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Introduction

ÁMomentum forcing by gravity waves (GWs) 

plays a major role in the middle atmosphere 

dynamics, including the reversal of the 

mesospheric jets (Lindzen 1981), the cold 

summer mesopause (Bjorn 1984), the alleviation 

of cold bias in the winter polar stratosphere 

(Garcia and Boville 1994), and the quasi-

biennial and semi-annual oscillations in the 

tropical middle atmosphere (Dunkerton 1997; 

Hamilton 1998). 

ÁThe momentum transport by GWs is currently a 

subgrid process in most general circulation 

models (GCMs), and theparameterization of 

GW drag is crucial for the accurate reproduction 

of the observed middle atmosphere circulations 

in GCMs. 

ÁCumulus convection has been widely accepted 

as a major source of non-stationary GWs.

Introduction

Kim et al. (2003, Atmosphere-

Ocean)



Introduction

Columnar GWDC parameterizations

ÅChun and Baik (1998, 2002): The momentum flux spectrum for 

the GWDC parameterization was first analytically formulated

ÅBeres (2004), Song and Chun (2005): Non-stationary parts of 

convective GWs along with a spatiotemporal variation of the 

convective source and GW momentum flux spectra were included 

in the parameterization

ÅChun et al. (2008):A nonlinear source effect was included in the 

GWDC parameterization that considered only diabatic source 

Ÿ Å GWs propagate only in the vertical direction

Å GWs propagate from a source level to model top within one

GCM time step

Ray-based GWDC parameterization

ÅSong and Chun (2008, JAS): Explicit calculation of GW 

propagation properties

Ÿ Three-dimensional propagation of GWs was realistically     

represented

Parameterizations of Convective GW Drag (GWDC)

Holton and Alexander (1999)



Á The ray-based parameterization (Song and Chun, 2008) was validated against the Microwave Limb 

Sounder (MLS) on the Upper Atmosphere Research Satellite (UARS) (Jiang et al., 2004, JGR)

- The parameterization is sensitive to the choice of wave-propagation direction, which is a free 

parameter in the parameterization.

Choiet al. 

(2009, JGR)

Motivation



Purpose

To determine two important free parameters included in the GWDC

parameterization, the movingspeedof the convectivesourceand wave-

propagationdirection, usingthree-dimensionalmesoscalesimulationsthat

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-

dimensionalspectralspaceagainstthemesoscalesimulations

Choi and Chun (2010, submitted to JAS)
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ÁCloud-top GW momentum flux spectrum 

Vc : phase speed (-100 m/s ~ 100 m/s, dc = 2 m/s)

Vű: wave-propagation direction (0ôÒű<180 ô)
[ű =  0ô,  90ô(Song and Chun, 2008);  45ô, 135ô(Choi et al., 2009)] 

ÁConvective source spectrum

Vŭh, ŭt : spatial and time scales of the convective source (= 5 km, 20 min), co =ŭh /ŭt
Vcqh : moving speed of the convective source (=cqxcosű+cqysinű)

[                                                                  (Corfidi et al. 1996) in previous  

parameterization]
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WFRF Source

ÁWave-filtering -and-resonance-factor (WFRF)

Vwave filtering by the vertical propagation condition

Vresonance between the vertical harmonics consisting of convective source and natural 

wave modes with the vertical wavenumbers given by the dispersion relation of internal GWs

ű
EW

c = cqh

Cloud-Top GW Momentum Flux Spectra

Song and Chun (2005, JAS)      
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Á Model : Three-dimensional Weather Research and Forecasting (WRF) model version 3.1 

Á Physical domain : x = y = 300 (400) km, z = 42 (30) km for ideal (real) cases

Á Resolution : dx = dy = 1 km, dz~ 300 m

Á Time integrations : 3~6 hours

Á Simulations : nine ideal and two real storm cases

Ideal 

storm 

cases

Thermodynamic sounding Weisman and Klemp (1982)

Background

wind

(űB: azimuthal 

angle of the 

background 

wind)

No Wind Uniform Low-Sheared

(z= 0-6 km)

Upper-

Sheared

ÅNW ÅU0   (űB =   0ô)
ÅU45 (űB = 45ô)
ÅU90 (űB = 90ô)
(U=5m/s,V=5/m)

ÅLS0   (űB =   0ô)
ÅLS45 (űB = 45ô)
ÅLS90 (űB = 90ô)
ÅLSV  (űB = 140ô-90ô)

ÅUS45 

(űB = 45ô
at z = 8.7-

10.7 km)

Real 

storm 

cases

Tropical Ocean Global Atmosphere Coupled Ocean-Atmosphere Response 

Experiment (TOGA COARE ) on 22 Feb. 1993 (Trier et al., 1996)

Indonesian convective storm case (INDONESIA ) in Koto Tabang (0.2ôS, 100.3ôE) 

on 11 April 2004 (Dhaka et al., 2005)

MesoscaleSimulations



Basic-State Profiles used in the Mesoscale Simulations

Ideal cases TOGA COARE  case

INDONESIA caseU

V



wøspectrum averaged over convective region 

ÁThe convective source spectrum shows nearly isotropic features in terms of magnitude

ÁStrong PSD occurs in the direction of low-level tropospheric wind

0ô

30ô

60ô
90ô

120ô

150ô

Convective Source Spectrum from the MesoscaleSimulations



TOGA COARE

Primary peak occurs at 

c ~ U700 (ű) 

= u700cosű+ v700sinű

= 9.1cosűï4.9sinű

(u700, v700: zonal and 

meridionalbasic-state winds 

averaged below z = 700 hPa)

ex) U700 (  0ô) =   9.1 m/s

U700 (90ô) = ï4.9 m/s

Ŷ c = 10 

m/s 

Ŷ c = -4 m/s 

Determination of the Moving Speed of the Convective Source
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VMoving speed of the convective source

cqh(ű) = u700cosű+ v700sinű

Convective source spectrum in the parameterization 



Simulation

Parameterization

Simulation

Parameterization

Comparison between the parameterization and mesoscale simulations:

Convective Source Spectrum



TOGA COARE 
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WFRF Source

(Song and Chun 2005)

Comparison between the parameterization and mesoscale simulations:

Cloud-Top Momentum Flux Spectrum



Simulation

Parameterization

Simulation

Parameterization

Comparison between the parameterization and mesoscale simulations:

Cloud-Top Momentum Flux Spectrum


