
Leverhulme Symposium  11 March 2008© Imperial College LondonPage 1

Solar variability

and climate

Joanna D. Haigh



Solar influence on climate – the media view

March 2007  All global warming is due to enhanced solar activity.
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13 September 2007

Global warming? It's natural, say 

experts
by BARRY WIGMORE

Climate change is much more likely to be part of a cycle of warming and cooling 

that has happened regularly every 1,500 years for the last million years, they say. 

Mr Singer said: "This can all be explained by the Sun's activity." 

http://www.channel4.com/science/microsites/G/great_global_warming_swindle/index.html
http://www.channel4.com/?hpos=logo


Solar influence on climate – the media view

September 2006

Reduced solar activity 

will buy us time to 

reduce greenhouse gas 

emissions.
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Variations in solar activity / energetic output.

Solar signals in climate records.

Mechanisms for solar influence on climate.

Solar variability and climate
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Sunspot cycle

20 March 2000           3 March 2008

Monthly average sunspot number
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http://sohowww.nascom.nasa.gov/data/realtime/mdi_igr/1024/latest.html
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Beer et al 2006

TSI

neutrons

aa-index

auroras

sunspots

10Be

Solar activity indicators



Total solar irradiance 

(TSI) measurements

from satellites

(Claus Fröhlich, PMOD)
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Sunspots, faculae and TSI

1976                 1986                 1996

-1 Wm-2

+1 Wm-2

0 

+2 Wm-2

-2 Wm-2

Fröhlich, 2000
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Facular brightening

Sunspot darkening



Solar activity 

from analogy 

with Sun-like 

stars
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Historical reconstructions of TSI
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sunspots only, 

i.e. no long-

term trend

long-term trend 

from model of 

solar surface 

magnetic field

long-term trend 

based on “Sun-

like” stars

(based on Wang et al, 2005)Maunder Minimum 



Prediction for Solar Cycle #24 
press release by NASA/NOAA prediction panel 27 Apr 2007 
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Half the panel predicts 140 20 peaking Oct 2011

Half the panel predicts   90 10 peaking Aug 2012
!!



Variations in solar activity / energetic output.

Solar signals in climate records.

Mechanisms for solar influence on climate.

Solar variability and climate
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N. Atlantic ice-rafted debris
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Temperature in NW Europe

Eddy (1976)



Leverhulme Symposium  11 March 2008© Imperial College London15

Solar cycle change in upper atmosphere

These changes are 
approximately 50% of the 
mean wind value
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Meridional winds over Halley (76 S)

Martin Jarvis
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Solar cycle in atmospheric temperatures

30 hPa geopotential height

(annual mean, Hawaii)

Labitzke and van Loon (2000)                             van Loon and Shea (2000)

750-200hPa thickness, 

3-year running average

solar 10.7cm flux

Upper tropospheric 

temperatures (July&August)
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Solar cycle change in zonal mean temperature

NCEP data, Haigh (2003)                  ERA-40 data, Crooks & Gray (2005)



Solar cycle signal in westerly wind

mean

max-min
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Weakening and poleward shift of the mid-latitude jets

Haigh, Blackburn & Day (J.Clim., 2005) 
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Pacific Sea Surface Temperatures
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White and Touree (2003) 

solar max anomaly

(van Loon et al 2007)
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Low cloud and galactic cosmic rays

Marsh & Svensmark 2000 Svensmark, A&G 2007

Gray, Haigh & Harrison, 2005



Climate modes
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Mean sea level pressure

solar maximum anomaly

(van Loon, Meehl and Shea 2007) 

Centres of Aleutian Low & Hawaiian High

solar max solar min ∆

(Christoforou and Hameed 1997) 

Seasonal signals in the 

Southern Annular Mode

(Roscoe and Haigh 2007)E
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Variations in solar activity / energetic output.

Solar signals in climate records.

Mechanisms for solar influence on climate.

Solar variability and climate
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How might solar activity influence tropospheric climate?

• Total solar irradiance

(orbital variations or

variable emission)

• Solar UV irradiance

• Solar energetic particles

• Galactic cosmic rays

Radiative forcing:

sea surface temperatures

Heating the upper & middle 

atmosphere, dynamical coupling down 

to troposphere 

Middle & lower atmosphere chemistry

Ionisation of upper & middle 

atmosphere: magnetosphere –

ionosphere – thermosphere coupling

Middle atmosphere chemistry

Ionisation of lower atmosphere:

effect on electric field

cloud condensation nuclei



Earth’s orbital parameters 

Milankovitch

climate cycles
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Historical reconstructions of TSI
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sunspots only, 

i.e. no long-

term trend

long-term trend 

from model of 

solar surface 

magnetic field

long-term trend 

based on “Sun-

like” stars

(based on Wang et al, 2005)Maunder Minimum 

1
(1 )

4 6

TSI
RF TSI
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Global mean radiative forcing 1750-2005 



Solar variability and 

global mean surface temperatures
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black: obs

colours: models (natural forcings) 

black: obs

colours: models (all forcings) 

NB:  In IPCC 4AR

the solar forcing used in 

the GCM simulations is

inconsistent with 

(larger than) that 

used for the RF Table

IPCC 2007 



Model (EMICs) sensitivity to forcings

IPCC 2007 



Coupling of ENSO and Indian monsoon: 

modulated by solar cycle
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Kodera et al, 2007

Correlation of observed surface meridional 

wind in N. Atlantic with ENSO index

(Emile-Geay et al 2007) 



Solar 

spectrum

Lean (1991)

[adapted by Lockwood]
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Solar cycle in the stratosphere
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Temperature

Ozone
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Solar cycle in zonal mean zonal wind

Observations

mean

max-min

Haigh et al (J.Clim. 2005) Haigh (Science 1996,   QJRMS 1999)

GCM UV experiment
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SSTs and tropical hydrology (GCM)

Zonal mean precipitation
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Stratospheric chemistry important     (Shindell et al 2006)
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Mechanisms for stratosphere-troposphere coupling
(in the context of solar variability)

Changes in lower stratosphere static stability: 

• Direct impact on convection, Hadley and Walker cells 

(tropical).   [Admiral Fitzroy, Rind, Kodera, Salby]

• Impact on refraction/reflection of planetary scale waves 

(polar).   [Bates, Geller, Kodera, Rind]

• Impact on momentum deposition of synoptic scale 

waves.
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Polar Night Jet and the Brewer-Dobson Circulation

Kodera and Kuroda (2002)
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Observed interaction between the Brewer-Dobson 

circulation and the Hadley circulation

Salby and 
Callaghan, 
2005
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Correlation of equatorial temperature at 
100hPa with temperatures elsewhere



zonal wind Observations of solar impact
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mean

solar

max - min

Simple GCM: 

heating applied ONLY in the tropical stratosphere:

the jet weakens and moves polewards

Model

latitude 

h
e

ig
h
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Outline of synoptic eddy mechanism:

Accelerations to zonal 

wind near tropopause

Changes in fluxes of 

wave momentum

Changes to Hadley 

circulation

Solar UV heats the 

stratosphere
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Simpson, Blackburn 

and Haigh, 2008

Temperature gradients 

altered

feedback loop

Zonal wind 

accelerations at lower 

levels



How might solar activity influence climate?

Changes in total solar irradiance

Net heating/cooling of climate system.

Changes in solar UV irradiance

Heating the upper & middle atmosphere (+ozone chemistry).

- dynamical coupling down to the lower atmosphere. 

Solar modulation of galactic cosmic rays

Ionisation of lower atmosphere by GCRs

- effect on cloud condensation nuclei.
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40

“Cosmoclimatology”
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Charge-mediated 

nucleation

Charge-enhanced

coagulation

Increased CCN

concentration

Ion-induced nucleation of cloud droplets

Carslaw et al (2002)
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Questions to be addressed:

• What is known about solar activity, and solar spectral 

irradiance incident at Earth, on paleo timescales, over 

recent millennia and on timescales down to the 11-year 

activity cycle?  

• To what extent can recent measurements of solar 

irradiance inform reconstructions of past values?

• How good are the proxies of solar activity?

• What signals of solar influence have been robustly 

detected in climate in paleo records and on timescales 

down to the 11-year activity cycle?  

• Do geographically similar signals appear at different 

timescales?

• What mechanisms, in addition to direct radiative forcing, 

may be involved in the solar modulation of climate?




