The Stratospheric Response to 11-Year Solar
Variability: Direct UV Forcing and the Possible
Role of Ocean-Troposphere Feedbacks® S

Lon Hood MESOSPHERE
Lunar & Planetary Laboratory 'I‘
University of Arizona
USA

50/60 km.

*With assistance from Boris Soukharev and John McCormack

Global Change and the Solar-Terrestrial Environment _,Q_/-:’ DEPARTMENT OF PLANETARY SCIENCES
P > T ;
Aspen, Colorado _4-_-‘_,_-__"_______‘ LUNAR AND PLANETARY LABORATORY

June 13, 2010 % The University of Arizona, Tucson AZ 85721




Stratospheric Ozone Production

A>200 nm:

© - b
¢ ¢~

Overall reaction: 30, SUnlight 50,

<0 -20 0°C
Temperature




Core—to—Wing Ratio

Variability of Solar UV Flux Occurring on Both
the 27-Day and 11-Year Time Scales

L7

.26

Mg II Solar UV Index (NOAA) (~ Fpgs)

Solar Maximum

6.0%

22

23

Solar Maximum
N

" Solar i
| Minimum |
C T T A A N T T A A A R A BN A A A B A A
1980 1984 1988 1992 1996 2000 2004

NOAA/SEC (L. Puga; R. Viereck)



&

y - A

205 nm Solar Flux .5 mb 03 . equator, R=0.46

0 PO O
@l m o b

Microgm/gm

n
ot

BVl F Ml - J 0 & S ONDIY S FR A M J I AS O
=i o : 1950 (Nimbus 7 SBUYV)

Time series are filtered to minimize variations at periods > 35 days.
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Question: Why is it important to determine and
understand the stratospheric response (e.g., ozone) to 11-
year solar forcing?

Answer: Because, as shown originally by Joanna Haigh
(1996; 1999), the solar-induced change in stratospheric
ozone produces perturbations of tropospheric circulation
and climate. Moreover, the amplitude of these
perturbations is sensitive to the actual change in ozone in
the stratosphere and its distribution.
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Three sources of decadal-scale variability of total ozone in the Version 8 TOMS/
SBUYV data record calibrated by Frith et al. (2004): A non-linear long-term

trend, volcanic aerosol forcing, and the 11-year solar cycle.
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Solar Cycle Change in Tropospheric Zonal Wind Simulated in a GCM

(Perpetual January conditions; Fixed Sea Surface Temperatures)

(a) Mean Zonal Wind (m/
sec) for January from
Control Run.

(b) Simulated Change in
Zonal Wind From Solar
Minimum to Maximum
Using Ozone Estimated
From a 2D Photochemical
Transport Model (Haigh,
1994).
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Solar Cycle Change in Tropospheric Zonal Wind Simulated in a GCM

(Perpetual January conditions; Fixed Sea Surface Temperatures)

(a) Mean Zonal Wind (m/
sec) for January from
Control Run.

(b) Simulated Change in
Zonal Wind From Solar
Minimum to Maximum
Using Ozone Estimated
From TOMS/SBUV(/2)
Observations (Hood, 1997;
McCormack et al., 1997).
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Question: What is causing this unexpected vertical
structure in the stratospheric response to 11-year solar
forcing? In particular, why is there a strong response in the
tropical lower stratosphere?
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The Mean Meridional Circulation Inferred from the Observed
Distributions of Trace Species (Ozone, Water Vapor, Methane, etc.):
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At least in part, the unexpected lower stratospheric response to 11-year solar
forcing may involve a deceleration of the mean meridional circulation near solar

maxima.
Nimbus-7 SBUV 1980-89 ozone (DU/km)
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Two Candidate Mechanisms:

(1) Top-Down: Direct UV forcing in the upper stratosphere
perturbs stratospheric circulation in such a way as to
modulate the Brewer-Dobson circulation.

(2) Bottom-Up: Feedbacks from an ocean-troposphere
response to solar variability (driven by both total irradiance
changes and indirect effects of the stratospheric response)
may also modulate the Brewer-Dobson circulation.




V-F<0
ou/ot <0




“Top-Down” Solar UV Forcing Mechanism:

Solar UV-induced enhancements of
the lower mesospheric subtropical
jet (LMSJ) near the time of winter
solstice lead to changes in planetary
wave propagation and the strength
of the Brewer-Dobson circulation.
The net result for the tropical
stratosphere is relative
downwelling under solar maximum
conditions.

A number of observational and
model studies have supported
this mechanism: Gray et al.,
2001a,b; 2003; 2004; 2007,
Matthes et al., 2004; 2006.
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But, ...

(1) It is not clear that this mechanism alone can explain the detailed
characteristics of the observed lower stratospheric response, e.g., the
observed subtropical maxima in the ozone and temperature responses.

(2) Most or all GCM simulations assuming only top-down forcing are
not able to simulate the observed vertical structure of the tropical
ozone response.






“Bottom-Up” Solar Forcing Mechanism:

(1) The observed surface response to 11-
year solar forcing in the Pacific sector
resembles that which occurs in a cold
ENSO (La Nina) event (van Loon et al.,
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“Bottom-Up”’ Solar Forcing Mechanism:

(1) The observed surface response to 11-
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(3) Cold ENSO (La Nifna) events are N
known to produce relative downwelling | (o) T0MS/SBUV Column Ozone Anomay, 20'S — 20

in the tropical lower stratosphere I
through modification of planetary wave
activity and a deceleration of the
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A Possible Test of the Bottom-Up Mechanism:

Seasonal and Geographic Dependences of Total Ozone Solar Regression Coefficients
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A Possible Test of the Bottom-Up Mechanism:

Seasonal and Geographic Dependences of Total Ozone Solar Regression Coefficients
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A Possible Test of the Bottom-Up Mechanism:

Seasonal and Geographic Dependences of Total Ozone Solar Regression Coefficients
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Possible Topics for Further Discussion:

Can we really separate the solar cycle ozone variation from other
natural sources of ozone variability (e.g., volcanic eruptions, ENSQO)?

. What causes the lack of a detectable ozone response to the solar cycle
in the tropical middle stratosphere?

. What other tests of the bottom-up and top-down mechanisms for
solar forcing of the tropical lower stratosphere are possible?

. What about effects of energetic particle precipitation on the stratosphere?
Are they confined only to polar latitudes in the stratosphere or do they
affect lower latitudes and the troposphere as well?
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1.5 mb dT/dt, equator, R=0.34

205 nm Solar Flux

DIJ'F'M.A'M'J‘J'A'S'O‘N,D'J“F'”fA.‘M'J'J'A‘s"O
1979 i980
(Nimbus 7 SAMS)




T T T T T T
+—1 Dec. 1978 - Oct. 1980
| TemPerature 3 Now.1980- Sept.1962 60

2

o
o

o
o

Approximate Altitude, km

o
o
o
=
=
2
wn
@
|
a

0 Eecemgacaiy
007 002 003 004 005 006 007
{a) Response Amplitude, %




MULTIPLE REGRESSION STATISTICAL MODEL:

9
O;(t) = Cyenat + cQBOlu30mb(t'lagQBOl) + cQBOZ“lOmb(t'lagQBOZ)

+ Cyo1canicACTOSOL(E) + €,qpar MEIL(D) + diysoN3.4(t-lagpyso)+ £()

volcanic solar

where:

O,(t) = deviation of ozone from the seasonal mean
t = time measured in 3-month seasonal increments
Usoaomb(t- 128opo) = NCEP 30(10) mb equatorial wind speed (lagged)

Aerosol(t) = Volcanic aerosol index (10 hPa and below only)

MglI(t) = Solar MgII UV index
N3.4(t-laggngo) = Mean SST, 5°S - 5°N, 120°W - 170°W (lagged)

€(t) = residual error term



(a) dT/dt, NCEP, 20 hPa, 20°S — 20°N

(b) v'T’, 20 hPa, 60°N




Alan Brewer, QJRMS, 1949;
Gordon Dobson, PRSL, 1956:

The water content of air at northern
midlatitudes just above the tropopause is
very low. This is best explained by a
circulation in which air enters the
stratosphere where it is dried by
condensation during passage through the
cold tropical tropopause, travels to higher
latitudes, and sinks into the troposphere.
The same circulation would
simultaneously explain why ozone values
are highest at high latitudes even though
it is produced mainly at low latitudes.

Hence, the "'Brewer-Dobson”
circulation.
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Solar Cycle Change in Tropospheric Temperature Simulated in a GCM by Haigh (QJRMS, 1999)

(Perpetual January conditions; Fixed Sea Surface Temperatures)
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(a) Stratospheric Ozone
Changes Determined
Using a 2D Photochemical
Transport Model (Haigh, -
1994).
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(b) Stratospheric Ozone 100.0
Changes Determined Based
on TOMS/SBUV(/2)
Observations (Hood, 1997;
McCormack et al., 1997).
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