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Background
general agreement that the Brewer-Dobson circulation (BDC) is 
forced by wave-breaking at stratospheric levels, 

but conflicting interpretations of where the wave-breaking occurs
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2. Overview of stratospheric circulation
and transport

2.1 The stratospheric circulation
The meridional circulation of the strato-

sphere, known as the ‘‘Brewer-Dobson’’ circula-
tion, after the pioneering deductions of Brewer
(1949) and Dobson (1956) from observations
of stratospheric water vapor and ozone, respec-
tively, comprises a two-cell structure in the
lower stratosphere, with upwelling in the trop-
ics and subsidence in middle and high lat-
itudes, and a single cell from the tropics into
the winter hemisphere at higher altitudes.
These characteristics have been confirmed from
modern radiation calculations based on ob-

served distributions of temperature and radia-
tively active constituents (Rosenlof 1995;
Eluszkiewicz et al. 1996), provided one inter-
prets ‘‘mean circulation’’ as ‘‘residual mean cir-
culation’’, rather than the straightforward
Eulerian mean (it is the residual mean that is
relevant to tracer transport (e.g., Andrews et al.
1987)). A schematic of the residual circulation
of the atmosphere (up to the mesopause) is
depicted in Fig. 2. In the tropical troposphere,
the well-known Hadley circulation can be
understood, at least in its simplest form, as a
nonlinear circulation driven by latitudinal gra-
dients in thermal forcing (Held and Hou 1980).
Despite the temptation to interpret the appar-
ently thermally-direct circulation of the strato-
sphere in the same way, it is clear that other
processes must be involved, since air following
the circulation must lose angular momentum
as it moves poleward. The direct, large-scale,
effects of friction being utterly negligible in the
stratosphere, such loss of angular momentum
can only be ascribed to the impact of waves: the
presence of wave drag is thus crucial to the
stratospheric circulation.

Fig. 1. Monthly mean meridional distri-
butions of (left two panels) HF (parts
per billion by volume) and of (right two
panels) CH4 (parts per million by vol-
ume) during March (top) and Septem-
ber (bottom), from measurements by
the HALOE instrument (Russell et al.
1993a) on the Upper Atmosphere
Research Satellite. Calculation of the
monthly mean distributions for these
data is described in Randel et al. (1998).

Fig. 2. Schematic of the residual mean
meridional circulation in the atmo-
sphere. The heavy ellipse denotes the
thermally-driven Hadley circulation of
the troposphere. The shaded regions
(labelled ‘‘S’’, ‘‘P’’, and ‘‘G’’) denote re-
gions of breaking waves (synoptic- and
planetary-scale waves, and gravity
waves, respectively), responsible for
driving branches of the stratospheric
and mesospheric circulation.
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Purpose of this talk 

to confirm the existence of lower and middle cells with 
different sources of wave driving

to show that the breaking of high latitude planetary waves is 
important for the forcing of the BDC despite the lack of 
confirmatory evidence based on downward control 
diagnostics 



Methodology

Side-by-side comparison of regression statistics and 
downward control diagnostics in the ERA-40 Reanalysis and 
in a simple dynamical model that is capable of simulating the 
sudden warming phenomenon 

The ERA-40 Model-- 
  work of Rei Ueyama

The simple dynamical model
  work of Edwin Gerber
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Upwelling induces low latitude cooling in both hemispheres
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episodic bursts
“even” annual cycle

more steady
“odd” annual cycle



Conclusions

Tropospheric forcing is predominant at the cold point (100 hPa) 
Stratospheric forcing predominant above 70 hPa

MSU-4 mainly samples the upper branch.
Cold point temperature mainly influenced by lower branch

Low latitude wave-breaking in ERA reanalyses underestimated. 

Forcing field is planetary in scale
















