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The Sun-Climate Connection
1. Total Solar Irradiance = 1361 Watts-per-(meter)2

2. Solar Forcing partly offsets greenhouse warming
3. Solar Forcing of O3 layer is larger than expected
4. Solar Forcing of Land-Ocean is out-of-phase with O3

Solar Radiation and Climate 
Experiment

SORCE
2003–

Glory
2010–
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Total Solar Irradiance x 4 π (1AU)2 = Solar Luminosity



Dynamics of the Sun: Solar Minimum, What’s to come? -Boulder– October 23, 2009 The Sun-Climate Connection Robert F. Cahalan, NASA – Goddard

Total Solar Irradiance x 4 π (1AU)2 = Solar Luminosity



Dynamics of the Sun: Solar Minimum, What’s to come? -Boulder– October 23, 2009 The Sun-Climate Connection Robert F. Cahalan, NASA – Goddard

Total Solar Irradiance x 4 π (1AU)2 = Solar Luminosity

50% Sun’s Energy absorbed at Earth Surface



Dynamics of the Sun: Solar Minimum, What’s to come? -Boulder– October 23, 2009 The Sun-Climate Connection Robert F. Cahalan, NASA – Goddard

Global Means from NCAR CCM

Trenberth, 
Fasullo and 
Kiehl, 
BAMS, 
March, 
2009.

Of thisOf this

~ ½ again ~ ½ again 
Evaporates Evaporates 

WaterWater
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TSI Record with SORCE TIM

TIM

-4.5 W m-2

Fundamental discovery that the TSI 

is ~1361 W m-2, not 1366 W m-2  
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Butler et al., “Sources 
of Differences in On-
Orbit TSI …” J. Res. 
Natl. Inst. Stand. 
Technol. 113, 187-203 
(2008).

NIST Workshop 2005

Morgan and Henrion, 
Uncertainty, 
Cambridge U.P., c1990.
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Solar Contribution to 50 year Temperature trend?

Scafetta and West, Physics Today, 2008.

“We estimate that the Sun could account for as 
much as 69% of the increase in Earth's average 
temperature, depending on the TSI reconstruction 
used.”

No feedbacks: requires  0.75% 
increase in TSI.

With feedbacks: doubling in 
sensitivity, still requires a 0.4% 
increase in TSI over this period, 
or 700 ppm per decade.

A trend of this magnitude is not 
observed by the TIM onboard 
SORCE.

 SIM solar spectral observations 
indicate much smaller surface 
radiative forcing than previously 
assumed.

Global Surface T anomalies
Filtered Global Sfc Temp
Solar Reconstruction1

Solar Reconstruction2

1 Willson & Mordvinov, GRL, 2003
2 Fröhlich and Lean PMOD composite
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Is global warming likely to have been induced by our Sun?Is global warming likely to have been induced by our Sun?

This combination is not easily
made consistent with solar warming, 

but clearly results from greenhouse warming.

All regions All regions 
warmedwarmed  
at & near at & near 

the surface.the surface.

Yet the Yet the stratospherestratosphere  cooledcooled  
the the mostmost at  at highest altitude highest altitude ::

All regions warmed at All regions warmed at 
and near Earth’s surface :and near Earth’s surface :
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Changes in Earth’s Spectrum Show Greenhouse Gases

Spectral changes in 27 years Spectral changes in 27 years 
(IRIS-IMG)(IRIS-IMG)

CO2 trend is acceleratingCO2 trend is accelerating



Dynamics of the Sun: Solar Minimum, What’s to come? -Boulder– October 23, 2009 The Sun-Climate Connection Robert F. Cahalan, NASA – Goddard

Changes in Sun’s Spectrum Are Out-of-Phase
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Top, Surface, Atmosphere

INPUT

OUTPUT
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Summary
What have we learned during this solar minimum?

Approximate Radiative Balance of Solar Input and Earth Output
• TSI = 1361 ± 0.8 W/m2,  ~ 4.5 W/m2 (1/3 %) lower than previously accepted
• Reflected = 99 W/m2, and Emitted = 240 W/m2

Imbalance implies continued warming – Greenhouse dominates, Sun a 
player.

• Current Minimum TSI slightly lower than previous Minimum TSI, offsets some warming

• Albedo smaller, ~29% (vs ~31%) – more solar energy absorbed than previously accepted

• Atmosphere’s Absorption larger ~23% (vs ~20%) due to Aerosol & H20 Continuum

• Net Imbalance of ~ 0.85 Watts-per-(meter)2 – ocean heat storage estimate.

Sun’s Spectrum is changing, as is Earth’s
• Near-Ultraviolet changes more than TSI, explaining 1.0 K variations at ~40 km, top of O3 layer

• Visible and Near-Infrared changes out-of-phase with TSI.
• TSI, integral of the spectrum, is comprised of spectral regions that have compensating effects. 

• Surface solar forcing is very small, with direct surface response < 0.1 K in 11-year cycle
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New LASP Facility for End-to-End Calibration
- compare each TSI instrument 
against NIST-calibrated cryogenic 
radiometer in the TSI Radiometer 
Facility (TRF)

Glory TSI agrees to 200 ppm
PICARD PMO instrument at TRF 

late summer

Facility SI Reference Operating Conditions Comments

Table Mountain none •vacuum
•solar viewing
•window transmission
•circumsolar scatter

no link to SI and scatter 
effects limit usefulness 
of comparison

World Radiation 
Reference (WRR)

linked to NPL (with high 
uncertainties)

•solar viewing
•air operations
•circumsolar scatter

air operations and 
scatter limit absolute 
accuracy

NRL Cryo Radiometer NIST calibrated cryo 
radiometer

•vacuum
•solar power level

not built

TSI Radiometer Facility 
(TRF)

NIST calibrated cryo 
radiometer

•vacuum
•solar power level

proven on Glory/TIM
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Long-Term Reconstructions

• Improved solar models will enable improved reconstruction of the irradiance 
back to the Maunder Minimum

Current Estimate for
Maunder Minimum
400-year Variability

0.07% = 1 W/m2

Maunder
Minimum
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Apollo Heat Flow Experiments (HFEs)

Heat Flow Experiments (HFEs) from Apollo 15 & 17 show very small thermal 
diffusivity of lunar regolith ≈ 10-8m2/s, 100 X smaller than that of Earth’s 

crust.

Temperature anomalies as 
response to two scenarios of 

reconstructed TSI at the 
equator, mid-latitude and near 

south pole.
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