15 DECEMBER 1985

HARRY H. HENDON AND DENNIS L. HARTMANN

HARRY H. HENDON AND DENNIS L. HARTMANN
Department of Atmospheric Sciences, AK-40, University of Washington, Seattle, WA 98195
{(Manuscript received 28 January 1985, in final form 15 July 1985)

ABSTRACT

The variability in a two-level nonlinear atmospheric model is examined. The model domain is spherical. The
sole forcing is a zonally symmetric parameterization of the December—February insolation. An extended 1500
day run is carefully analyzed.

Despite the absence of any asymmetric forcing the model produces a large amount of low-frequency variance
and very red temporal spectra in subtropical and polar latitudes. The spatial signature of these low-frequency
disturbances is that of quasi-stationary Rossby wave trains. It is suggested that the ubiquity of quasi-stationary
Rossby wave trains in this model with no stationary asymmetric forcing is a consequence of energy cascade
from the scale of baroclinic instability. The inertial cascade of energy toward larger spatial scales that is characteristic
of geotrophic turbulence is terminated at a wavenumber where wave dispersion becomes as important as advection.
This is precisely the scale at which Rossby waves are stationary. Hence, the cascade of energy from the scale of
baroclinic instability to larger scales deposits energy preferentially into quasi-stationary Rossby waves.

The tropical variance in this model is dominated by an abundance of mixed Rossby-gravity waves that are
driven from the extratropics. Most extratropical waves are seen to be dissipated at their low-latitude critical line
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if they propagate into the tropics.

1. Introduction

Two outstanding features of the temporal variability
of the geopotential height in the Northern Hemisphere
winter are the geographically localized maxima and
the dominance of the variability by fluctuations with
periods greater than ten days (Blackmon et al., 1977).
Local maxima in the variance are evident both for high-
frequency (periods less than ten days) and low-fre-
quency fluctuations. The strong zonal asymmetries in
the variance are closely related to the strong zonal
asymmetries of the time-mean atmospheric circulation.
The high frequency maxima are zonally elongated and
are associated with developing baroclinic waves to the
north and east of the major jet streams in the Pacific
and Atlantic Oceans. A dynamically consistent picture
of the high frequency eddies’ life cycle, their fluxes of
heat, momentum and vorticity, and their relationship
with the major jet streams has emerged from recent
observational and theoretical studies (Hoskins et al.,
1983 and references therein). That the variance is
dominated by low-frequency fluctuations and not by
the high-frequency fluctuations associated with syn-
optic-scale weather systems is somewhat of an enigma.
The structure, as well as dynamics of the low-frequency
variability is not well understood and is currently the
subject of intensive research.

The horizontal structure and time evolution of the
low-frequency oscillations have been documented by
Blackmon ez al. (1984a,b). They concluded that hor-
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izontal Rossby wave propagation was the dominant
process controlling the variability with periods between
10 and 30 days. These fluctuations were best defined
across the jet entrance regions in the Pacific and At-
lantic oceans. The origin of these waves is not clearly
known but appears to be in the midlatitudes. Fluctu-
ations with time scales greater than 30 days do not
seem to be associated with simple linear Rossby wave
propagation, although they appear to emanate from
low latitudes. The origin of these very low-frequency
fluctuations has been associated with anomalous trop-
ical sea surface temperatures [see Horel and Wallace
(1981) for observational evidence and Blackmon et al.
(1983) for compelling model results} and with baro-
tropic instability of the time-mean zonally asymmetric
jets (Simmons et al., 1983).

The location and magnitude of both high- and low-
frequency variability depend on geographical asym-
metries of the time-mean circulation. The high fre-
quency maxima (i.e., the storm tracks) are directly
linked to the maximum in baroclinicity of the major
zonally varying jet streams which in turn are the result
of asymmetries in conditions at the Earth’s surface. If
the low-frequency maxima are associated with baro-
tropic instability, then they are the result of strong zonal
asymmetries of the time-mean jets. Forcing by sea sur-
face temperature anomalies is also geographically fixed
on the time scale of the lifetime of the anomaly. The
results of Simmons (1982) suggest that the anomalous
forcing produces significantly different responses de-






