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ABSTRACT

Four packages of subgrid scale (SGS) physics parameterization are tested by including them in a general

circulation model and by applying the four models to 1-month forecasts. The four models are formulated by
accumulatively increasing the elaboration and the sophistication of the physics. The first is the reference model
(the A-physics); the second model (the E-physics) uses the Monin-Obukhov similarity theory for the fluxes of
surface boundary layer, the turbulence closure scheme for the fluxes in the entire atmosphere, and subsurface
soil heat conduction; the third model (the F-physics) replaces the cumulus parameterization by the Arakawa-
Schubert method; and the fourth model (the FM-physics) enhances the SGS orography. One-month integrations
are performed for eight January cases, with each case consisting of three different forecasts. Originally the
forecast performance was expected to be a stepwise improvement with the elaboration of the SGS physics from
the A to the FM, but the forecast results do not show up in such a simple way. The impact of these processes
on the 1-month integration is subtle and yetsignificant. The superiority of the F-model over the A- and the E-
models is evident in the last 10 days of the I-month forecasts, though the performance of the E-model is
consistently good, in comparison with the other models, in terms of root-mean-square (rms) error of geopotential
height. It is likely that 80% condensation criterion in the E (instead of 100%) is at least partly responsible for
the forecast deterioration in the last 10 days, compared with the F. The FM-model gives the lowest rms error,
but the predicted transient eddies are extremely low, probably due to the excessively enhanced orography. The
simulated global precipitation patterns are presented for the different models, and the drawbacks are discussed.
The F- and the FM-models produce spatially smooth distribution of tropical rainfall. The 30-day forecast
performance appears to be more sensitive to the initial conditions, rather than the SGS physics. The systematic
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errors in all of the models are substantial in magnitude, though they vary with the SGS physics.

1. Introduction

The effects of the subgrid scale (SGS) physics on 1-
month forecasts are studied by incorporating various
parameterizations into a general circulation model
(GCM). Three packages of the SGS physics were sug-
gested by Miyakoda and Sirutis (1977; subsequently
referred to as MS1) for the systematic and extensive
test of the impact on the GCM forecasts. These pack-
ages are referred to as the A-, the E- and the F-physics.

The A-physics represents the reference or the control
set of parameterizations, which is basically the GFDL
(Geophysical Fluid Dynamics Laboratory) 1965 ver-
sion of the physics package; the E-physics includes so-
phisticated boundary layer physics and turbulence clo-
sure scheme; and the F-physics uses the Arakawa-
Schubert cumulus parameterization.

These three physics packages represent a cumulative
increase in the sophistication of the subgrid scale phys-
ics parameterization. They were regarded in 1977 as

Corresponding author address: Mr. Joseph Sirutis, Geophysical
Fluid Dynamics Laboratory, P.O. Box 308, Princeton University,
Princeton, NJ 08542.

reasonably diverse and well defined sets from the
standpoint of the concept, as well as the practical for-
mulation, of the respective SGS physics, and therefore,
their impact on 30-day forecasts was expected to be
clear-cut and sizable. Freezing the GCMs that include
these physics, and applying these models to a certain
number of sample cases, we planned an intercompar-
ison to investigate the effects and the sensitivities of
these parameterizations upon the simulation of at-
mospheric general circulation and gross weather fore-
casts.

Preliminary results for four cases were reported in
the ECMWF (European Centre for Medium-Range
Weather Forecast) workshop on “Convection in Large-
Scale Numerical Models,” held in December 1983
(Miyakoda and Sirutis 1983; subsequently referred to
as MS2), and partially in Smagorinsky’s memorial
volume (Miyakoda and Sirutis 1985). The present pa-
per is the final documentation on the assessment of
these physics, based on 24 monthly runs for eight dif-
ferent January initial conditions.

During the course of this project, Wallace et al.
(1983) published an impressive paper that describes a
substantial improvement of the medium-range forecast
by using “envelope mountains.” Accordingly the pres-






