Timescales of Solar Variability

Solar Cycle - months to years

Evolution of solar dynamo with 22-year magnetic
cycle, 11-year intensity (sunspot) cycle
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The Solar Cycle
11-year “Sunspot” or Solar Activity Cycle

DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS
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Recent Sunspot Numbers

Monthly Sunspot Area

Cycle 24 Sunspot Number Prediction (June 2012)
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So what are these spots anyway?

A brief detour into atomic physics...
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Magnetic Fields and Sunspots

Magnetic Field ON
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Source of Solar Cycle

11-year sunspot cycle Is really a 22-year
magnetic cycle (magnetic field reverses every
11 years).

Differential rotation of Sun
causes “knotting” of
originally dipole-like
magnetic field.

Knotting
peaks ~5.5 years after
“clean” start. Solar activity
and output peaks.

Sun
cleans itself up over next
5.5 years into a quiet, but

“reversed” dipole field.
32




Surface magnetic fields over the
solar cycle
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Magnetic Butterfly Diagram
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How much does the energy
output of the Sun change?

* Most of the power is at visible
wavelengths or longer (shape of the
blackbody)

* Most of the variabillity is
wavelengths or shorter
the solar atmosphere)
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The observed spectrum from
SORCE mission

Integrate over all wavelengths

to get total radiative output,

aka Total Solar Irradiance (TSI) or
the "solar constant”




Total Solar Irradiance Observations

Total Solar Irradiance Database
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One way to link them is to assume
the most recent is the best.

Total Solar Irradiance Composite
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4 TS| Composites: Conflicting Results

PMOD W m~2 per decade: —9.23e-05
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variapDllity Can De aescrined as
bright vs dark |

2—Component TSI Regression Model
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The Earth System

Both of these interact with the Sun on short and
long timescales.




Earth’s Atmosphere Composition & Densit
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Solar Photons and the Atmosphere

The Solar Spectrum at top of
atmosphere (similar to 5800 K
blackbody spectrum)

N
?

o
]

O,
H,0

0z,H,0 The Solar Spectrum at the
H,0 surface of the Earth

O
1

'c
~
o
=
=
N
o
<
L




The Atmosphere and TSI

EARTH’S ENERGY BALANCE
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Climate Influences
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Global Surface Temperature Responses
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Global Surface Temperature Since 1890
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