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Natural Climate DriversNatural Climate Drivers

Ocean cycles Ocean cycles -- annual and decadalannual and decadal
Solar cycles Solar cycles –– longer termlonger term
VolcanismVolcanism

Covered in IPCC science chapters, but downplayed 
in models and ignored in summaries



El Nino
Southern

Oscillation
ENSO

The “Walker
Circulation”



LA NINALA NINA EL NINOEL NINO

COLD                   WARMCOLD                   WARM COLD                   WARMCOLD                   WARM



Pacific Decadal Oscillation
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Mostly El Ninos

Mostly La Ninas

PDO PDO -- COLD MODECOLD MODE PDO + WARM  MODE        PDO + WARM  MODE        COLD COLD 

Wolter



Atlantic MultiDecadal
 

Oscillation



Annual Atlantic MultiDecadal Oscillation (AMO)
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Atlantic Atlantic MultidecadalMultidecadal
 

Oscillation Oscillation 
Correlates with northern hemisphere warmth, 

statistically significant in places 



PDO+AMO vs USHCN V2 Annual Temp
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Major Volcanic EruptionsMajor Volcanic Eruptions



What about these extensive global cooling events

Cooling events
then recent
warming from 
variations in 
volcanic activity

( a measure of level of sulfate aerosols) (NASA GISS)



Years with more than ½ STD departures stratospheric aerosols

Annual Temperature Anomalies 

More than 1/2 STD Above More than ½ STD Below

Data NASA GISS, CDC
Early to Mid 2000s

After major eruptions During quiet periods



What about these extensive global cooling events

Cooling events
then recent
warming from 
variations in 
volcanic activity 

( a measure of level of sulfate aerosols) (NASA GISS)
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11 YEAR SOLAR SUNSPOT CYCLE11 YEAR SOLAR SUNSPOT CYCLE



Quieter cycle periods
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Cyclical Factors Cyclical Factors --
 

SolarSolar
Direct EffectsDirect Effects

Changes in solar brightness (irradiance) (Changes in solar brightness (irradiance) (BaliunasBaliunas, Soon, , Soon, 
Hoyt, Hoyt, SchattenSchatten, , ScafettaScafetta/West)/West)

Indirect Effects Indirect Effects 
UV warming through ozone chemistry high up in low UV warming through ozone chemistry high up in low 
and mid latitudes (and mid latitudes (ShindellShindell at NASA GISS, at NASA GISS, LabitzkeLabitzke))
Geomagnetic storms that warm high latitudes (Geomagnetic storms that warm high latitudes (LabitzkeLabitzke, , 
PychePyche et al)et al)
Active sun reduces low cloudiness by diffusing galactic Active sun reduces low cloudiness by diffusing galactic 
cosmic rays cosmic rays -- ion mediated nucleation (ion mediated nucleation (SvensmarkSvensmark))

Scaffetta
 

and West (2007) using Total Solar irradiance as a proxy for the
 

total 
solar effect suggested the sun may account for 69% of the changes since 1900



Ultraviolet Radiation and OzoneUltraviolet Radiation and Ozone

Though solar irradiance varies only 0.1% over the 11 Though solar irradiance varies only 0.1% over the 11 
year cycle, radiation at longer UV wavelengths are year cycle, radiation at longer UV wavelengths are 
known to increase by 6 to 8 percent with still larger known to increase by 6 to 8 percent with still larger 
changes (factor of two or more) at extremely short UV changes (factor of two or more) at extremely short UV 
and Xand X--ray wavelengths (Baldwin and Dunkerton, JAS ray wavelengths (Baldwin and Dunkerton, JAS 
2004). 2004). 
LabitzkeLabitzke has shown statistically significant differences has shown statistically significant differences 
of temperatures in the lower stratosphere into the of temperatures in the lower stratosphere into the 
middle troposphere with the 11 year solar cycle middle troposphere with the 11 year solar cycle 
(warmest at max)(warmest at max)
ShindellShindell et al NASS GISS (1999) showed results from a et al NASS GISS (1999) showed results from a 
global climate model including ozone and UV found global climate model including ozone and UV found 
UV induced stratospheric ozone changes and generated UV induced stratospheric ozone changes and generated 
heat that penetrates into the troposphere, in effect heat that penetrates into the troposphere, in effect 
confirming confirming LabitzkeLabitzke’’ss findingsfindings



A good test Sept 
2001-April 2002 
with second 
solar max with 
high UV



Pattern fit the findings of Pattern fit the findings of LabitzkeLabitzke and and ShindellShindell’’ss models models 



Maunder Minimum –

 
Little Ice Age (Shindell

 
NASA)





An inverse relationshipAn inverse relationship

Bago

 
and Butler



NASA
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R2= 0.59 
R2= 0.64 for  3 year 
lag temp vs TSI 

NCDC Annual Mean US Temperature vs
 

Hoyt Schatten
 

TSI

TSI as a proxy for total solar effect



Fit is much better of solar 
irradiance with arctic 
temperatures (Polyakov) 
(79%)  than with
Greenhouse gases (22%)

Arctic Annual
Mean Temperatures
vs Solar Irradiance
(Soon GRL 2005)



Sun and Ocean Cycles Versus Temperatures
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Top Sunspotless Day Years 1849-2009
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743 this minimum so far
232 this year to date







(Cliverd

 

et al., 2007)
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