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Introduction

A Momentum forcing by gravity waves (GWSs) o .
nlays a major role in the middle atmosphere  Mid-latitude December (Northern Winter)

dynamics, including the reversal of the 0 -
mesospheric jets (Lindzen 1981), the cold Z(a) A “Radiotive” Winds”
summer mesopause (Bjorn 1984), the allevia 80 A % s without wgve drog
of cold bias in the winter polar stratosphere . | | & W/
(Garcia and Boville 1994), and the quasi 5 - | 1 5
biennial and serrnnual oscillations in the E o ] =
tropical middle atmosphere (Dunkerton 1997 g |y 1 g
Hamilton 1998). ol | @ | g
A The momentum Fransport by GWs_ IS cur_rentlj 20l = Aﬁ'@mm e

subgrid process in most general circulation _ gl [P
models (GCMs), and thgarameterization of ™ S =
GW drag is crucial for the accurate reproduct 50 0 30 100
of the observed middle atmosphere circulatio zonal winds Ui
in GCMs. gravity wae phase velocity ¢

(m s°! eastward)

A Cumulus convection has been widely acceptea

as a major source of norstationary GWs. Kim et al. (2003, Atmosphere

Ocean)



Parameterizations of Convective GW Drag (GWDC)

Columnar GWDC parameterizations

A Chun and Baik (1998, 2002)The momentum flux spectrum for
the GWDC parameterization was first analytically formulated R

A Beres (2004), Song and Chun (2003)on-stationary parts of
convective GWSs along with a spatiotemporal variation of the
convective source and GW momentum flux spectra were included |
In the parameterization \

A Chun et al. (2008)A nonlinear source effect was included in the
GWDC parameterization that considered only diabatic source

Y @Ws propagate only in the vertical direction
AGWs propagate from a source level to model top W|th|n on

GCM time step
Ray-based GWDC parameterization

A Song and Chun (2008, JAS)Explicit calculation of GW
propagation properties

Y T h-direeasional propagation of GWs was reallstlcall
represented

FROM .0DO1 TD

“ "EiSiton and Alékander (1999)



Motivation
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MLS GWTV MLS GWTV
35°N
25°N .
© 15N Choiet al.
8 &N
= 5s A e - _
iIU 15°S ‘a M " (2009, \]GR)
25°s 4l ‘ - . _
35°s — \ . :
0 60°E  120°E 180  120°W  60°W 0 0 60°E  120°E 180  120°W  GO°W
Ray-based GWTV [p=45°, 135° (Filtered)] Ray-based GWTV [p=45°, 135° (Filtered)] 0008
35°N 35°N —10.005
25°N 25°N
O 15N 15°N
8 N 5N
% 5°8 | P 5°8
— 15°S 7 i " f 15°8
25°S @ ! \L}@ @) 25°S
35°S 35°S
0 60°E  120°E 180  120°W  60°W 0 0 60°E  120°E 180  120°W  60°W 0
Ray-based GWTYV [p=0°, 90° (Filtered)] Ray-based GWTV [p=0°, 90° (Filtered)]
35°N 35°N
25°N 25°N
O 15°N 15°N
-g 5°N 5°N S
’-;-' 5°g | A 5
2 15°s >4 7 | 15°
= (O & © =
35°S 35°S
0 60°E  120°E 180  120°W  B0°W 0 0 60°E  120°E 180  120°W  60°W 0

Longitude Longitude

The ray-based parameterization (Song and Chun, 2008) was validated against the Microwave Lin
Sounder (MLS) on the Upper Atmosphere Research Satellite (UARS)iang et al., 2004, JGR

- The parameterization is sensitive to the choic@afe-propagation direction, which is a free
parameter in the parameterization.



Purpose

To determine two important free parametersincluded in the GWDC
parameterization, the movingspeedof the convectivesourceand wave
propagationdirection, usingthreedimensionaimesoscalasimulationsthat
explicitly resolvethe convectiveGWs undervariousideal andreal storm
environments

To validate convectivesourcespectrum and cloud-top GW momentum
flux spectrum used in the GWDC parameterization in a three
dimensionakpectrakpaceagainsthe mesoscalsimulations

Choi and Chun (2010, submitted to JAS)



Cloud-Top GW Momentum Flux Spectra

ACloud-top GW momentum flux spectrum Song and Chun (2005, JAS)

2(20)*a, o 82 Ne X" Qe )
'Ath (;)Q:pTctNZO ‘C Uct(/ )‘ ,

M (c/ . zy)=sarlc- U, )lr.

V ¢ : phase speedl00 m/s ~ 100 m/s, dc = 2 m/s)
V (i : wave-propagation direction (0600 <1800 -
[0 83 905 (Song and Chun, 2008); @5L3% (Choi et al., 2009)], k

AConvective source spectrum
& d.d 52 C 2+ Can

|
c32077 2 JL+(c-(Cqn) ‘ /2 m
V 4, U, : spatial and time scales of the convective source (= 5 km, 20anmj, / U,
V¢, : moving speed of the convective source ¢gcosi+c,,sint)
[ Cqnl/ ) = (UL - Uyy)coy +(VeL - Viy,y)siny - Coiffidi et al. 1996) in previous

parameterization]

Q(c./ )= qo

AWave-filtering -and-resonancefactor (WFRF)

V wave filtering by the vertical propagation condition
V resonance between the vertical harmonics consisting of convective source and natul
wave modes with the vertical wavenumbers given by the dispersion relation of internal



MesoscaleSimulations

A Model : Threedimensional Weather Research and Forecasting (WRF) model version
A Physical domain :x =y = 300 (400) km, z = 42 (30) km for ideal (real) cases
A Resolution :dx=dy= 1 km,dz~ 300 m
A Time integrations : 3~6 hours
A Simulations : nine ideal and two real storm cases
|deal Thermodynamic sounding Weisman and Klemp (1982)
Storm | Background | No Wind Uniform L ow-Sheared Uppek
cases wind (z= 0-6 km) Sheared
(Ug: azimuthall ANy | AUO (G, = 09 |ALSO (G= O AUS45
angle of the AU45 (0, = 459 | ALS45 ((, = 45) (g = 45
background AU90 (G = 909 | ALS90 ((i, = 909 atz=8.7-
wind) (U=5mis,v=5/m) | ALSV ((i, = 1406909 | 10.7 km)
Real Tropical Ocean Global Atmosphere Coupled OeAtmosphere Response
storm Experiment TOGA COARE) on 22 Feb. 1993 (Trier et al., 1996)
Ca5€S! |ndonesian convective storm cafidONESIA) in Koto Tabang (0.@5, 100.8E)
on 11 April 2004 (Dhaka et al., 2005)
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BasicState Profiles used in theM esoscalé&Simulations
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Convective Source Spectrum from théMlesoscaleSimulations

| wg@spectrum averaged over convective regiorw
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AThe convective source spectrum shows nearly isotropic features in terms of magnitud
AStrong PSD occurs in the direction of kswel tropospheric wind



Determination of the Moving Speed of the Convective Source
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Comparison between the parameterization and mesoscale simula
Cloud-Top Momentum Flux Spectrum
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Comparison between the parameterization and mesoscale simula
Cloud-Top Momentum Flux Spectrum
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