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Dynamical and diabatic Kelvin wave sources
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Kelvin wave response to latent heat release (e.g. Salby and Garcia 1987)

Momentum flux forcing associated with extratropical Rossby waves

(e.g. Tulich and Kiladis 2021; Cheng et al. 2022; Holube et al. 2024)

Dry dynamical processes are source in 3D normal mode energy budget of Kelvin waves
(Tanaka 1985; Castanheira and Marques 2021)

Are dynamical or diabatic Kelvin wave sources predominant in reanalysis data?
We quantify all energy sources of Kelvin waves in the 3D normal mode energy budget
in ERAS forecasts, for which tendencies due to parametrizations are saved. 1



ldentifying Kelvin waves using 3D normal-mode decomposition

Zonal velocity of Kelvin waves at the equator Time-average over January 2018
from ERAS forecasts |4
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= Expansion of wind and geopotential from ERAS into 3D normal-mode functions
= Part of Kelvin wave is apparently stationary (Zagaretal. 2022) (modes.cen.uni-hamburg.de)
= Westerlies: “Gill's response” to heating over warm pool
= Easterlies: Forced by meridional advection of zonal momentum
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Kelvin wave energy budget

= Kelvin wave energy I consists of kinetic energy and available potential energy

I (Tanaka 1985)
= Kelvin wave energy tendencies d—f are computed from momentum and temperature
tendencies
Saved in ERAS forecasts
A
dIx e N

= Resolved nonlinear dynamics + Diabatic processes + Subgrid-scale parametrizations

/ N

= Contain advection of momentum and » Latent heat release
temperature = Shortwave radiation
= Computed from normal mode expansion, = Longwave radiation

this allows decomposition into
wave-mean flow and wave-wave interactions
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Kelvin wave energy budget

Time-average over December 2017 — November 2018
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Kelvin wave energy budget

Time-average over December 2017 — November 2018 Takes place in the upper troposphere
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Meridional momentum advection over Indian Ocean
is source of Kelvin wave energy

Advection of zonal momentum away from the
equator increases/Kelvin wave easterlies

AN
Kelvin wave easterlies
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Sketch of upper-tropospheric horizontal flow
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Momentum tendencies result in Kelvin wave energy sink

Time-average over December 2017 — November 2018 Energy sink in regions of strong shear
(vertical diffusion)
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Latent heat release results in Kelvin wave energy sink

Time-average over December 2017 — November 2018

Kelvin wave: Time-average over January 2018
4
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Latent heat release results in Kelvin wave energy sink

Time-average over December 2017 — November 2018

> Al

6o T

S

v Allterms -

c

Q Ay

q>J Au,p 1

)

z A

= Av 1

>

= Ar s -

3] T, A

¥ At o

o0

S A

-'d Aco T

Q

3= Dyr A

(1)

v Dsw

Q

A Dyw

8 Du + Dv 1

(©)

E Dy 1
Dk -

Advection of
zonal
momentum

Advection of
temperature

<« Latent heat release

<+«— Momentum tendencies
due to parametrizations

UH
i
{2V Universitdt Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04
Kelvin wave energy tendency [W m~2]

Energy sink in mid-troposphere

2
10 -
30 A
67 -

127 A

227 A

383 A

611 A

835 1

961 A

1012 . . T
-2 0 2

KW energy tendency [1073 W m~2]
due to latent heat release

Consistent with aquaplanet simulations
by Tulich and Kiladis (2021)



Conclusions

= |In ERAS forecasts, the main source of Kelvin wave energy arises from meridional advection of
zonal momentum. This strengthens Kelvin wave easterlies in the upper troposphere.

* Inthe time average, Kelvin wave energy sinks result from latent heat release and other
parametrized processes.

Other results (not shown):

» Latent heat release governs variability of Kelvin wave energy on a time scale of several days.

= Shortwave radiation induces a diurnal cycle in Kelvin wave energy.

= Kelvin wave energy source due to meridional advection is located in winter hemisphere.

Further studies: Decomposition of dynamical Kelvin wave energy sources into wave-wave

interactions and wave-mean flow interactions
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Short timeseries of Kelvin wave energy and energy tendencies
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Kelvin wave energy tendencies for one year
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Selected Kelvin wave energy tendencies
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Vertical localization of Kelvin wave energy sources
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Vertical profiles of energy tendencies in aquaplanet simulations
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Fig. 7 in Tulich and Kiladis (2021).
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Latitudinal localization of Kelvin wave energy source
due to advection of zonal momentum
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Longitude-time variability
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a) Kelvin wave zonal velocity averaged over 15N to 15S,
b) Kelvin wave energy tendency due to meridional advection of zonal momentum,
c) Meridional velocity averaged over 10N to 20N.
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Longitude-time variability
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a) Kelvin wave temperature averaged over 15N to 15S,
b) Kelvin wave energy tendency due to non-radiative diabatic heating (latent heat release),
c) Outgoing longwave radiation averaged over 15N to 15S.
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Energy tendencies involving apparently stationary Kelvin wave

Advection of zonal momentum
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Kelvin wave energy budget

drI
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Dynamical sources of KW energy due to

total advection of u Au=Aur+ Auyp + Avw = [, Nyux dV
zonal advection of u Auyr=— fv M;"'S(P T3 UK dV

meridional advection of u Avo=—Jy MES{P (u;;s 2) vige AV

vertical advection of u fv Sy uk dV

advection of v A, = fv N,yvk dV

total advection of T Ar = Ara+ Arp + Ary = fv 2 NpTk dV
zonal advection of T° A\ = — fv o ﬁ S_ATK dV

meridional advection of T° At , = — fv %Eg—gTK dV

vertical advection of T” Arp = — [}, 2t aTT av

conversion term A, = fv %TK dV
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Kelvin wave energy budget

drI
d—f:Au_JrAU+AT+ACO+DU+Dv+DSW+DLW+DNR+DP

Sources of KW energy due to parametrizations for

zonal momentum D, = fv S,uk dV

meridional momentum D, = f v Syvk dV

short-wave radiation Dgw = fv ,}%QSWTK dV

long-wave radiation Diw = fv %QLWTK dV

non-radiative processes® Dngr = fv %(ST — Quw — Qsw)Tk dV

Differences between Eq. (1) and ERAS result in KW energy sources D, = Dt, + Dg involving

gradients of difference ®, between ® Dp, = — fv (Mi_mﬁ aﬁ‘" ug + % 33?; ’UK) dV
and geopotential in ERA5 (Appendix C)

geopotential gradients below the surface  Dg (Eq. D1)

ST
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