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Solar irradiance variability:
Three points to remember

. plays an important role in the Earth’s upper atmosphere
. IS driven by variations in the magnetic field

. IS determined by the structuring of the solar atmosphere


































An Application: The Orbital Debris Problem
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- Total Solar Irradiance
- Measurements
- Application to climate change

- Solar Spectral Irradiance
- The Solar Atmosphere
- Soft X-rays
- Extreme Ultraviolet
- Ultraviolet
- Visible/Infrared
- Overview of observations
- Application to satellite drag

QOutline

- Common proxies for solar activity
- Proxy irradiance models

- A quick note on regression
- Training/Test/Validation
- Gaussian Process Regression

- The magnetic flux as a proxy

- Forecasting solar activity
- Autoregression
- Magnetic flux transport

- Emission processes
- Optically thin line emission

- Semi-empirical models
- Differential emission measure

- My 2 cents on useful tools and skills
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Solar Irradiance

Overview of the Solar Spectral Irradiance
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Total Solar Irradiance: The Sun’s radiated power integrated
over all wavelengths




The Total Solar Irradiance: Measurements and Composites

Total solar irradiance database
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TSI Variations During a Period
of Very High Solar Activity

TSI is often anti-correlated
with solar activity

MDI/SoHO
October - November 2003
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The Total Solar Irradiance: Application to Climate Change

Temperature Anomaly (°C)

Temperature Anomaly (°C)
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Solar Irradiance

Overview of the Solar Spectral Irradiance
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Soft X-Rays: < 50 A

XRT/Hinode
September — November 2014

Very high contrast between
qu,éef: and active Sun

Generally formed at high
temperatures (> 2MK)

Very high contrast
between quiet and active
sun — strong variation
over solar rotation and
solar cycle

Flares contribute
significantly to variability

Optically thin

Limited measurements
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EVE/SDO Flare Irradiance
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SXT/Yohkoh Images Over a Solar Cycle




SXT/Yohkoh Images Over a Solar Cycle
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Example SXR Irradiance Solar Cycle Time Series
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Solar 10.7 cm Radio Flux

Example SXR Irradiance Spectrum
New Observations from X123

Caspi, Woods, & Warren (2015)
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Extreme Ultraviolet: 50 — 1200 A
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EVE/SDO EUV Spectral Irradiance

1 A spectral resolution
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Formed at chromospheric,
transition region, coronal,
and flare temperatures

Optically thin and thick
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Moderate contrast
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sun — moderate variation
over solar rotation and
solar cycle

Many measurements
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EUV: 50 — 1200 A: EVE/SDO Irradiance Spectrum
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The Extreme Ultraviolet Imaging Spectrometer on Hinode The Extreme Ultraviolet Imaging Spectrometer on Hinode
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EUV: 50 - 1200 A
Chromosphere
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Ratio to Solar Min

Ratio to Solar Min

Example EVE/SDO EUV Irradiance Time Series

16 :,] T T T T T T T T T ]

£ Fe XVI1335.31A 3 Fe XIV 211.32 A
12F — é
10F . g

8f 12

6k . 2

C . o l

4r F

2 -_ LIN 1 1 1 1 1 1 1 _- 1 m 1 1 1 1 1 1 1 1

Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul

2010 2011 2012 2013 2014 2010 2011 2012 2013 2014
@ L] L] L T L] L L] L] L : @ L] L] L] L] L L] L] 1 L]

' Fe XI1195.12 A ] " He 1 303.72 A ]
3 1 _18f .
3.0F 1 =

5 5 16f ]

L (@) -
2.5F 3 1) .

X o [

: = 141 -
2.0F 1 2

C . o i
15F - 1.2r ’
1.0E \MN N . SR okt

Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul

2010 2011 2012 2013 2014 2010 2011 2012 2013 2014
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Example UV Irradiance Time Series
SUSIM/UARS
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Temporal Coverage of Solar UV Irradiance Observations
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An Application: The Orbital Debris Problem
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Number of Objects

An Application: The Orbital Debris Problem
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Solar EUV Irradiance Variations Thermospheric Density Response
NRLMSISE
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Solar EUV Irradiance Variations Thermospheric Density Response
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Connections Among Space Environment Components

Satellites and Debris

Gas

Photons
(+Solar Wind)

4

Solar EUV and
FUV Irradiance

Lower
Atmosphere

Solar Wind

v

Thermospheric
Density

Total Solar
Irradiance

Thermospheric
Wind and
Composition

Forces

—>

Gravity

Drag Force

——

The irradiance and the aEmosPhere
are just part of the problem!

Solar Radiation

—

Pressure

—

Tracking
Observations

Satellite

Trajectory

Sep 2012
00:00:00

Owner/Operator
Maneuvers

>e—>

Many

Catalog
Maintenance

Objects

Satellite Mass,
Shape, Material,
Attitude

Collision
Prediction and
Avoidance




Connections Among Space Environment Components

Satellites and Debris

Gas

Photons
(+Solar Wind)

4

Solar EUV and
FUV Irradiance

Lower
Atmosphere

Solar Wind

v

Thermospheric
Density

Total Solar
Irradiance

Thermospheric
Wind and
Composition

Forces

—>

Gravity

Drag Force

——

The irradiance and the aEmosPhere
are just part of the problem!

Solar Radiation

—

Pressure

—

Tracking
Observations

Satellite

Trajectory

Sep 2012
00:00:00

Owner/Operator
Maneuvers

>e—>

Many

Catalog
Maintenance

Objects

Satellite Mass,
Shape, Material,
Attitude

Collision
Prediction and
Avoidance




- Total Solar Irradiance
- Measurements
- Application to climate change

- Solar Spectral Irradiance
- The Solar Atmosphere
- Soft X-rays
- Extreme Ultraviolet
- Ultraviolet
- Visible/Infrared
- Overview of observations
- Application to satellite drag

QOutline

- Common proxies for solar activity
- Proxy irradiance models

- A quick note on regression
- Training/Test/Validation
- Gaussian Process Regression

- The magnetic flux as a proxy

- Forecasting solar activity
- Autoregression
- Magnetic flux transport

- Emission processes
- Optically thin line emission

- Semi-empirical models
- Differential emission measure

- My 2 cents on useful tools and skills




