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ABSTRACT

GCM experiments with zonally symmetric climates are used to demonstrate that the increase in the meridional
eddy momentum fluxes and zonal surface winds that occurs when resolution is increased is primarily due to
the increase in meridional rather than zonal resolution. It is argued that the sensitivity to meridional resolution
reflects the need to resolve the small scales generated in the Rossby wave field as waves radiate from the
midlatitude baroclinic eddy source region into regions with small mean winds. Some additional experiments
highlight the sensitivity of surface winds and eddy momentum fluxes to the subgrid-scale horizontal mixing

formulation in low-resolution models.

1. Introduction

A substantial amount of climate modeling research
has been conducted with low-resolution spectral
GCMs, typically using rhomboidal-15 (R15) or tri-
angular-21 (T21) truncation. Among the problems that
such low-resolution models possess, one of the most
serious is that they underestimate the horizontal eddy
momentum flux. This flux is found to increase very
substantially when the resolution of the model is in-
creased. The surface zonal winds also increase in
strength since a larger surface stress is needed to balance
the larger momentum flux convergence in the atmo-
sphere. The large momentum flux in higher-resolution
models has led modelers to include an estimate of the
mountain torque due to subgrid-scale topography
(*“gravity wave drag”) so as to avoid overestimating
the strength of the Northern Hemisphere surface west-
erlies (Palmer et al. 1986).

This tendency of spectral atmospheric models with
increasing resolution was documented by Manabe et
al. (1978). Boer and Lazare (1988) describe broadly
similar results. The systematic errors in the prediction
model of the European Centre for Medium-Range
Weather Forecasts, described by Tibaldi et al. (1990),
paint the same picture: these systematic errors change
relatively little once the resolution rises above T42, but
the differences between the T21 and T42 models are
large and qualitatively similar to that seen in other
spectral models. Eliassen and Laursen (1990) describe
similar results from a two-level model, and also point
out that the momentum fluxes in their model are sen-
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sitive to the horizontal diffusivity. Boville (1991) has
more recently described calculations in which the mo-
mentum fluxes continue to increase as the resolution
is increased beyond T42.

The poleward heat flux by large-scale eddies is less
sensitive to resolution than is the momentum flux. This
is partly a consequence of the fact that if a climate
madel predicts too small a value for the atmospheric
poleward eddy heat flux, self-correcting feedback comes
into play: the meridional temperature gradient in-
creases, enhancing the baroclinic instability of the flow
and the associated heat flux. In addition, the static sta-
bility decreases if vertical eddy heat fluxes are weak-
ened, further enhancing the instability. In contrast, if
the horizontal eddy momentum flux in midlatitudes
is underpredicted, the incentive for the model to correct
this flux is relatively weak.

The potential for feedback does exist for the mo-
mentum fluxes. In particular, James and Gray (1986)
have demonstrated that the momentum fluxes can feed
back on the instability through the strength of the sur-
face winds. The stronger the surface winds, the stronger
the meridional shear in the zonal flow throughout the
troposphere (think here of the meridional temperature
gradients as being fixed), and this meridional shear
tends to stabilize the flow to baroclinic instability. But
the experiments outlined above clearly indicate that
this “barotropic governor” is relatively weak compared
to other feedbacks in the system, at least when the mo-
mentum flux is smaller than or comparable to the ob-
served flux. It is likely that this feedback plays a more
significant role when the system tries to create mo-
mentum fluxes that are /arger than the observed flux.

A plausible explanation for the sensitivity of the
momentum fluxes to model resolution follows from
the relation between the momentum flux and merid-






