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What have we learned during this solar minimum?
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The Sun-Climate Connection
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Placed within the Earth-Sun Exploration Division at MASA's Goddard Space Flight Center, Sun-Climate Center is an integrated
program of observational systems and research to improve the understanding and prediction of the response of Earth's
climate to solar forcing from monthly to multi-centennial time scales, to protect life on Earth, and to ensure the safety of human
explorers.

The Sun-Climate Center is one of the nine cross-cutting themes of the Earth-Sun Exploration Division. Itis an interdisciplinary union
of researchers in the Solar Physics and Climate and Radiation branch at Goddard Space Flight Center.

Mew high-accuracy measurements allow us to study the link between solar activity and climate changes. Below we included near
real-time images of processes that might be crucial for the understanding of the solar influence on climate.

Modern satellite-based measurements Sunspots and active regions influence the There are indications that the variable
provide information about the variable sun |solar irradiance which determines the solar input does significantly influence our
with unprecedent accuracy. energy input into the Earth's climate climate.
The figure shows how the sun presents system. The figure shows our weather at this
itself to us at this moment. The figure shows the total solar irradiance  moment. It is yet unclear how the sun
during the last 3 months. contributes to the variability in our climate
system.
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Total Solar Irradiance x 4 Tt1(1AU)? = Solar Luminosity
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Total Solar Irradiance x 4 Tt1(1AU)? = Solar Luminosity
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(Global Means from NCAR CCM
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TSI Record with SORCE TIM

Total Solar Irradiance Composite
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Solar Contribution to 50 year Temperature trend?

Global Surface T anomalies
12 , : : : : Filtered Global Sfc Temp
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1 Willson & Mordvinov, GRL, 2003
2 Frohlich and Lean PMOD composite

> No feedbacks: requires 0.75%
increase in TSI.

» With feedbacks: doubling in
sensitivity, still requires a 0.4%
02 - - - i - increase in TSI over this period,
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> A trend of this magnitude is not
Scafetta and West, Physics Today, 2008. observed by the TIM onboard

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

> SIM solar spectral observations
indicate much smaller surface

radiative forcing than previously
assumed.
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Is global warming likely to have been induced by our Sun?

Global and Continental Temperature Change

All regions
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Yet the stratosphere cooled S0

the most at highest altitude : 1|

This combination is not easily

made consistent with solar warming, o
but clearly results from greenhouse warming. 2|
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Changes in Earth’s Spectrum Show Greenhouse Gases
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Changes in Sun’s Spectrum Are Out-of-Phase
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Top, Surface, Atmosphere

[Surface Energy Balance]
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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/m?, ~ 4.5 W/m? (1/3 %) lower than previously accepted
Reflected = 99 W/m?, and Emitted = 240 W/m?

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 & H,0 Continuum

Net Imbalance of ~ 0.85 Watts-per-(meter)? — ocean heat storage estimate.

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

Robert F. Cahalan, NASA — Goddard
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L.ong-Term Reconstructions

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

Reconstructed Total Solar Irradiance

1362.0
1361.5f ) Current Estimate for
| | Maunder Minimum
1361.0 i } | 400-year Variability
| 0.07% =1 W/m?2
& 1360.5 A\
S
= 1360.0|
1359.5
) Lean, 2000 3
1359.0 Wang,Lean,Sheeley, 200 .
TopPin et al,, 2007/
13585001 1111411 |||||||||||||| 11 ||||||||||| | =
1700 1800 1900 2000
Maunder
Minimum

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



Thermocouples

-Probe 1
Electronics box 3 '
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Heat FIow Experiments (HFEs); ;ﬁrom Apollo 15 & 17 show very small thermal
diffusivity of lunar regolith = 108m2/s, 100 X smaller than that of Earth’s
crust.

Temperature Anomolies in Lunar Boreholes

Temperature anomalies as
response to two scenarios of
reconstructed TSI at the
equator, mid-latitude and near

sottirpote
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