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Space Weather Eftects from Solar Photons

What do we know?

What do we not know
(but need for VSE)?

How do we get there?

Sun-Thermosphere

 Satellite Drag &
Aerobraking

- thermospheric density
changes with solar activity and
these density variations directly
affect satellite drag

» Atmospheric coupling from
below
- recent Air Force study suggests

solar FUV heating in stratosphere
affecting satellite drag with 5-day

lag

* Integration of Great
Observatory efforts (UARS,
TIMED, SORCE)

* Improved coupling of
atmospheric layers in models

Sun-lonosphere

« Communication
Disruptions

- ionosphere strongly
influenced by solar EUV
irradiance, so solar flares cause
sudden ionospheric density
changes that can disrupt
communications

* Navigation Errors

- Precision of navigation
systems (GPS, LORAN,
OMEGA) are impacted by
ionospheric changes

* Pre-conditioning of the
ionosphere from previous solar
events

* Non-linear forcing effects
(feedbacks)

* Integration of Great
Observatory efforts (UARS,
TIMED, SORCE, FAST,
IMAGE)

 Improvements to ionospheric
models and migration towards
operational models of the

ionosphere and thermosphere

- e.g. atmospheric models
such as GAIM, CTIM/CTIP,
TIME-GCM, WACCM

Solar UV Irradiance and Flares




Planetary Atmospheres Absorb Solar UV

e Solar ultraviolet (UV) radiation drives heating, chemistry, and
dynamics in the planetary atmospheres

— Absorption is primarily by photodissociation of molecules,
photoionization, and excitation to higher electronic states

EARTH

Main absorbers: O,;, O,, O, N,

MARS

Absorbers: CO,, N,, O,, CO, O, NO

Xuv EUV FUV MUV NUV 300 MBLRRALL A ELALLLLL AL B R L) B B LLL B R AL

250 | S :

_ 250 -

—~ 200 l l Threshold 7] £ X

S 1 || 2 ]

< 150f 1l :

) Thermosphere ] 3 ’

5 : NERE ]

5 100 / 1 Il < )

- i Mesosphere ]
= 50— '@ 00 1| . F >
50 i Stratosphere ] 100 . —
ot_ Troposphere .. & .. . . A\ 001 0.1 1 10 100 1000 10*

0O a0
Wavelength (nm)
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Photoionization Rate (ecm3s-!)

Altitude for optical depth of 1.0

Fox, JGR, 2004.
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Solar Cycle Effects on Earth’s Atmosphere
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Satellite Orbit Degradation
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Communication Disruptions & Navigation Errors

e Sudden lonospheric Disturbances (SIDs) causes disruptions (loss
of signal) for both communication and navigation systems

e Solar storms cause ionospheric changes that degrades the
navigation precision
— OMEGA - ground transmitters (not operational since 1997)
e Normal precision of 1 km degrades to 20 km during solar storms
— LORAN - ground transmitters (limited coverage now)
e Normal precision of 0.2 km degrades to 5 km during solar storms

— Global Positioning System (GPS) - satellites

e Normal precision of 10 m degrades to 50 m during solar storms

GPS
% \b\q \Calmlat;? pc:mtmﬂ‘%
LORAN ~
OMEGA '
\ Actual position

L S

I

REF: NOAA Sp. Wx. Primer Solar UV Irradiance and Flares 6



Solar Irradiance

What do we know? What do we not know How do we get there?
(but need for VSE)?
Spectral Irradiance « irradiance at Mars (needed » some combination of models
« irradiance at Earth (and for Mars atmospheric research | and/or measurements at Mars
thus for the moon) and mission operations)

- long-term measurement
set (1980s to present)

Solar UV Irradiance and Flares 7




Approaches for Planet’s Solar Irradiance

Approach Advantages Disadvantages
Time shift Earth-based No SSll on S/C Worst accuracy
iIrradiance measurement (8-60% relative error)
to planet’s location Miss most flares
Model irradiance at No SSll on S/C Poor accuracy
planet using Earth-based (3-20% relative error)
solar images Miss most flares
Measure solar “proxies” | Good accuracy Small SSll on S/C
at the planet and model | (2-5% relative error)
rest of solar spectrum Observes flares
Measure solar UV Best accuracy Larger SSlI on
irradiance at the planet | (1-2% relative error) S/C
(over most wavelengths) | Observes flares

SSIT = Solar Spectral Irradiance Instrument
S/C = Spacecraft (to planet)

Solar UV Irradiance and Flares 8



Earth-based Solar Irradiance Measurements

I8 Time
Mission / Instrument Range AN Cadence Status
(nm) (nm) (min)
GOES / XRS 0.05-0.8 0.7 0.05 1976 - present
SOHO / SEM 26-34 8 1 1996 - present
0-50 50
B | TIMED / SEE - EGS 27-193 0.4 100 2002 - present
W | TIMED / SEE - XPS 0.1-27 | 7-10
SORCE / TIM TSI : 6 2003 - present
SORCE SORCE /SIM 250-2700 | 1-30 100
SORCE / SOLSTICE | 115-300 | 0.1 100
SORCE / XPS Od-27 1 710 .
GOES / EUVS 5-125 1-10 0.2 First launch 2005
SDO / EVE - MEGS 5-105 0.1 0.2 Launch 2008
SDO /EVE - ESP 0.1-37 2-7
SDO / EVE - SAM 0.1-7 1 0.01-1
NPOESS / TSIS - TIM TSI - 6 Launch 2012
NPOESS / TSIS - SIM | 200-2000 | 1-30 100

Solar UV Irradiance and Flares




Example of Time Shifting Earth Measurements

e Time-shifted the TIMED SEE solar irradiance
measurement plus scaled by sun-planet distance

— SEE data and code for time-shifting are available at
http://lasp.colorado.edu/see/

e Download SEE Level 3 merged data set and the
plot_see code.zip file listed in the “Data” menu

TIMED SEE at 30.5 nm

{0 [T _

1.0 — Venus ‘

08F -

06F Earth =
0.4F ]
0.2 -W\M\AWWW’“‘M'\M“\_MM -

Mars
0.0L .

2002 2003 2004 2005 2006
Time (year)

Irradiance (MW/m®)
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Summary of Solar Irradiance Models

Model Input
SERF-1 F10.7
EUVAC F10.7

NRLEUV  F10.7,Mg-1I
Yohkoh Images

3C UV Ca-II Images
FUV Ca-II Images
FISM EUV Proxies
VUV2002 F10.7
SOLAR2000 F10,Ly-a,Mg
SunRISE  PSPT Images

TSI Sunspot ,Mg-11

Data
AE-E
Rkt, AE-E

Skylab DEM
CHIANTI DB

RO (007 UV [Vis-IR| TSI

—

Rkt, Nimbus

UARS
TIMED
Rkt, UARS
Many Sat.

Kurucz DB

Proxy Model |:|
Image/Physics Model [

Only Flare Model

Nimbus,ERBS

Solar UV Irradiance and Flares
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Solar Irradiance Variations for Planetary Research

Orbital Variations - Insolation Intrinsic Solar Variability
Planet <1/R%> ¢ Effect Orbit Solar Solar xX17
(1=Earth) (%) Period Solar Layer Rotation Cycle Flare
Mercury | 6.75 130 0.24 yr Photosphere 0.1-0.3% 0.1% 0.03%
Venus 1.93 3.0 0.62 (NUV-Vis-NIR)
Earth 1.00 6.9 1.00 Chromosphere 3-20% 10-60% 3-30%
Mars 0.43 45 1.88 (FUV-MUV)
Jupiter 0.037 21 11.9 Tran_smon 10-50% 60-300% 150-300%
Region

Saturn 0.011 25 29.5 (EUV-FUV)
Uranus 0.0027 21 84 Corona x1.5-5 | x10-100 x 2-100
Neptune 0.0011 3.7 164 (XUV-EUV)
Pluto 0.00064 178 248

Solar UV Irradiance Requirements for Planetary Research
e Spectral range and resolution
— XUV (0.1-30 nm) and EUV (30-120 nm) ranges are most important
— FUV (120-200 nm) and MUV (200-300 nm) are of secondary priority
— Spectral resolution of 1-5 nm is needed
e Time resolution
— Daily time cadence is needed for most atmospheric studies
— Minute time cadence is needed for solar storm related studies

e Accuracy: 20% in XUV/EUV & 5% in FUV/MUV

Solar UV Irradiance and Flares 12



Solar Irradiance Variations

What do we know?

What do we not know
(but need for VSE)?

How do we get there?

Daily solar variations

* Long-term measurements
(1980s to present)

- TSI, spectral irradiance
- solar cycle, rotation

e Several models
(SOLAR2000, NRLEUV,
EUVAC, SERF)

How do solar magnetic fields
drive irradiance variations?
(needed for predictions of
irradiance changes)

* Integration of Great
Observatory efforts (SOHO,
TIMED, SORCE)

e Future Solar-B and LWS
SDO missions

* Integration of solar MHD and
dynamo models

Flare variations
* recent measurements

- first detection of flares
in TSI time series (SORCE)

- simultaneous spectral
coverage during flares
(TIMED SEE)

- large flares indicate
variations as much as solar
cycle changes

» new flare model
- FISM - empirical model

 Improved spectral and
temporal knowledge of flare
events as today’s knowledge
is limited by current instrument
capabilities (needed to
develop accurate models for
flare variations)

 Improved understanding of
flare processes and trigger
criteria (needed for predictions
of flare events)

* Integration of Great
Observatory efforts (SOHO,
RHESSI, TRACE, TIMED,
SORCE)

e Future Solar-B and LWS
SDO missions

» Development of flare
irradiance models

- work in progress for
SOLAR2000 and NRLEUV

Solar UV Irradiance and Flares
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Examples of Solar Variations

Irradiance

4

3L

Solar Cycle (11-years)

1940 1950 1960 1970 1980 19380 2000 2010

Time (year) U

kb

e Solar Rotation -
days to months

— Beacon effect of active
regions rotating with the
Sun (27-days)

e Flares - seconds to hours

— Related to solar storms (such as CMEs)
due to the interaction of magnetic fields

on Sun

| e Solar Cycle - months to years

— Evolution of solar dynamo with 22-year magnetic

cycle, 11-year intensity (sunspot) cycle

Irradiance

. XUV0-7nm
F ‘ i 1

HI121.5 nm

Solar Rotation (27-days)

0 50 100 150
Time (days of 2003) 4

\

Irradiance

Flares

o)

162 164 166

Time (days of 2003)
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Flares Dominate XUV Irradlance Tlme Serles

e TIMED SEE XPS has observed L et I
more than 300 large flares |~ 1000F S0 T
o SORCE XPS has observed more |5 ™™ j SN '
than 800 large flares = 100F | i,
— Large flares increase in the XUV B o
range by factor of 2 - 100 g ookl
e Several important solar storm ; ]
periods during the SORCE 0.01/
mission: 2003.0 2003.5 2004.0 2004.5 2005.0 2005.5 2006.0
— A: May-Jun 2003 (127 large flares) | | Time (year)
— B: Oct-Nov 2003 (144 large flares) /
— C: July 2004 (155 large flares) 100'0000? SORCE XPS 04 nm HI GOES 04-0.8 nm (B)
— D: Nov 2004 (62 large flares) 10.0000 k .
— E: Jan 2005 (96 large flares) g ;
— F: Sep 2005 (75 large flares) % 1.0000 ¢ e
e Note that the X-ray classification of flares | ¢ 1000k ’ ““""«...
is based on the GOES 1-8 A irradiance | g
(A, B, C, M, X) g 00100 -
— e.g., X3.2=3.2x 10" mW/m? = ook
0.0001
290 300 310 320 330 340
Time (Days of 2003)
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X17 Flare Variation is as Large as Solar Cycle Variation

C® 1.15 (B)
e TIMED and SORCE 10l .
observations of the . 101
large X17 flare on 28 s 105}
Oct. 2003 m_
AL
e Panel A: FUV Ly-a MU
. . 0.90

— 20% at Ly-a core
- x2forly-awngs | 7% 7 7 T~

— x 17 for 120.6 nm (C) | TIMED Ratio
emission (Si lll & Cr XX)| 10 —LL SORCE Ratio -

Irradiance
e Panel B: MUV Mg Il
— 12% for Mg Il lines

e Panel C: VUV

— X 2 or more for EUV and ' §
some FUV lines W } W:

— >10 for X'rayS ..................
0 50 100 150 200

Wavelength (nm)
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TSI Variations are Larger than Expected for Flares

e TSI variations for flares are a factor of about 100 of the GOES
0.1-0.8 nm flare energy

— Example for large X-class flares : TSI energy > 1032 ergs
— 10 times more than expected (e.g., Emslie et al., JGR, 2004)

e Flare total energy and CME kinetic energy are about the same
and combined are much less than the magnetic free energy

Irradiance [W/mr]

TIM Irradiance — 28 Oct. 2003 11:10

T
TIM TSI
Flare fit
| Background
1358.01 GOES (scoled)
| XPS 0-27 nm
1357.8
1357.6 e B
1357.4
1357.2

10:20

10:40

Integrclated flare energyl[ergs] = 6.97e+32
Integrated GOES energy [ergs] = 4.39e+30
Fraction of total in GOES [%] = 0.6
Relative Amplitude of Derivative = 46%

11:00

11:20 11:40 12:00 12:20 12:40 13:00

Time [UT]
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