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Intéraction of a Cumulus Cloud Ensemble with the Large-Scale Environment. Part I1I:
Semi-Prognostic Test of the Arakawa-Schubert Cumulus Parameterization
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(Manuscript received 26 August 1980, in final form 14 September 1981)

ABSTRACT

The verification of the Arakawa and Schubert (1974) cumulus parameterization is continued using a
semi-prognostic approach. Observed data from Phase III of GATE are used to provide estimates of the
large-scale forcing of a cumulus ensemble at each observation time. Instantaneous values of the precipitation
and the warming and drying due to cumulus convection are calculated using the parameterization.

The results show that the calculated precipitation agrees very well with estimates from the observed large-
scale moisture budget and from radar observations. The caiculated vertical profiles of cumulus warming
and drying also are quite similar to the observed. It is shown that the closure assumption adopted in the
parameterization (the cloud-work function quasi-equilibrium) results in errors of generally <10% in the
calculated precipitation. The sensitivity of the parameterization to some assumptions of the cloud ensemble
mode] and the solution method for the cloud-base mass flux is investigated.
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F1G. 1. A schematic diagram showing the role of large-scale
observed data in the verification of a cumulus parameterization.
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F1G. 2. A schematic diagram comparing the precipitation rates

obtained from a semi-prognostic approach and from the observed
moisture budget.



Recall that from Parts I and II that the cloud-work
function is a generalized measure of the moist con-
vective instability in the large-scale environment and
1S givén in continuous form by

~ [ g e o
A(I) _ J;B T(Z) 7?(2': I)[TUC(Z! Z) T TU(Z)]dZ, (3)

The subensemble variables n(z, i) and T,(z, i),
and thus A(7), are determined by the vertical distri-
butions of T and §,, the cloud-base water vapor mix-
ing ratio and moist static energy g,,» and 4,,, and z.



of Cox and Griffith (1978). The large-scale temper-
ature and moisture fields are modified by the advec-
tive and radiative processes over a time Af to give

_ _ [/8T aT ]
T =T, + (——) + (—-—) At  (5a)
) L\ Ot/ spy 0t /Rap—

and

g, = (Gu)o T ( 1 ) At (5b)
at ADV

Next, the modified fractional entrainment rate A (i)

and cloud-work function A4'(i) are calculated from
the large-scale fields 7' and g ;. The large-scale forc-
ing for each cloud type is then calculated from

A'(i) — Aui)
At '

The time interval Az = 30 min is used in this study.

F(i) = (6)



The large-scale data are taken from the B- and
A/B-scale network data for Phase III of GATE as
analyzed by Thompson et al. (1979). Values of T,
g,, their horizontal and vertical derivatives, and all
velocity components are given for the center of the
B-scale array every 3 h at the surface and at 25 mb
intervals from 1000 to 100 mb. Details of the analysis
procedure are given in Thompson et al.
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FIG. 4. A time series of the cloud-layer forcing (kJ kg~' day™') for each cloud type
for case Q. The contour interval is 1 kJ kg™’ day~'. The ordinate is the cloud-top
pressure p (mb).
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F1G. 5. The time-averaged cloud-layer forcing for case Q over the period 1-18
September. The ordinate is the cloud-top pressure p (mb).
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FIG. 6. A time series of precipitation rates (mm day™') from 1-18 September
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estimated by case Q, the observed moisture budget and radar.
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F1G. 7. A time series of cloud-base mass flux (mb h™') for each cloud type for case
Q. The contour intervals are 0.25, 0.5, 1.0, 2.0, 4.0 mb h™’.
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F1G. 8. The time-averaged cloud-base mass flux (mb h™") for
each cloud type for case Q.
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FIG. 9. The time-averaged calculated and observed Q,-Qx for case Q.
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F1G. 10. The time-averaged calculated and observed Q. for case Q.



-I-||I1|I|1|rlrlrll[1—riIlil[lI:IIIIT

i
ol . 8/ 9 Z
i N

900}~ | -

FUNURY EUTE UV NN SUNE AN SRS UNE |
i 2 3 4 5 o T 8 9 W 1t 12 13 14 B 6 17 18
SEPTEMBEF

100

=)o

FIG. 4. A time series of the cloud-layer forcing (kJ kg~' day™') for each cloud type
for case Q. The contour interval is 1 kJ kg™’ day~'. The ordinate is the cloud-top
pressure p (mb).
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Fi1G. 11. A time series of [dA4/dt]oes for each cloud type. The contour interval is 1 kJ
kg~! day. The shaded area corresponds to [dA/dt]oss < 0.
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Fi1G. 11. A time series of [dA4/dt]oes for each cloud type. The contour interval is 1 kJ
kg~! day. The shaded area corresponds to [dA/dt]oss < 0.
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Cases F1-F3 are designed to show the various
components of the cloud-layer forcing. Case F1 con-
siders the response of the cumulus ensemble to (9T/
D apy Wwhile neglecting (87/3t)rap and (9q,/
) apv 1n (5). Case F2 considers the response to
(3G./dt)anv While neglecting (87/8)apy and (87T/

dt)rap- Case F3 considers the response to (8T /3t)gap
while neglecting the advective forcing.
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FIG. 14. As in Fig. 5 except for cases F1-F3.
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F1G. 15. As in Fig. 6 except for cases F1-F3.
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