integration
Example of model output: 1-day mean of pressure flux

Suitable when having an enough computer resource
to repeat the simulation until the model output is optimized

-

Offline diagnosis

Compute wave-averaged quantities after running a model
Example of model output: 3-hour snapshots of u, v, w, rho

Suitable when specializing to the diagnosis of a model output
which has been provided by an ocean forecast/reanalysis center




Governing Equations for IGW
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Governing Equations for IGW
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Traditional Energy Equation
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New Energy Equation (our study)
[(wv” — w'vy) /(2)]e +
—(vp" = v'py)/(21)]e + [(wp’ — w'p) /(21)]y + (20" — 2'p1) /2] = 0,



= AHAcosf, 60=kx+Ily+mz—ot,

Analytical *
Solution ¢ = @ok+ppfl)/(a® — f?),

o' = (=pyfk+pal)/(o* — f?),

/

New Energy w' = —plom/N?,
and Fluxes Y = —phm/N2,
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A hydrostatic simulation for the generation of IGWs

by an idealized moving storm
Used a model code (NHOES) developed with Bach Lien Hua, S. Le Gentil, C. Menesguen

An offline diagnosis

Sampling interval: 3-hour (corresponding to the output of an ocean forecast/reanalysis center)
Results at t=8.5 day are shown
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(b) new flux (instantaneous)
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Reduction of Sampling Errors
using a Phase-Independent Expression for
Energy Flux associated with Inertia-Gravity Waves

Hidenori Aiki (Japan Agency for Marine-Earth Science and Technology)

Richard J. Greatbatch (GEOMAR, Kiel, Germany) to be submitted
Rossby wave phase-independent
expression
Energy flux N/A
Pseudomomentum Plumb (1986) INET :
(wave activity) flux Takaya and Nakamura = d.l agnosis of
(2001) stationary waves

inertia-gravity wave phase-independent

e => reduction of
Energy flux this study i

(explained today) SAlPUINE €1TOTS
Pseudomomentum this study => d}agn0515 of
(wave activity) flux (slides are ready) stationary waves
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For monochromatic waves, wave-averaged energy fluxes may be calculated from
a single snapshot using the new expression

For waves with a general spectrum, the time-average of the new expression becomes
identical to the traditional expression (except for the issue of sampling errors).

inertia-gravity wave phase-independent

SO 01 => reduction of
Energy flux this study I

(explained today) SAPUNE CITors
Pseudomomentum this study => d}agn0515 of
(wave activity) flux (slides are ready) stationary waves
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Traditional Energy Equation

Ku/2 s U/2 s N2Z/2)/%]t i (U/p/);c i (U/p/)y i (w/p/)z — 0.

15

New Energy Equation (our study)
[(wv" — w'vy)/(21)]: +

[— (v’ — v'py)/(2f)]e + [(wip’ — uw'py)/(2f)]y + [(20" — 2'p;)/2]. = 0,



Traditional Energy Equation
[Su& s v/2 s N2Z/2)/%]t i (U/p/)x i (U/p/)y i (w/p/)z — 0.

1)

New Energy Equation (our study)
[(ugv” — w'vy) /(2] +
[—(up" — v'p) /(2F)]e + [(wp” — uw'p)/(21)]y + [(2ep" — 2'D4) /2], = 0,
Traditional Pseudomomentum EqQuation @retherton and carrett, 169, Miyahara, 2006
(E/c): + (WP [c)s + (VD [c)y + (W'D /). =

(B/e)i+ (B — 0), + (70), + (71). = 0




Traditional Energy Equation
[Su& s v/2 s N2Z/2)/%]t i (U/p/)x i (U/p/)y i (w/p/)z — 0.

New Energy Equation (our study)
[(wv” — w'vy) /(2)]e +
[—(vip" — v'p)/ (2f)]e + [(wp — u'py)/(21)]y + [(20" — 2'p1)/2]. = 0,

Traditional Pseudomomentum EqQuation @retherton and carrett, 1969, Miyahara, 2006

(E/c)e + (WP /c)s + (VP )y + (WP /c). =

(B/e)i+ (B — 0), + (70), + (71). =~ 0

A’ o< cosO
0=kx-ot Allc=kAl /o =—kA;=—A]

c=0/k



Traditional Energy Equation
[Su/2 s v/2 s N2Z/2)/%]t i (U/p/):c i (U/p/)y i (w/p/)z — 0.

1)

New Energy Equation (our study)
[(ugv” — w'vy) /(2] +
[—(up" — v'p) /(2F)]e + [(wp” — uw'p)/(21)]y + [(2ep" — 2'D4) /2], = 0,
Traditional Pseudomomentum EqQuation @retherton and carrett, 169, Miyahara, 2006
(E/c): + (WP [c)s + (VD [c)y + (W'D /). =

(E/c) + (B = v'V); + (V') + (2'D),), ~ O

New Pseudomomentum Equation (our study)
—(ugv —w'vg) /(21)]e +
[(vip — v'pl) [/ (2f)]e + [—(ulp — uw'pl)/(21)], + [—(zLp — 2'p,)/(2f)]. =






