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Comparison of tropical
lower stratospheric ozone
and temperature tendencies
with extratropical zonal
mean meridional eddy heat
flux (v’T’), Nov. 1979 -
March, 1980.

From: Hood and Soukharev, JAS, 2003.

Also:
W. Randel, JAS, 1993;
R. Ueyama, this meeting



 
Linear regression analysis of 5-day smoothed, tropically
averaged NCEP/NCAR reanalysis temperature tendencies
at 20 hPa versus 50 hPa zonal mean v’T’ at 60oN:



 

Same as previous slide but
after dividing the data
according to the phase of
the QBO at 45 hPa:
The upwelling response is
not significantly different
between the two QBO
phases.
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Same as first slide but
after dividing the data
according to the phase of
the 11-yr Solar Cycle:
The upwelling response is
larger under solar
minimum conditions than
under solar maximum
conditions (at the one
standard deviation level).
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Same as first slide but
after dividing the QBO
east data according to the
phase of the 11-yr Solar
Cycle:
The upwelling response
under QBO east conditions
is not significantly different
for solar maximum and
minimum phases.

East

WestSolar Min

QBO East /
Solar Max

QBO East /
Solar Min



 

Same as first slide but
after dividing the QBO
west data according to the
phase of the 11-yr Solar
Cycle:
The upwelling response
under QBO west conditions
is much larger under solar
minimum conditions than
under solar maximum
conditions (at the two
standard deviation level).

East

WestSolar Min

QBO West /
Solar Max

QBO West /
Solar Min



 
Results So Far:

The tropical upwelling response to short-term (days to weeks) increases
in extratropical wave forcing during NH winter is larger under solar
minimum conditions than under solar maximum conditions.  This
dependence of the upwelling response on the solar cycle mainly occurs
when the QBO is in its westerly phase.

Assuming that the wave forcing remains constant during each NH winter
over a solar cycle, this should result in at least a small positive solar cycle
variation of ozone and temperature in the tropical lower stratosphere.



 

Evidence for Decadal
Variability of the Tropical
Lower Stratosphere



 

50 hPa Temperature
Solar Regression
Coefficient for NH
Winter.

Areas enclosed by thick dark lines are statistically
significant at 95% confidence.

Note the tendency
for an asymmetry
toward the summer
hemisphere.



 

50 hPa Temperature
Solar Regression
Coefficient for SH
Winter.

Areas enclosed by thick dark lines are statistically
significant at 95% confidence.

Note the tendency
for an asymmetry
toward the summer
hemisphere.



 

50 hPa Temperature
Solar Regression
Coefficient for NH
Winter during the
East (top) and West
(bottom) Phases of
the QBO.

Areas enclosed by thick dark lines are statistically significant at 95% confidence.

Stronger and more
significant during the
West phase.



 

Possible evidence for
decadal variations of
zonal mean meridional
eddy heat flux at
northern high latitudes.



 

Simplified model calculation showing that
the decadal variation of extratropical wave
forcing in the NH could explain at least part
of the observed decadal variations in the
tropical lower stratosphere



 

Conclusions:

1.    The tropical upwelling response to a given short-term increase in
extratropical wave forcing is larger under solar minimum conditions
than under solar maximum conditions.  This dependence of the
upwelling response on the solar cycle mainly occurs when the QBO is in
its westerly phase.

2.    The increased sensitivity of the upwelling rate to extratropical wave
forcing under solar minimum conditions (especially during the QBO
west phase) would contribute to driving a solar cycle variation of the
upwelling branch of the Brewer-Dobson circulation.   The latter would
in turn contribute to producing a solar cycle variation of the tropical
lower stratosphere.

3.     In addition, evidence exists for a decadal variation of extratropical
wave forcing that has approximately the right phase to contribute to the
solar cycle variation of the BDC and that of the tropical lower
stratosphere.
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