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ABSTRACT

A preliminary evaluation is made of the medium range predictive capability of a GFDL global spectral
model of the atmosphere, based upon three winter blocking cases. Analogous forecasts by a GFDL global grid
point model provide a background standard of comparison. The spectral model is rhomboidally truncated at
wavenumber 30, has 9 sigma levels, incorporates sub-grid scale physical processes commonly associated with
general circulation models and employs semi-implicit time differencing. The grid point model has somewhat
finer horizontal resolution and fairly similar sub-grid scale physical processes, and employs explicit time dif-
ferencing, The spectral model is up to 6 times more economical,

The level of forecast skill for the 5 to 15 day range is generally less than practically useful and is more case-
dependent than spectral versus grid point model-dependent. In the most successful case, i.e., 16 January 1979,
an observed Atlantic blocking ridge is simulated quite well, especially by the spectral model. The predicted
Atlantic ridges tend to retard approaching upstream transient disturbances. A zonal bias of the midlatitude
circulation, which develops in all three spectral and grid point model predictions is most pronounced in the
spectral model forecast from 1 January 1977.

Results of a diffusion sensitivity experiment and other evidence suggest that insufficient frictional dissipation
may have enhanced the zonal bias of the above forecast. The bias diminishes, consistent with a redistribution
of spectral kinetic energy among zonal wavenumbers 0, 1 and 2, if a static stability-dependent parameterization
of vertical mixing or stronger V* horizontal diffusion are used. Also, the predicted-enstrophy spectrum at
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midlatitudes steepens, given the stronger V* horizontal diffusion.

1. Introduction

Considerable attention has been focused during the
past decade on medium range numerical weather pre-
diction. Not only is this forecast range of intrinsic
interest. But, in addition, the results could provide
guidance for the development of long-range prediction
models. Miyakoda, et al. (1972; 1979) demonstrated
the feasibility of medium range numerical prediction,
using a hemispheric, 2.25° resolution, 9 level grid point
model. Their predicted large-scale geopotential height
field retained limited but detectable skill beyond 10
days at 500 mb and 5 days at 1000 mb. Meanwhile,
some imptessive medium range prediction models have
been developed at the European Centre for Medium
Range Weather Forecasts (ECMWF), A global, 1.875°
resolution, 15 level grid point model is currently being
integrated out to 10 days on an operational basis. Ac-
cording to Hollingsworth et al. (1980), its forecasts
have practically useful skill for 5 to 6 days. Further-
more, using a spectral model, triangularly -truncated
at wave number 63, this range can be extended by 6
to 9 hours, according to Jarraud et al. (1981).

The success of the above prediction models is related
to their moderately high spatial resolution and to ad-
equate physical processes of the type found in general

circulation models (GCMs). From a practical stand-
point, an extended range prediction model must also
be computationally efficient.

With the above requirements in mind, a global spec-
tral prediction model with orography, land-sea con-
trast, moist processes, dry and moist convective ad-
justment, radiative transfer and horizontal and vertical
sub-grid scale mixing has been developed at the Geo-
physical Fluid Dynamics Laboratory (GFDL). A de-
tailed documentation may be found in Gordon and
Stern (1982, hereafter referred to as GS). The standard
version, i.e., R30L.09 is rhomboidally truncated at wave
number 30, has 9 sigma levels, utilizes leapfrog semi-
implicit time differencing and incorporates the so-called
“A” physics parameterization of sub-grid scale vertical
turbulent mixing. In the surface boundary layer, ver-
tical diffusion is governed by bulk aerodynamic drag
laws. Within the planetary boundary layer, the diffusion
of momentum and water vapor is based on Prandtl
mixing length theory for a neutrally stratified atmo-
sphere. The more advanced “E4” physics (see GS or
Section 5) has been implemented as a spectral model
option.

The main objective of the present paper is to provide
a preliminary assessment of the medium range pre-
dictive capability of the GFDL R30L09 global spectral
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