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Vertical velocity in the hydrostatic atmosphere

Computation of the vertical velocity on

n ap
o(ho.m=-[V, '(VH %)d’? + Vi VuP the ECMWF hybrid model level n
0

Stepanyuk et al., 2017

Root-mean-square (RMS) amplitude of
omega at 600 hPa for the 12-month
period in ERA-Interim reanalysis
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Can we quantify vertical velocities associated with the Rossby and gravity waves?



Rossby and gravity wave vertical motions
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Tropics: QG theory breaks down,
Kelvin and MRG waves play a
significant role in dynamics.
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Unified framework for the vertical motions due to the
Rossby and non-Rossby modes

Normal-mode function decomposition of linearized primitive equations

MODES - Real-time decomposition of ECMWF forecasts
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Unified framework for the vertical motions due to the
Rossby and non-Rossby modes

R K ,
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Regime decomposition of omega: an example

Vertical cross-section of omega along 70°S on 11 Aug 2018
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Unified framework for the vertical motions due to the
Rossby and non-Rossby modes
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Kinetic energy spectrum of vertical motions
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Vertical kinetic energy
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K =KFf+K"" Application to ERA5: tropics

R — Rossby modes
NR — non-Rossby modes (inertia-gravity, Kelvin and mixed Rossby-gravity waves)
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Vertical kinetic energy spectra of the non-Rossby
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K =KX+ K"* Application to ERA5: extratropics

R — Rossby modes
NR — non-Rossby modes (inertia-gravity, Kelvin and mixed Rossby-gravity waves)
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Summary

A unified approach to the regime decomposition of the vertical velocity in the
hydrostatic atmosphere has been derived. The motivation is the decomposition of the
vertical velocity and momentum fluxes in the tropics.

Kinetic energy spectra of vertical motions are proportional to the square of the
frequency of the eigenmodes of linearized primitive equations.

Based on the -3 and -5/3 power laws of the energy spectra of horizontal motions, the
vertical kinetic energy spectra follow the -5 and 1/3 power laws for the Rossby and
non-Rossby parts, respectively.

Application to ERAS highlights a lack of gravity wave variance at subsynoptic scales.

Contact: nedjeljka.zagar@uni-hamburg.de, @NedjeljkaZ
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Tropical circulation decomposed: an example

Total circulation at 207 hPa http://mOdeS. Cen- uni-hamburg. de
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Non-Rossby modes & ageostropic circulation

Total circulation at 207 hPa MODES

'otal circulatio: MODES Total circulation at 207 hPa MODES
Base 14/12) 3081 00 VRC. valid u/nz/zozn 12 UTC Base 14/12/2021 00 UTC, valid 17/12/2021 12 UTC Basi; 14/13/2021100. UTC, weiid “/‘2/”‘ 00 UTC
s (R

IS/

e —— T — T ——— T e— =
4 8 12 16 20 24 28 32 36 40 44 48 52 56 s 4 B 12 16 20 24 28 32 36 40 44 48 52 56 s 4''8712116:20:24,20:32°36:40°44.48:52:66:. . mfs
Balanced tion (Rossby m t 207 hPa MODES Balanced n (Rossby m t 207 hPa MODES Balanced circulation (Rossby modes) at 207 hPa MODES
Base 14/12/3021 00 Ulc valid IO/IZ/MI 12 UTC Base 14/12/2021 W uTC, nhd 17/12/N2| 12 UTC Bm 14/12/3021 W U'K! valid 18/|2/m2| N urc

S‘.ﬁ j”‘:

o ——r e—— O ——— e — o —— e e—
4 8 12 16 20 24 28 32 36 40 44 48 52 55 m/s 4 8 12 16 20 24 28 32 36 40 44 48 52 56 mis 4 8 12 16 20 24 28 32 35 40 44 48 52 S5 m/s
balanced circulation (non-Rossdby modes) at 207 hPa MODES Unbalanced circulation (non-Rossby modes) at 207 hPa MODES balanced circulation (non-Rossby modes) at 207 hPa MODES
But 10/12/202 00 nhd IG/IZIMI 12 UTC Base 1(/|2/2021 (2] . valid I7/IZ/2021 12 UTC &s N/IZ/Z&I 00 nhd 18/12/2021 00 U'I'C

2 3 45 6 7 8 910111213141516 mis 25456789‘0"1213‘4‘516 mis 25456789\0“!213!4!516 mis



Energy (J/kg)

10 ¢

10

Global energy spectra (K+APE) from MODES

ERA Interim, 35-year average

Advancements in simulated spatial variability

10 ¢

T

10 ¢

10

Global dynamics

Rossby waves

10 3

-1.9

1
N
L<400 km Inertia-gravity waves

L>3000 km
Rossby and
Total inertia-gravity
Rossby waves
IG
2 4 7 12 25 50

zonal wavenumber

-t
o
o

Energy (J/kg)

10" ¢

10 ¢

10 ¢

10 ¢

10 ¢

Inertio-gravity mode spectrum

(oper ECMWEF an, 2015)

Global

L<500 km |

1.6 \

zonal wavenumber

unbalanced Wl
. . e
circulation resolved 166 |
inertia-
gravity '2 . 0
L>3000 km waves -
Insufficient
representation
of IG waves
1 2 4 13 50 100

Zagar et al., J. Atmos. Sci., 2017




