15 APRIL 1991

TIMOTHY J. DUNKERTON AND MARK P. BALDWIN

TIMOTHY J. DUNKERTON AND MARK P. BALDWIN
Northwest Research Associates, Inc., Bellevue, Washington

(Manuscript received 22 May 1990, in final form 10 October 1990)

ABSTRACT

Using 25 years of National Meteorological Center (NMC) data for 1964-88 the relation between tropical
and extratropical quasi-biennial oscillations (QBOs) was examined for zonally averaged quantities and planetary-
wave Eliassen-Palm fluxes in the Northern Hemisphere winter. The extratropical QBO discussed by Holton
and Tan existed in both temporal halves of the dataset. Autocorrelation analysis demonstrated that it was an
important mode of interannual variability in the extratropical winter stratosphere. Correlation with the tropics
was strongest when 40-mb equatorial winds were used to define the tropical QBO. Easterly phase at 40 mb
implied a weaker than normal polar night jet and warmer than normal polar temperature and vice versa. An
opposite relationship was obtained using 10-mb equatorial winds. The association between tropical and extra-
tropical QBOs was observed in about 90% of the winters and was statistically significant. ‘

It is shown that planetary-wave Eliassen-Palm fluxes were generally consistent with the extratropical QBO.
These fluxes were more (less) convergent in the midlatitude (subtropical ) upper stratosphere in the 40-mb east
(= easterly) phase category relative to the west category. The composite difference in flux divergence was a
dipole, the location of which coincided with the observed mean zonal wind anomaly. The difference was strongest
in early- to midwinter. However, composites of planetary-wave life cycles were similar in the two phase categories,
with only slightly more events, slightly larger events, and larger mean flow response in the east category. There
was very good correlation between planetary-wave flux convergence and observed mean flow tendencies on a
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daily basis, but the tendencies were smaller in magnitude.

1. Introduction

It is well known that there is large interannual vari-
ability in the Northern Hemisphere winter stratosphere.
The greatest variation is due to stratospheric sudden
warmings (Scherhag 1952; Labitzke 1977, 1981, 1982;
Schoeberl 1978; Quiroz 1986) that are associated with
the anomalous growth, upward propagation, and
breaking of planetary Rossby waves (Matsuno 1971;
Mclntyre 1982; Andrews et al. 1987). Major warmings
as defined by WMO criteria' have occurred in about
half of the observed winters (1955,2 1957, 1958, 1963,
1966, 1968, 1970, 1971, 1973, 1977, 1979, 1981, 1984,
1985, 1987, 1988, and 1989). They are commonly
spaced about two years apart; on this account it was
suggested that their timing may be influenced by the
quasi-biennial oscillation of the equatorial lower
stratosphere ( Labitzke 1982; MclIntyre 1982). Labitzke

' A major warming requires that the 10-mb mean temperature at
the North Pole exceed that at 60°N and the mean zonal wind reverse
to easterly as far south as this latitude.

2 The convention here is that the “1955” northern winter is actually
1954/55, and so on.
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noted that more major warmings occurred in the 50-
mb QBO east phase (namely 8 in 13 years, compared
to 4 in 16 years for the west phase). Subsequently La-
bitzke and van Loon (1988) uncovered a remarkable
correlation between North Pole temperatures and cen-
timetric solar flux when the data are partitioned ac-
cording to the phase of the QBO at 45 mb. It was pre-
viously noted that major warmings occurred in the west
phase near solar maxima (Labitzke 1982, 1987). There
is no known physical mechanism underlying the ap-
parent solar/ QBO/weather relationship (Geller 1989)
and there is some question whether the solar cycle in-
terpretation is unique (Baldwin and Dunkerton 1989a)
or stable (Hamilton 1990). Pursuing a different line
of thought, Dunkerton et al. (1988) noted that major
warmings have not occurred in the “deep westerly”
phase of the QBO, in agreement with a suggestion by
Mclntyre (1982) that planetary waves responsibie for
the warming are likely to be sensitive to winds in a
deep tropical layer. This association suffered a setback
in December 1987 when a major warming occurred in
the deep westerly phase (Baldwin and Dunkerton
1989b). Summarizing this evidence it is clear that the
stratospheric sudden warming is an important com-
ponent of interannual variability, but an association
with the tropical QBO is imperfect and unlikely to en-
tirely explain the occurrence of “major” warmings.






