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Motivation

= Gravity Wave Breaking and Drag . .
——¥ Gravity Wave Group Propagation (Ray) Path Atmospheric gravity waves (GW)
Gravity Wave Amplitudes and Wave forms
2 Jet Stream Instabilities
%5 Convection/Thunderstorms
Ad Orography
@ Other Unspecified Sources of Gravity Waves

@ main sources: orography, convection,
jets/fronts

mesosphere

@ mainly vertical energy (momentum)
transport with ¢, = interaction with
the large scale flow ("drag")

altitude
stra’losphere

@ wave breaking = turbulence,
dissipation, energy transfer to large
scale flow ("drag")

troposphere

(Kim et al., 2003)
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Motivation

Importance of atmospheric GWs in weather & climate

@ Mesospheric jet reversal, summer

cold pole (Holton, 1983) 10} ]
0
-10 Obs
@ Strong effect of GWs on North g 10
Atlantic Oscillation (NAO) S 0
; Q Model
(Scaife et al., 2005) < ol Ctl. | e
MA
100 1
i W 1
@ Models with middle atmosphere -10} ‘ ‘ Pert. 1 Model |
(MA) allow for more accurate 1960 1970 1980 1990 2000
GW dynamics = better NAO Year

patterns
Scaife et al. (2005)
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Motivation

Parametrization of atmospheric GWs

resolved scales { gravity waves )

small spatial scales

@ GWs are not fully resolved by GCMs and NWP models = parametrization
= (Wentzel-Kramers—Brillouin) WKB theory

@ Currently used parametrizations: steady state approximation
= instantenous propagation through constant resolved flow
= instantenous drag via wave breaking only!

@ Proposal for improvement: weakly-nonlinear coupling between the GW
and the resolved flow <=> transient propagation <= continuous drag
on the resolved flow during propagation + drag through wave breaking
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WKB theory

Wave resolving system (2-D Euler equations, no rotation):
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Simplification ingredients:

@ Decomposition of the fields: f = f, + fu

. #(2,1)
@ WKB ansatz: fu(z, z,t) zRer(Z7T)el[kZ+ 2D

with Z =€z, T = et, m = 0¢/0Z and w = —9¢ /0T

@ Scaling for the gravity waves: € = Awave/Avackground << 1

D _ 8 a a
Dt = ot TUp; Ty
= (p/po)”

0 =T(po/p)" =T/
k= R/cp
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WKB theory

WKB ansatz in nature:

4] GOES-12 IMAGER - VISIBLE (CH @1) - 19:40 UTC 15 MAR 2008 - CIMSS

(cimss.ssec.wisc.edu)
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WKB theory

Wave resolving equations (2-D Euler equations, no rotation):
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Simplification ingredients:

@ Decomposition of the fields: f = f, + fu

. #(2,1)
@ WKB ansatz: fy(z, z,t) :Rer(Z7T)el[kZ+ 2D

with Z =€z, T = et, m = 0¢/0Z and w = —9¢ /0T

@ Scaling for the gravity waves: € = Awave/Avackground << 1
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WKB theory

dt

F

F

Order analysis in € = GW parametrization

Wave field Mean flow

WKB theory: transient coupled system

Nkm

L O up 19

(k2 + m2)3/2 ! o = _%E(kcw A)
k av  diwps

(k2 +m2)1/2 dz B dz =m

5] d 1] o
A Cgz <i = — 4 cg2 7)
Oz dt ot oz

Steady state WKB theory: instantenous decoupled system

Nkm 8wy

— =g, 19
(k2+m2)3/2 e = 7%&(’“‘:92 A)

= no wave-mean-flow interaction! =
Drag sources: ONLY! wave breaking (constraining A(z))

Towards a transient GW parametrization in ICON



WKB theory

dt

Order analysis in € = GW parametrization

Wave field Mean flow

WKB theory: transient coupled system

Nkm oy

b — 10
:F(kz T m2)3/2z ~ 9% ot = —:a*(kcgz A)
p 0z
k av  dup
T3 YR =m Drag sources: wave-mean-flow interaction
(k? +m?) dz dz + wave breaking

F

R (dg )

+ 0)
49 _ 9 . 9
ER dt ot oz

Steady state WKB theory: instantenous decoupled system

Nkm 8wy

Cgz

= 19
(k2 + m2)3/2 — = *%g(kcgz A)

ot

= no wave-mean-flow interaction! =
Drag sources: ONLY! wave breaking (constraining A(z))

0 == cgz(2) A (2) = const.




Numerical implementation: toymodel

GW field Meanflow
Ray positions in phase space Induced large scale wind
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Numerical implementation: toymodel

Static instability (Az = Az = 1km)

Integrated energy

Béléni et al.
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Numerical implementation: toymodel

Static instability (Az = Az = 1km)
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Numerical implementation: ICON

Concept

gwd wkb 4—@ ics substeps € onoencies
—

dt gwd wkb
- - Tracer Advection dtime
?
Fast Physics dtime

gwd wkb Satur. Adjustment
G
dt
dt gwd wkb Land/Lake/Sea-lce —eenv
a 2 B Turbulent Diffusion Cloud Cover di_conv
Micophysics Radiation dtrad

+ on reduced gri
Satur. Adjustment grid

m dt ovtput b gwd wkb dt_gwd_wkb

Non-Orographic
Gravity Wave Dra

(Original courtesy: DWD, ICON Training 2015)
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Numerical implementation: ICO

Concept

1D framework 3D framework

Fits well to the current MPI Requires new MPI communication style

communicator for Lagrangian particles = later...
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Numerical implementation: ICON

Primary code validation

WKB in ICON WKB in toymodel

low resolution: dz &~ 1250km (R02B01), dz ~ 200m

no orography, simple stratification, steady state initial meanflow

]
(]
@ dynamical core off (ldynamics=.F.), no rotation (lcoriolis=.F.)
@ all other physical parametrizations switched off

(]

known cases, uniform source over the Globe = "single column"

Moving towards realism...

WKB in ICON OPER ICON / OBS
@ dx =~ 160km (R02B04), dz ~ 80km (R02B05), dz ~ 50 — 350m

@ switch on dynamical core (ldynamics=.T.) and rotation (lcoriolis=.T.)
= interaction of GWs and inertial waves

@ real orography, same GW sources as in OPER ICON NWP (Orr et al., 2010)

@ comparison of zonal means, etc.
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Numerical implementation: ICON

Induced mean-flow:
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Numerical implementation: ICON

Static instability (A, = A, = 1km)

Energy (toymodel) Induced U (toymodel)
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Numerical implementation: ICON

Static instability (A, = A, = 1km)

Energy (toymodel) Induced U (toymodel)
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Numerical implementation: ICON

Static instability (A, = A, = 1km)

U-component V-component
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Conclusions

@ A new GW drag parametrization proposed (MS-GWAM?!):
full WKB theory <<= steady state WKB theory.

@ Based on idealized MS-GWAM simulations transient
wave-meanflow interactions are more important than wave
breaking. Current GW drag schemes are based only on the latter
process.

@ An MS-GWAM 1.0 is implemented and technically validated in
ICON (NWP). It is to be gradually extended: more realistic
sources, 1D — 3D, etc.

Multi Scale Gravity Wave Model
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