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TaBLE . Assumptions used by dynamic contro), static control, and feedback in common parameterization schemes.

Scheme

Dynamic control

Static control

Feedback

Kue

Kanamitsu-Krishnamurti

Anthes

Molinan

Bougeault

Arakawa-Schubert

Kreiteberg—Perkey

Fritsch~Chappel

integrated moisture convergence

integrated vertical advection of
maoisture

integrated moisture convergence

integrated vertical advection of
moisture

instantaneous /i profile
+ moisture convergence

rate of destabilization by larger-
scale changes

instantaneous stability
dependent

instantansous stability
dependent

moist adizbatic lapse rate

moist adiabatic lapse rate

Simpson and Wiggert
cloud model
sophisticated
microphysics

moist adiabatic lapse rate

moist adiabatic
entrainment possible

constant entrainment no
microphysics

sophisticated
mictophysics

downdrafts using simple
entraining parcet
. concept

heating and moistening
proportional to T, — T and

de—q
asin Kuo

as in Kuo

as in Kuo

steady state

steady slate

steady state and lateral mixing

steady state and lateral mixing

Precipitation Parameterization for

#z— . HEFFAKBREHESEAREATN

R~ W B R IR TR 69 Rk -

Ying-Hwa Kuo

National Center for Atmospheric Research

P.O. Box 3000, Boulder CC 80307

Abstract

Mesoscale Models

Precipitation is a very important physical process, which can

occur on many different scales. To properly treat the precipitation
physics, a mesoscale numerical model needs to incude both the grid-
resolvable scale precipitation parameterization and sub-grid scale
precipitation parameterization. Over the past 30 years, a large
number of precipitation parameterization schemes have been
_developed. However, there are very little systematic tests been
performed to evaluate these schemes. In this paper, we review tests
of precipitation parameterizations conducted over the past 5 years
using the Penn State/NCAR mesoscale model. The results suggest that
for the general application of a mesoscale model, it is necessary to
include sophisticated microphysical processes into both precipitation

parameterizations. For the resolvable scale precipitation

parameterization it is important to include prediction equations for
cloud water, rain water, and cloud ice. For the sub-grid scale
precipitation parameterization, the inclusion of convective scale
downdraft is essential.
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