Summary

Effects of ice clouds on barotropic and baroclinic processes over the deep tropical convective regime are examined through the
analysis of difference In budget of perturbation kinetic energy between the control and sensitivity two-dimensional cloud-
resolving model simulations. The sensitivity experiment excludes ice hydrometeor and assoclated microphysical processes. Both
experiments are imposed by large-scale forcing from Tropical Ocean Global Atmosphere (TOGA) Coupled Ocean Atmosphere
Response Experiment (COARE) (Fig. 1). The exclusion of ice clouds generally enhances baroclinic conversion from perturbation
avallable potential energy and reduces barotropic conversion from perturbation kinetic energy to mean Kinetic energy (Figs. 2 and
3). The analysis of the root-mean-squared difference and linear correlation coefficient using data of difference budget between
sensitivity and control experiments reveals that while baroclinic conversion process plays a major role in budget difference,
barotropic conversion processes show a significant modification in the tendency difference in perturbation circulations (Fig. 4).
While both experiments are imposed by the same large-scale forcing, the difference In barotropic conversion between the two
experiments Is associated with the difference in vertical flux of zonal momentum (Fig. 5). The differences in vertical flux of zonal
momentum and barotroic conversion are positively correlated near the surface whereas they are negatively correlated in the mid
and upper troposphere (Fig. 6). The differences in tendency of vertical flux of zonal momentum and zonal flux of ice
hydrometeor have the smallest root-mean-squared difference, indicating that the difference in zonal flux of ice hydrometeor
accounts for the difference in tendency of vertical flux of zonal momentum (Fig. 7).

Perturbation Kinetic-energy budget Budget of vertical flux of zonal momentum

oK C.(K,K)+C.(K,K)+C(P,K) +GqV(K') +Gq|(P') BKEC2, :I;KECZOI + BaKECZ + BKEC2,, + BKEC,, + BKEC,,

ot
"\ 2 '\2 BKECZt = —BKEC2 = ( pUW)
< U+ w)’, ot > it -
B ZT 5G° BKEC2, = pwW' — (2u'U” +u'u' )+ W —p(W'U" + W u'+w'u')
| ) BKEC = BKEC1*BKEC2 OX 0z

__ —— OW° +,5u’£(u'v_v0 + U W'+U'W') + u’gﬁ(Zw'v_v" +ww')
] OX _ 0z

B _ ,o0r ,o(0r
C(P',K'):[g—] BKEC1=du BKEC2  =c ow O7') - U O7')

T, ~ e _ OX OZ
G,,(K) =[0.61gwq, ] SREC 2SN BKEC2,, = —,Bgu’g

0]

Gy (K) =—{gwg,] BKEC?2,, = -0.61pgu’q,’
[01= [, P0dz

Height (km)

Height (km)

21DEC 23DEC 25DEC 27DEC 29DEC JAN 3JAN S5JAN  7JAN
1992 1993

Height (km)

Height

12 e
101
) 8 V‘ ! } i
6 TNl T
2 4 " Rl ‘U ‘
(V] ‘ |‘.|x ! Wi
2 1 l L | i
l »" ‘i N \

El
— =)
E - "
~ fn = 4 ‘
= 2 i i | 4
o T SRR Ra 'm “”M‘
fﬂ ' )EC 27DEC 29DEC 113@@ 3UAN  SUAN  7JAN 21 ——
o S — \ N : : ; : : ; . .
T £ “" ’ ‘ ‘ E V T -0.9 -0.6 -0.3 0 0.3 0.6 0.9
x ‘ ' ) M l I & l 1 * ‘ Correlation Coefficient
= .. ll "h'n‘ mm. | féﬂ 6 1 ’ I | M i L
© l u m f l"" g ; , I ] 4‘"*
= N w Y Y i TR TR Fig. 4 Vertical profiles of (a) root-mean-squared differences (RMSDs; 10° Js?)
2106C 230EC 250EC 270EC 200EC N T T _ 1993_ and () correlation coefficients between tendency of perturbation kinetic energy
1992 1993 - = = 0 -2 -8 -4 0 4 8 12 and barotropic conversion (red), baroclinic conversion between perturbation
[ Fig. 2 Time-height distributions of budget of perturbation kinetic energy [(a) available potential energy and kinetic energy due to vertical flux _of he_at (green),
-1z -8 -4 0 4 8 12 tendency of perturbation kinetic energy, (b) barotropic conversion between mean Fig. 3 As in Fig. 2 except for those of differences between water vapor (blue) and cloud hydrometeors (orange)calculated using difference
Fig. 1 Temporal and vertical distribution of large-scale forcing including (a) and perturbation kinetic energy and baroclinic conversion between perturbation sensitivity and control experiments. Sfatr?dgertjwde:\r/]i :teig?t(;\;lttr)\/eatgcrjl g::;roilnez(a%egrr&eggst.t 51'?;3:(920;;?] cl)ltr;ec?iet?c(ztles the
vertical velocity (cm s%) and (b) zonal wind (m st) from TOGA COARE. available potential energy and kinetic energy due to vertlgal flux of (c) heat, (d) ) n ¢ y n(a), _
water vapor and (e) cloud hydrometeors] in control experiments. correlation coefficients for 99% confidence level in (b).
(a) a)
] “w — 14 -
14 |
12 ML, ‘ H R Y 0
o101 <
£ EX 3
8 T
= 6|
@
T 4l
2 .
2

E
= (®)

211969E2C 23DEC 25DEC 27DEC 29DEC

ght (k

¢ = D |
JAN JAN 7JAN ) :
0 1 12
H -09  -06  -03 0 0.3 0.6 0.9 101
‘ LY Correlation Coefficient

oA | ~ |
) ' ‘ . [y |
"W IO ot G
LG Jﬁ ' i I
g | ” | “ | ,'4

2 | | [ | | ~0.4 ~0.2 0 0.2 0.4
' Correlation Coefficient

Height

N NS (o)} (0]
1 1 1 1

2119D9E2C 23DEC 25DEC 27DEC 29DEC 1JAN  3JAN  5JAN  7JAN

1993 Fig. 6 Vertical profile of correlation coefficient between vertical wind shear and vertical flux of zonal momentum Fig. 7 Vertical profiles of (a) root-mean-squared differences (RMSDs; 10* Jm-1s1) and (b) correlation coefficients
T s shown in Fig. 4 (blue) and vertical wind shear and barotropic conversion (red) and vertical flux of zonal between Term BKEC2, and Term BKEC2, (red), Term BKEC2, and Term BKEC2,, (green), and Term BKEC2, and
-6 -4 -2 0 2 4 6 momentum and barotropic conversion (green). Dotted lines denote critical correlation coefficients for 99% Term BKEC2,, (blue), Term BKEC2, and Term BKEC,, (orange) and between Term BKEC2, and Term BKEC2,,
Fig. 5 Time-height distributions of (a) imposed zonal-wind difference in vertical confidence level. (cyan). The standard deviation of Term BKEC2, is excluded in (a) because it is negligibly small. Dotted lines denote

layer (BKEC1; ms™) and (b) difference in vertical flux of zonal momentum ( critical correlation coefficients for 99% confidence level in (b).
BKEC2; 10° Jm1) between sensitivity and control experiments.



