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Motivation Results Conclusions

To analyze cumulus convection, it is useful to separate the contributions from m» The CMT contributions from saturated and unsaturated air have
saturated air (air within the clouds) and unsaturated air (air outside or between different vertical profiles, and although the CRM CMT holds a strong

clouds, or free air).because th.ese otten have. difterent underlying mechanisms. Table 1. Definition of saturated and unsaturated up-and-downdrafts. W is the Julian day 358 Julian day 358 saturated air signature, the unsaturated air also significantly shapes it,

The core assumption made in all Convective Momentum Transport (CMT) vertical velocity (m/s) and QN is the non-precipitating condensate mixing ratio 3D ' ' ' * ' o within the lower-levels and above tropopause, via downdrafts.

parameterizations is that CMT mainly occurs within vigorous cumulus clouds (g/kg). ST

updrafts and downdrafts, i.e. CMT is dominated by large horizontal velocity * i || = The bin-mean total, saturated and unsaturated CMT compares well to

anomalies in the cumuli. Unsaturated updrafts and downdrafts are not taken ol ol | — UNSDN || the exact correspondent CMT simulated by the model -> little

into account, therefore they aren’t considered as subject of research. CMT QN W information relevant for CMT has been lost by binning.

parameterizations evolved, over time, in a particular direction where it is Saturated s 0.001 E s 5|

assumed that cloudy updrafts have the strongest signature on CMT leading to a Unsaturated o 1 Updraft h = Binning Up and Wp, without partitioning into saturated and

slower investigation of saturated downdrafts. These are not fully explored, no 10 10 unsaturated air, exposes a strong linear correlation between the bin-

saturated downdrafts parameterization is established so far. Consequently, Saturated > 0.001 averages.

understanding the roles played by the saturated and unsaturated air is of vital Unsaturated 0 Z 5 Strong Updrat | |

importance to aid the development of an appropriate parameterization of ] | ” | ] | | = Mid and upper troposphere are dominated by a C-curve structure

convective momentum fluxes within general circulation models. Saturated > 0.001 < -1 Downdraft e . frnnzmzj v e o ;Inzmzj v with little linear correlation in every binned saturated and unsaturated
Unsaturated © fields -> strong interaction with environmental air can be the cause?

Fig.1 Vertical profiles of the CMT for the whole CRM spatial domain,

contributed by saturated and unsaturated up-and-downdrafts : :
domains. / P ’ = The saturated air holds a strong correlation between buoyancy

acceleration and vertical velocity perturbation (Wp), which is expected

M O del & D ata for buoyancy-driven convective drafts.

C-HRA —e— SAT —e—UNSAlI'
: : : : : there are some levels, within mid and upper troposphere, where
* The simulations available to perform this study are provided by the System for |- — — - Bel2s — —Be128

.  dumnayss ) Julan day 356 ) Sulan day 353 = The unsaturated air exhibits poor correlation between buoyancy and
o T | Wp in many tropospheric levels, except in the stratosphere, however
- -
. . : Chy RRySie e e 5T T I | o re64 e buoyancy is almost zero for all Wp bins -> internal gravity waves driving
Atmospheric Modeling (SAM, Version 6.3), a Cloud-Resolving Model (CRM) 20| 20 - 20! - unsaturated air?
developed by M. Khairoutdinov at CSU(2003). ~

: : . . . g 15 E s E s
» e nllodel solve§ norﬁ—h}.fdrostla te 2 LG anel.astlc equatlofllls ee 3—hD1men51ona1, h h : = In future CMT parameterizations, downdrafts and unsaturated air
rectangular, cartesian horizonta grid (C',g“d) over a ilat and. OIMOZENEOUS 10} 0} 0} must be considered in order to accurately resolve cumulus convection in
surface, and it uses a single-moment bulk microphysical parameterization and has GCM models
prognostic equations for liquid—ice static energy, total non-precipitating water ° ot or
(vapor/cloud) and precipitating water. . S L : . S D | , oo
X The CRM uses three types of thermodynamic forcings and the radiation scheme oA s e e R e 04 ke e 013 0 0 . 05
: . . C oy . Up*iidp (m%1s?) Up*ip (m s %) Up*ip (rm21s 2)
is provided by the Community Atmosphere Model (CAM), which is a GCM from
NCAR. Fig.2 Vertical profiles of the binned CMT for the Fig.3 Vertical profiles of the binned CMT for Fig.q Vertical profiles of the binned CMT for

whole CRM spatial domain. the saturated CRM domain. the unsaturated CRM domain.

X 3D and statistics data files from a 120-day simulation (the full TOGA COARE f

time period from Nov 15t 1992 to Feb 28th 19}:)3), for a small (64 x 64 horizontal Re erences
grid point) doubly-periodic domain, 1 km horizontal resolution and 96 vertical
levels between the sea surface and 30 km of height are used.

X An additional 256x256x96 large-domain simulation was performed for a 10

. ) : ) , Blossey, P. N., C. S. Bretherton, J. Cetrone, and M. Khairoutdinov, 2007:
day subperiod (Dec 16 to 25, 1992) with strong convection combined with

Bs256:223 - SAT 223 - UNSAT Bs256:Z45 - SAT 245 - UNSAT Cloud-resolving model simulations of KWAJEX: Model sensitivities and
substantial mean vertical zonal wind shear, conditions favourably for strong CMT o, w o, b e r— | | ” — ' | ' i i i i '
T, . y 8 - I e SR . o | . | 1. ] comparisons with satellite and radar observations. J. Atmos. Sci., 64,
X Case-study: cumulus-scale characteristics of convective momentum transport g s G‘% 1 g _ sl . J ‘ ' go || ™ ° ] T = .z ‘ 1488-1508.
. 5 . . _ . g 0 0 0 %«@ g 0 i R2{o)=4P% - £ 5} 4 0 i . .
during a specific deep convective episode - the late December westerly wind burst, e K@ S e : @Oo\' | § e 5 ‘L - Carr, Matthew T., and C. S. Bretherton, 2001: Convective momentum
-2 0 2 4 -2 0 7 4 -2 0 2 4 o . : oY% e ! : o ] -2 . ()=48% - . . (e . .
1992. ’ T Ramas 2 o : : P20 00 ob : % B transport over the tropical Pacific: Budget estimates. J. Atmos. Sci., 58,
o, e o, oeREE g, oERER 804 002 0 002 004 002 0 002 004 805 004 002 0 002 0.02 0 0.02 004 1673-1693.
—_ o= T3 o= 2 62 o o= 2 . .
z s ° 5 . 5 9 — 4 — - 262- SAT : 262 - UNSAT Gregory , D., R. Kershaw and P. M. Inness, 1997: Parametrization of
— @ - - + - - . v P g v v . v v v A ° °
2 0 So . 0} ES, 0} R T = o] o Momentum Transport by Convection. Part II: Tests in Single Column and
g g 8 g © R2()=49% 2 : 0 . e '22(3'-?1&'4 i 5 i 21 o !
= ; ; : = : : : =) : : : =49% . 2()=44% < ¢

General Circulation Models. Quart. J. Roy. Meteor. Soc., 123, 1153-1183.
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’ N 1 2 [R2(0)=15% o . - : : 2 t R2(0)=9.1% - . .
G 5| o T S| o =T S| o T : E.zlf.))=41g% 2% nz-;.))=3gz-:/c i 8 by convection. I: Theory and cloud modelling results. Quart. J. Roy.
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S D.j s Sy et _ 735-SAT ‘ o ZI-UNSAT 5 212-SAT . Z83-UNSAT LeMone, M. A., G. M. Barnes, and E. J. Zipser, 19084: Momentum flux by lines
N e e e 10 R2o)-61 ) > 2 2 of cumulonimbus over the tropical oceans. J. Atmos. Sci., 41, 1914-1932
sele 5220, sles, ()=12% o . . . | . .

X Definition of saturated and unsaturated updrafts and downdrafts grid points - 12 -y 12 a5 12 [ccazs o 2 s ) T . s 0 - 8l g e : SON _ Mapes, B. E., and X. Wu, 2001: Convective momentum transport in long
(Gregory et al. 1997) - Table 1. § . %@G . %ﬁ . #% 2 3,.“. st ° ‘g - £ 4] o .o | P hog | cloud-resolving model simulations. J. Atmos. Sci., 58, 517-526.
X Vertical-velocity binning approach is applied to the 3D small domain hourly sL.° sl o . . sl Ta gl = R L% R b e il i b g o
data set for Julian day 358, but first tested on a single tridimensional CRM Up (mis) Up (i) Up (mis) T osewo R T T osawo T w0
volume.
X Bin sizes of 512, 256, 128 and 64 elements are tested.
X Binned fields: zonal velocity perturbation (Up in m/s), the density temperature Fig.5 Scatter plots of binned u' (Up) and w' (Wp), Fig.6 Scatter plots of binned saturated and Fig.7  Scatter plots of binned saturated and Z; I(n 1 d m nt
(Ta 1n K) and the buoyancy acceleration (By in m/s?). for specific bin sizes of 512, 256 and 128 elements, unsaturated Buoyancy (By - circles), u’ (Up/100) unsaturated Buoyancy (By), u’ (Up/100) and c OW e g e S
X Binning is very helpful method because the correlations of horizontal and at vertical levels of Z23 (3.625 km), Z35 (6.625 and w' (Wp), for the bin size of 256 elements, at w' ( Wp), for the bin size of 256 elements, at
vertical velocity perturbations that create CMT are relatively weak, 0.1 or less at km), Z45 ( 3-125 km) C;nd 262 (1%2137.5 km), ?Ulth the vergzcal lev(els of Zib’ )(3-62:’5hkm}% 730 (5.375 clicm) gertl?aé legeli 0]; ?45 (9.125 kn:i),bZ62 (1%3273 k?),
many vertical levels, and binning w filters out most of the noise, isolating the correspondent correlation coefficient values (in and Z35 (6.625 km), with the correspondent 72 (16.281 km) for saturated bins and Z83 (21 , .
corrglated part of the Variabilitgy without assuming a particular (e.g. 1irglear) %) . correlation coefficient squared (in %). km) for unsaturated bins only, with the {JV\{ould.thke fto V;c]harﬁlf t(t) to ;he Eepﬁrtm?}it' of Atmos};l)hetnc t?lmerIl)cest of the

. L 2. o . . : correspondent correlation coefficient squared (in niversity ot - vvasiington 1or ROStng this resedrcl, 1o the rortusuese
structure for this variability, providing clarification of the mechanisms involved in %). Foundation for Science and Technology @~ Ph.D fellowship BD/SFRH/
the CMT. 2005/22932, and to EGU 2011 Young Scientist Travel AWard (YSTA) 2011 for

financial support.
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