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1. Introduction

2. Solar Variability

*Causes of TSI variability
Decadal-scale solar variability
Century-scale variability

*TST and Galactic cosmic rays

3. Climate Observations

*Decadal variations in the stratosphere
*Decadal variations in the troposphere
Decadal variations at the Earth's surface
Century-scale variations

4. Mechanisms

TSI

UV

«Centennial-scale irradiance variations
Charged particle effects

5. Solar variability and global climate

change

6. Summary / future directions
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Schematic overview:
climate forcings associated with solar variability
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Schematic overview
mechanisms for solar UV influence on climate
(based on Kodera and Kuroda 2002)

GCRs TSI Uy SEPs




Mechanisms affecting the S‘rra‘rosB
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11-yr Temperature Signal in the Stratosphere (K)
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Temperature Trends: SSU observations

Global Temperature Anomalies
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Temperature anomaly [ K ]

Temperature anomaly [ K ]
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Modelled radiative

response to irradiance ;. \"( N

and ozone changes §.
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Use a very high-res radiation
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Why does the lower stratospheric signal matter?
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1. Where does the lower stratospheric temp / ozone signal come from?
(polar route vs equatorial route)

GCRs TSI Uv SEPs
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The quasi biennial oscillation (QBO)
Complicating influence on the polar response
Plus possible equatorial route

GCRs TSI Uv SEPs
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pressure levels (hPa)

pressure levels (hPa)

The Quasi Biennial Oscillation (QBO)
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The Quasi Biennial Oscillation (QBO)
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How well do models

reproduce the temperature

Pressure hPa

signal?
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Why is upper strat temperature
maximum too small and too wide?
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Summary / Discussion UV Influence

Mechanism
> Solar UV influences stratospheric temps directly and via ozone

> resulting temp gradient influences zonal winds

> winds then influences wave propagation, enabling signal to extend
deeper into the lower stratosphere and thence into the troposphere

Stratospheric response

Inclusion in coupled chemistry models reproduces some of the
observed 11-yr solar signals in the stratosphere, but still many
details unresolved e.g. lower stratospheric temperature signal;
solar / QBO interaction, surface response. BUT - are models using

the correct UV variations (c.f. Recent SIM results, Harder et al.
2009)

Tropospheric response

Inclusion of UV mechanism leads to a response in the troposphere
(the ‘top-down’ response); coupled ocean models with TSI forcing
produce a tropospheric response (the ‘bottom-up’ response):

The 2 effects appear to be additive; we need more fully coupled
chemistry - stratosphere - troposphere - ocean models simulations
to investigate this.



A Irradiance (W m'z)

Major question: are we using the correct estimates of
UV variations in our models?

SIM Spectra differences 2004 - 2007

Lean, SIM, SOLSTICE, 2004-2007
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A Stratospheric Response to Lean 2000

\H\\\\\\‘\\\\\H\\‘\\H\\\H‘HHHH\‘\HHHH‘HHH\H
———— ity

AL—"\{

| I I I I | I I I I | L L L -40 -20 0 20 40

50

approx. altitude (km)

—50 50 Latitude (degrees)

Lean 2004-2007 * =
B Stratospheric Response to Harder 2009

Haigh 2010 2-d model | Yo/

SIM temperature_SIM2004—-SIM2007 QO
60 T \\]6 T T T T T T T T T T T T T v/\ \/‘ 1

Latitude (degrees)

Cahalan et al 2010

. B

B X A 1E -
: © ERS g i

;. E 2 \/

- - 08 12 [0 \ ol ™=
A — 1% B
N 3 06— ™
B ] I 0.5 — L
E ] o %7
= 3 - ~
F 3 10/ Y s . J—— =]
: 1 -40 -20 0 20 40

I I | I I I I
-50 0 50
latitude (deg N)




2D model O; differences (%) 2004-2007

Lean SIM

ooooo _Lean2004—Lean2007

—50 0 50
latitude (deg N)

SORCE Keystone 31
May 2010



Climate change simulations with an
improved stratosphere
Observed SSU temperature anomalies

Global Temperature Anomalies
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Stratospheric Influence on the Troposphere
| 1998 - 1999 Northern Annular Mode
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Solar min-to-max temp difference
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Question / objections to using re-analyses:
«Jumps in data due to changing instruments and data streams
‘Possible contamination by volcanic signal
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Comparison of solar and volcanic signal
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Example of a Stratospheric

Sudden Warming
PV on the 125Qitmi

Aleutian Hig

6ray, Drysdale, Dunkerton
and Lawrence, QJRMS,
2001

‘6ray, Sparrow, Juckes,
O'Neill and Andrews,
QJRMS, 2003



Stratospheric Influence on the Troposphere
| 1998 - 1999 Northern Annular Mode
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ERA-40

Composites
of zonal
mean wind
anomalies

Blue=easterly
Red=westerly

Gray et al.
2005, JAS
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Timing of sudden warmings is

very variable in control run
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Why is upper strat temperature
maximum too small and 'roo wide?
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Mid-lat signals OK - possibly too far poleward?

Upper strat peak ~50km is missing (see also Soukharev
and Hood 2006)

Comparison with obs in Austin et al. is skewed by HALOE
Lower strat peak has wrong structure (QBO?)



