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ABSTRACT

Seasonal, zonal surface torques between the atmosphere and the earth are estimated and compared, using
data from a number of independent sources. The mountain torque is computed both from surface pressure
data and from isobaric height data. The friction torque is estimated from the oceanic stress data of Hellerman
and Rosenstein. Results for the total torque are inferred from atmospheric angular momentum data. Finally,
the globally integrated total torgue is compared with astronomical observations of the earth’s rotation rate.
These comparisons help us to assess the quality of the different resuits.

Zonal torques are also computed using results from a GFDL general circulation model of the atmosphere.
A comparison with the corresponding results inferred from real data is presented and interpreted in terms of

model accuracy.

1. Introduction

The thermal and dynamical coupling between the
atmosphere and the underlying solid earth and oceans
plays an important role in determining the atmospheric
circulation. The dynamical coupling is caused by sur-
face tractions at the air-earth interface and can be
separated into the effects of pressure (i.e., normal trac-
tion) and viscous or frictional shear (i.e., tangential
traction).

A useful way to discuss this coupling and the ac-
companying circulation is in terms of the exchange of

atmospheric angular momentum, as suggested by Starr .

(1948). In this formulation the surface coupling is per-
ceived as an external torque on the atmosphere which
causes a transfer of angular momentum between the
atmosphere and the earth. The surface pressure forces
are associated with the ““mountain torque” (the surface
torque due to unequal pressure on opposite sides of a
topographic feature), and the surface frictional forces
are responsible for the “friction torque”. Since the
atmospheric circulation is predominately zonal, most
interest has focused on identifying the zonal compo-
nent of the torque.

The zonal mountain torque in the midlatitude
Northern Hemisphere was first estimated by White
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(1949) from sea-level and upper-air pressure data. In
that study, as in most other studies of zonal torques
(including this one), only the zonally averaged torque
and only the seasonal cycle were considered. Newton
(1971a) and Oort and Bowman (1974) used a slightly
different method to estimate the zonal mountain torque
which required isobaric height data from the global
rawinsonde network.

A problem with both these methods of estimating
mountain torques, is that the data resolution is not
always compatible with the horizontal scale of the
earth’s topography. For example, the mountain torque
caused by small-scale topographic features can not be
reliably estimated (see Smith, 1978). Perhaps more
serious is that some areas of large topographic gradients
are also areas with limited data coverage. For example,
the network of surface pressure data available from
central Asia is sparse; and there are few rawinsonde
stations in the mountainous regions of South America
and Africa. There are, presumably, large mountain
torques in these areas, but they may not be adequately
determined by the present data. .

Friction torque estimates require surface wind data
plus an understanding of the relationship between sur-
face winds and surface stress. That relationship is rea-
sonably well understood over the ocean, but poorly
known over land. On the other hand, surface wind
data are fairly good over land but somewhat scattered
over the ocean. As a result, existing friction torque
estimates should be interpreted with caution.

Kung (1968) estimated zonal friction torques over






