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L. INTRODUCTION

Tropleal clowd systems, through thelr melease of
latent heat and rediBtribution of heat, molsture amd
mrentium, play animportant role in the coupling of
large-seale dymami and thermodynamie processes
The eflects of comeecitlon on tle large-scale tem pera-
ture and molstum Gelds (and Indiect]ly on the large-
seale momentum leld ) are re presented by comvection
sehemes Inall GOMs, but the effects of comvective
mpmentum tramsport [(CMT ) on the large-scale Geld
are iswally meglected due to the complexity amd in-
adequate understanding of the processes Inviobaed.
Alsp, the development of eomvective momentum pa-
rameterization has been hindered by the lack of di-
re¢t gheervation and accurate estimates of the "ap-
parent momentum souree” by cloud systemsa Un-
like heat and molsture, it s wery difficult to get a
rellable estimate of the apparent momentum source
from olseratlons. Clowd-resolving models [(CRMs)
are a gom prelensive altemative

2. CONVECTIVE MOMENTUM PARAMETERI-
ZATION SCHEMESR

Detailed deseriptions of two CMT parameter]-
ention arhomes can he Ipund in Zhang amd Clo
(1991 ) and Wi and Yanal [1904). Physleal prooesses
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through which comvection aflecis the large-scale mo-
meentum Beld nclude: (1) the subsldence compen-
satimg closd mass e (2) the detralnment of ex-
oess momentum fom clowds; and (3) the eomection-
Indisced pressure gradient loree. The Zhang amd Cho
srheme adopied a bulk clowd model Tor pepresend-
Ing Ineelod temperature, molsture and momentm
prpertkes, while the Wi and Yamal scheme wsed a
speciral clowd model. The clod-scale pressure gra-
dient foree s related o the vertleal wind shear, ¢losd
mass flux and organization of convestlon,

3. CLOUD-RESQLVING MODEL AND 3D SIMIT-
LATION OF GATE CLOUD 8YSTEMS

The NCAR CRM s based on tle Clark-Hall finjte-
diference Iormlation of the amelastle, monlydoo-
statk eguations. 4 Kessler hulk warm raln paranwe-
terlzation and a Koenlg and Murray bulk jee param-
elerkation are wsed. The surface Nices of sensible
and latent leat are caleulated wsing the ghaerwed
sea surface temperature [(S5T) and a slmple bulk
srheme. The lorizontal domaln B A0 kme 400 km
with a8 2-km resolition. There are 42 levels 1o the
vertieal with a stretched grid (L0 m at the surlace,
Inereasing to LW m at the model top of 26 km).
A tlme-step of 15 & 15 wsed. Perlodie lateral bonmd-
ary comdlthons emsure that there s no Incing Inslde
the domain apart from large-scale lorcing. Freeslip,
rigld bottom and top bousdary condiilons are ap-
pled together with a gravity wave ahsorher 1o the
uppermost T-km of the domalin

The CEM Is loreed by the evolving large-scale



advectlon of temperature and melsture.  The oh-
served radiative tendency B Included In the large-
seale foming. Sipee the accurate caleulation of the
large-seale lorelng lor the horlsontal wind feld [es-
peclally the large-seale pressure gradient) Is diffbewlt
to obialn from ohservations, a relaxation term k In-
cluded In the momentum equatlons to ensure the
domainaveraged horleontal veleeltles lollowing the
obaerved values, The T-day [September 1-T, 1974)
three-dimemsional [(3D) CEM simulation of GATE
clond systems, which ls presenied In Wi and Mon-
criedl [194946) and Grabowskl et al [1998), s used in
this study. The 30 simulation prodeces remarkably
realistic cloud feld evoluilons.

4. EVALUATION OF CMT 5CHEMES

The performanee of two CMT schemes are exam-
Imed wsing 1l same large-scale ponditions that foree
tlee 3D CEM. Filgure | shows the T-day evolutlon of
apparent momentom sourees om the 30 CEM and
ile WirYanal scheme amd the ghserved sonal wimd
component dudng GATE. The conwvective updralis
tramsport a slgnificant amount of horkontal momen-
tum vertleally, There are larger apparent momen-
tum sourees (Flgs, la and Lh) assoclated with a low-
level easterly jet amd stronger vertical wind shear
(Fig. l¢) during days 35 The observed ewolitlon
ol CMT s well reproduced by the WirYanal scheme
and also the Ehang-Cho scheme [not shown)., The
agreement hetween the CRM-produeed amd param-
eterkeed cloud mass M contributes o this suecess.
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Figure 1@ Ewolutlon of [a) apparent meoventm
soume (Fz) om 3D CEM, (b)) Fr [om the Wi
and Yanal CMT scheme with the convective pres-
sure gradient foree, amd [¢) east-west wind compo-
nent for the T-day period (1-T September 1974) dur-
ing GATE.

Figures 2a and b show the T-day mean verileal
pfiles of appavent momentum sourees pegd peed by
tle two schemes, respectively, amd the 300 CRM-
prduced GATE pesult. Both tle Wa and Yamnal
srheme and the Zhang amd Cho scheme reprodpce
the apparent momentum spuree obialned om the
A0 CRM. The Inclision of clowd-scale pressure gra-
dient loree In both schemes has a large Impact on
the Im-cloud momentum amd the parameterked ap-
parent momentum spuree, especially in the wpper
troposphere,
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Flgure 2: T-day mean vertkal profiles of apparent
momentum sguree [Fe) om (a) the Wu amd Yanal

convestive momentum scheme amd (b)) the Zhang
and Clao scheme. Solid lines arve om the 30 CEM,

dotted lines are pm two aclemes, and dashed lnes
are [rom two schemes without the comvective pres-
sure gradient loree.

5. GLOBAL IMPACT OF CMT

In order 1o assess global mpact of CMT, twe 3
year [1970 1908 OCMI simulations (without asd
with the CMT scheme) have heen comdicted using
il AMIP IT monthly 55T, Sinee the OOCM3 ses the
Lhang and McFarlane [1995%) convection scheme, the
implementation of the Zhang and Cho CMT scheme
in OCM3I Is stmightlorward. Upon the sseoessfiol
implementation of the Aralawa amd Schubert oon-
vection seleme In COM3, the Wu and Yanal CMT
srheme will be testod.

The msult shows strong Impacts of CMT on the
Inter-Tropleal Convergence Zone [[TCE) The glohal
precpitation distribution s cleser o e ohaerwed
ditribution than the stapdard CCM3I slmdation.
The December mean precipitation ower the tropl-
cal western Paclfie and the July mean precipitation
over the tropleal eastern Paclfic are reduced In the
runs with CMT, which are positive lmpacts Ior the
coupled mode] as the sta ndard COM3 prodisced oo
migch fesh water ower these reglons [or the omean
mupidel. Strong Impact ls also slown in the surlace
wind stress amd surface heat fux felds. A detall
analysk will be presented In the mesting.



