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1. INTRODUCTION

The prognostic approach has been increas-
ingly popular for the prediction of liquid/ice water
content in the mesoscale model community. In this
approach, the temporal evolution of the cloud wa-
ter is determined by the combined contributions
from various cloud dynamical and microphysical
processes, two of which are the turbulent liquid
water transport and condensation. While interact-
ing with each other, these two processes have
profound impacts on the cloud dynamics and mi-
crophysics, and should be realistically represented
in a mesoscale model.

The mixing-length (or down-gradient) ap-
proach is generally acceptable for parameteriza-
tion of the turbulent flux of the quasi-conservative
scalars such as liquid water potential temperature.
The approach, however, does not represent the
nature of the liquid water transport, which is domi-
nated by the turbulence generated condensation
as discussed by Wang et al. (2003). Despite its
severe defect, the down-gradient approach con-
tinues to be used in some mesoscale models such
as Navy's COAMPS™. In this approach, the turbu-
lent mixing tendency of any variable @ is computed
from
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where K is a function of turbulent kinetic energy
(TKE) and mixing length.

The influence of the liquid water flux on the
turbulence dynamics has been well documented.
This work is focused on the impact on the cloud
microphysical process in a mesoscale model. We
first introduce a simple algorithm to compute the
liquid water flux based on the non-conservative
variables such as potential temperature and liquid
water content. We then discuss the impact of the
liquid water flux on the condensation and evapora-
tion using a single column version of COAMPS.

2. A CONSERVATIVE MIXING PROCEDURE

COAMPS™ uses the non-conservative vari-

ables, potential temperature (8 ), water vapor mix-
ing ratio () and liquid water mixing ratio (g, ), as

prognostic variables. To correctly compute the tur-
bulent fluxes of these variables, one needs to for-
mulate a mixing parameterization using the con-
densation process-conserved variables like liquid

water potential temperature (6_?| ) and total water
mixing ratio ( ;). Our approach can be described

as follows.
After all other (except for the turbulent mixing)

dynamic processes are performed, §| and @; are
computed with the inter-mediate values of & , Oy
and @ . The fluxes of § and G, W6 and Wq; ,
are calculated using the normal mixing-length ap-

proach. The liquid water flux w'q; is then com-
puted from
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where vy is a thermodynamic coefficient weakly de-
pendent on height. Note that (2) does not include
any cloud fraction parameterization, and only ac-
counts for the 100% cloud fraction condition. Con-
sequently, the tendency due to the turbulent mix-

ing for @ , gy and q; can be obtained from
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where Agﬁ and A4q; are computed using the

fluxes w' g and w'q; . After the mixing tendency is

computed, a saturation adjustment procedure is
followed to calculate the condensation rate to up-
date the microphysical tendency for the three vari-
ables. Equation (2) is the key in this procedure,
which leads to different results from those ob-
tained by (1), as discussed in next section.

3. SINGLE-COLUMN COAMPS SIMULATIONS



To understand the impact of the new scheme,
we use the single column version of the
COAMPS™ (Az=50 m) with the above two differ-
ent mixing schemes to simulate the stratocumulus
case documented in Bechtold et al (1996). Al-
though the two mixing schemes are used for the
prediction of @, the liquid water flux based on

Sommeria-Deardorff approach (Sommeria and
Deardorff, 1977) is always used to calculate the
buoyancy flux for the TKE production. Therefore,
the different mixing schemes should not signifi-
cantly change the turbulence dynamics. The single
column model is run for 6 hours and all the results
presented below are computed at the end of the
simulations.
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Fig. 1. Turbulent fluxes of 6, and ¢; . Solid lines denote
the results from the old scheme, dashed the new
scheme.

Fig. 1 shows that the different schemes result
in the essentially the same turbulent fluxesw' g

and w'g; . This is because these conservative

fluxes are approximately linear combinations of
the fluxes of q,, 8 and q,, and thus can be repre-
sented even by the down-gradient mixing formula-
tion of the non-conservative fluxes. This also re-
flects the fact that the buoyancy flux is always cal-

culated based on the conservative fluxes w4

and w'g; in both runs. Consequently, the two

simulations predict the same well-mixed mean
thermodynamic structure as shown in Fig. 2.
Although the mean structures from the two
runs are the same, the turbulent fluxes of the non-
conservative variables are dramatically different as
demonstrated in Fig. 3.The down gradient scheme
(denoted by “old”) leads to large positive water va-
por and large negative heat flux due to the G, and
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Fig. 2. Mean thermodynamic structure at the end of simula-
tions. The structures from the two simulations are essentially
same and only one is presented here.

@ gradients in the cloud layer (as shown in Fig. 2).
The values of w'8' and w'q, based on the

D 20 40 6D 80 100

1400 -

1200 -
=000
200 4

&00+

Height (m

400 A

2004

) 200 400 500 800 1000

Water vapor flux (W/m,/m)

—80 —60 —40 —20 Q 23 40 60 80
14004 b

1200 A

1000

200 A

Height (m

600

400 1

200 A

_B00-B00-400-2Z00 O 200 400 800 8O0
Heat flux {(w/m/m)

Fig. 3. Water vapor (a) and heat (b) fluxes resulting from
the old and new mixing schemes.



The down-gradient mixing are clearly not re-
alistic, as they fail to represent the condensation
and evaporation associated with the turbulence
mixing. The flux w'&’ derived from the new mixing
procedure (2) — (4) is positive and w'q, slightly
decrease with height in the cloud layer because
the condensation (evaporation) in the turbulent
updrafts (downdrafts) results in more heating
(cooling) and less (more) water vapor.

The down-gradient liquid water flux is largely
negative and unrealistic (Fig. 4a) The positive flux
calculated from (2) reflects the nature of the con-
densation and evaporation associated with the
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Fig. 4: Liquid water flux and condensation rate.

turbulent updrafts and downdrafts. Due to the sig-
nificant downward liquid water and heat transport,
and upward water vapor transport, there is con-
siderable evaporation at the cloud base and con-
densation at the cloud top in the “old” simulation.
This condensation profile is clearly unrealistic, as
the major condensation should occur at the cloud
base and evaporation at the cloud top. The new
mixing scheme results in condensation at the
cloud base and evaporation at the cloud top,
which is consistent with our basic understanding of
the cloud microphysics and with the results from
the coupled large-eddy simulation and bin micro-

physics model. The large condensation rate at the
cloud top is related to the strong radiative cooling
there.

Although the condensation profiles are very
different for the two simulations, the mean liquid
water contents are same as shown in Fig. 5. This
occurs because the mean thermodynamic struc-
tures are same (Fig. 2). The inter-mediate values

of 6, gyand @, from the old scheme (after the

mixing and before the condensation) can be very
unrealistic due to the erroneous down-gradient
mixing for these non-conservative variables.
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Fig. 5: Mean liquid water content.

These single-column simulations show that
the turbulent flux parameterizations have signifi-
cant impact on the computed condensation profile
due to the close coupling between the turbulence
and the condensation.
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