44 JOURNAL OF THE ATMOSPHERIC SCIENCES

Voi. 52, No. | .

Interannual Variability in the Northern Hemisphere Winter Middle Atmosphere in
Control and Perturbed Experiments with the GFDL SKYHI General Circulation Model

KEVIN HAMILTON
Geophysical Fluid Dynamics Laboratory/NOAA, Princeton University, Princeton, New Jersey
(Manuscript received 2 December 1993, in final form 13 May 1994)

ABSTRACT

This paper reports on interannual variability of the Northern Hemisphere winter stratospheric circulation as
simulated by the 40-level GFDL “‘SKYHI'" general circulation model. A 31-year control simulation was per-
formed using a climatological annual cycle of sea surface temperatures. The interannual variability of the strato-
spheric circulation in this model has some realistic features. In particular, the simulated variance of monthly
mean, zonal-mean temperature and wind in the extratropical Northern Hemisphere agrees fairly well with ob-
servations. The day-to-day variability of the circulation also appears to be rather well simulated, with midwinter
warmings of realistic intensity and suddenness appearing in the polar regions. The major deficiency is the absence
of a realistic quasi-biennial oscillation (QBO) in the simulated winds in the tropical lower stratosphere. There
is also an indication of long period (~10 year) variability in the winter polar vortex. This appears not to be
related to any obvious source of long-term memory in the atmosphere such as surface boundary conditions or
the flow in the tropical stratosphere.

The model has also been run through a large number of boreal winter simulations with imposed perturbations.
In one set of experiments the Pacific sea surface temperatures have been changed to those appropriate for strong
El Nifio or La Nifia conditions. The model is found to reproduce the observed extratropical stratospheric response
to El Nifio conditions quite well. Interestingly, the results suggest that including the interannual variations in
SST would not greatly enhance the simulated interannual variance of the extratropical stratospheric circulation.

Another set of integrations involved arbitrarily altering the mean flow in the tropical lower stratosphere to be
appropriate for different extremes of the QBO. The effect of these modifications on the simulated zonal-mean
circulation in the extratropical winter stratosphere is found to be quite modest relative to that seen in comparable
observations. The model results do display a clear effect of the imposed tropical lower-stratospheric wind per-
turbations on the extratropical summer mesospheric circulation. This could reflect the influence of the mean flow
variations on the gravity waves forced in the Tropics, propagating upward and poleward and ultimately breaking
in the extratropical mesosphere. The model behavior in this regard may be related to reported observations of
an extratropical mesospheric QBO.

The equilibration of the stratospheric water vapor field in the long SKYHI control integration is examined.

The results suggest that the mean residence time for upper-stratospheric air in the model is about 4 years.

1. Introduction

The Northern Hemisphere (NH) winter stratospheric
circulation is notable for its very strong interannual
variability. The standard deviation of monthly mean,
zonal-mean temperatures at midstratospheric levels ex-
ceeds 10°C near the North Pole. This level of temper-
ature variability is associated with large day-to-day
changes in the flow in the polar vortex, most notably
the major midwinter sudden warmings. The strong
variability in the temperature and flow fields has im-
portant implications for modeling of trace constituents
in the middle atmosphere. It is known that the flow
evolution during a sudden warming has strong influ-
ence on the transport of ozone to high latitudes (e.g.,
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Leovy et al. 1985). The variability of temperature is
also likely to play a critical role in modeling the extent
of polar stratospheric cloud formation (and consequent
ozone depletion) in the Arctic (e.g., Austin et al.
1992). Thus, the simulation of the interannual and day-
to-day variations of the NH circulation is a crucial issue
for comprehensive general circulation models (GCMs)
designed for the middle atmosphere.

Historically the development of stratospheric/me-
sospheric GCMs has not proceeded as quickly as for
those dealing with only the lower atmosphere. Com-
prehensive model simulations have often been plagued
by a cold bias in the high-latitude winter middie at-
mosphere (e.g., Manabe and Mahlman 1976). In the
NH this problem has been significantly ameliorated in
several models discussed over the last decade, either
through incorporation of a parameterized subgrid-scale
gravity wave drag (e.g., Rind et al. 1988a; Boville
1991) or, in the case of the GFDL SKYHI model,






