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Text

60 days following sudden warmings 60 days following cold vortex events

Observed Average Surface Pressure Anomalies (hPa)

Contours in hPa

From Baldwin et al., Science 2003
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Overview

• We do not have an understanding of the dynamics 
of stratosphere–troposphere coupling.

• Any explanation of stratosphere–troposphere 
coupling must account for the main observations:

1) The surface pressure pattern associated with 
variations in the strength of the polar vortex looks 
like the NAM/NAO—the maximum surface 
response is near the North Pole. 

2) The relationship between vortex strength and the 
NAM/NAO is linear, so the tropospheric effects 
last as long as those in the stratosphere.
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Diagram	
  from	
  Ambaum	
  and	
  Hoskins	
  J	
  Climate	
  (2002).

15 JULY 2002 1971A M B A U M A N D H O S K I N S

FIG. 3. (a) Dec–Mar climatological mean of tropopause height in
meters. The contour interval is 500 m and the lowest contours over
northern Canada and Japan represent 8500 m. (b) Regression of tro-
popause height with NAO index. The contour interval is 100 m
(. . . , ⌃50, 50, 150, . . .). (c) Same as (b) but for the PV500 index.
(d) Same as (b) but for the NAOt index.

FIG. 4. Schematic of the bending of isentropic surfaces (labeled
⇥0, ⇥1, and ⇥2) toward a positive potential vorticity anomaly. The
arrows represent winds associated with the potential vorticity anom-
aly, becoming weaker away from the anomaly.

dient over the Arctic. As expected, the tropopause is
higher over the Azores high associated with the NAO,
and is lower over the enhanced Iceland low. However,
over the rest of the Arctic the tropopause is generally
higher.
Key to the higher Arctic tropopause with increased

NAO index is the stratosphere. The stratospheric vortex
increases in strength with increasing NAO index. The
linear correlation between the NAO and PV500 indices
of 0.46 is an indication of this as the PV500 index is a
good measure of the strength of the stratospheric vortex.
The height of the Arctic tropopause increases with the
PV500 index, as shown in Fig. 3c. The NAOt index can
be seen as that part of the NAO index that is not linearly
associated with increases in the stratospheric vortex
strength. In Fig. 3d we see that the regression of tro-
popause height on this index indeed hardly shows this
raised tropopause over the Arctic while the signatures
over the Iceland and Azores regions are retained. We
conclude that the rising of the tropopause with increas-
ing NAO index is associated with the stratospheric com-
ponent of the NAO.
The reason why this occurs is the dominance of the

stratospheric potential vorticity anomaly. As discussed
in Hoskins et al. (1985), isentropic surfaces bend toward
isolated positive potential vorticity anomalies—see the
schematic in Fig. 4. The tropopause at higher latitudes
can be associated with a potential vorticity surface. Sim-
ilarly, the potential temperature of tropopause parcels
will have to be conserved on changes that are not as-

sociated with diabatic effects at the tropopause. So we
may assume that the potential temperature of the tro-
popause is more or less fixed for changes in potential
vorticity in the stratosphere. This then implies that the
tropopause will move upward for a positive stratospher-
ic potential vorticity anomaly.
We can quantify how changes in the height of the

tropopause are associated with potential vorticity anom-
alies in the stratosphere: using isentropic coordinates
and hydrostatic balance, the potential vorticity P may
be defined as

f ⇧ ⌥ 1 ⇤p
P � , with � � ⌃

� g ⇤⇥

with the usual notation. A change in potential vorticity
⌅P will be associated with a change in stratification of
⌅� and a change in absolute vorticity of ⌅⌥. According
to quasigeostrophic scaling, the relative magnitude of
the stratification and vorticity contributions is measured
by the Burger number Bu � (NH/ fL)2. Logarithmic
derivatives of the potential vorticity now give

⌅P ⌅�
� ⌃(1 ⇧ Bu) .

P �

Unless alternative scales are imposed geometrically,
geostrophic adjustment will tend to make the Burger
number close to unity for any potential vorticity anom-
aly, that is, it will tend to make the horizontal length
scale L close to the Rossby deformation radius asso-
ciated with the height scale H. We now consider the
pressure difference between an isentropic surface above
the potential vorticity anomaly (⇥top) and the isentropic
surface that touches the Arctic tropopause (⇥tpp). Finite
difference approximations for � and ⌅� in the strato-
sphere now are

1 p ⌃ p 1 ⌅p ⌃ ⌅ptop tpp top tpp� � ⌃ , ⌅� � ⌃ ,
g ⇥ ⌃ ⇥ g ⇥ ⌃ ⇥top tpp top tpp
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600K	
  PV	
  index	
  is	
  the	
  average	
  daily	
  PV	
  anomaly	
  65–90N

Correlation between JFM PV 600K Index and Zonal-Mean PV Anomalies, JFM
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Composite of 24 negative events: PV at 600K

-120 -80 -40 0 40 80 120
Lag (Days)

20

30

40

50

60

70

80

90

La
tit

ud
e

Composite of 23 positive events: PV at 600K
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Composite Anomalous Pressure, 33 Weak Vortex events
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Correlation: JFM Polar Cap PV600K Index with Tbar
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  during	
  winter	
  (JFM)	
  between	
  the	
  600K	
  PV	
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  and	
  zonal-­‐mean	
  temperature.	
  
The	
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  daily	
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Regressions on -PV530K (JFM): TP pressure (colors), sfc pressure (contours)
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Changing	
  the	
  depth	
  of	
  the	
  troposphere	
  affects	
  1)	
  
vor<city	
  in	
  the	
  column,	
  and	
  2)	
  surface	
  pressure.
modest	
  tropospheric	
  effect?

A	
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  at	
  tropospheric	
  pressure	
  change
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ERA-­‐40	
  observa<ons

Regression	
  between	
  PV530K	
  index	
  and	
  Polar	
  Cap	
  p’
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ERA-­‐40	
  observa<ons

Regression	
  between	
  PV530K	
  index	
  and	
  Polar	
  Cap	
  p’

Tropospheric	
  amplifica<on
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Summary
• The polar column of air, which extends into the 

troposphere, moves in lockstep with the strength of the 
polar vortex above.

• A direct consequence is that the troposphere is 
physically compressed and expanded, altering lapse rates 
and well as zonal winds.

• The surface NAM response is larger than would be 
expected from simple mass arguments.

• I suggest that tropospheric changes (to jets, the NAM, 
baroclinic eddies,  etc.) will be shown to be 
consequences of the plunger mechanism.

• Zonal asymmetries? Souther Hemisphere? Details of jet 
shifts?......


