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Report Outline

§ SEE Instrument Operations and Instrument Status 

§ SEE Data Products

§ New XPS Level 4 Data Product and Results

§ SEE Science Overview 

§ Summary of SEE Results

ÅSolar Cycle Variability

ÅSolar Irradiance Model Updates from NRL,            

SOLAR2000, FISM

ÅAtmospheric Response to Solar Variability

§ Summary of SEE Related Talks and Papers

§ Future Plans for SEE Team
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Overview of Operations 

and Data Processing
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SEE Measures the Solar VUV Irradiance

XUV EUV FUV

EGS 27-194 nm with Dl=0.4 nm

XPS 0.1-34 nm with Dl=7-10 nm

and Ly-a(121.6 nm) with Dl=2 nm

FUV = Far UltraViolet: 115-200 nm

EUV = Extreme UltraViolet: 30-115 nm

XUV = X-ray UltraViolet: 0-30 nm

EGS = EUV Grating Spectrograph

XPS = XUV Photometer System

EGS = EUV Grating Spectrograph
Rowland-circle grating spectrograph with 

64x1024 CODACON (MCP-based) detector

XPS = XUV Photometer System
Set of 12 Si photodiodes - 8 for XUV, 1 for 

Ly-a, and 3 for window calibrations
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Summary of SEE Flight Operations

§ Planned Experiments (through Oct 20, 2008)
ÅNumber of normal solar experiments = 35,031

§ Actual Experiments (through Oct 20, 2008)
ÅNumber of normal solar experiments = 34,145 (97%) 

§ Calibration rockets provide degradation rates for SEE
ÅNASA 36.192 launched on Feb. 8, 2002, complete success

- Rocket results incorporated into Version 6 data

ÅNASA 36.205 launched on Aug. 12, 2003, complete success

- Rocket results incorporated into Version 7 data

ÅNASA 36.217 launched on Oct. 15, 2004, complete success

- Rocket results incorporated into Version 8 data

ÅNASA 36.233 launched on Oct. 28, 2006

- Partial success (only 0.1-36 nm and 121.6 nm irradiance measured)

ÅNASA 36.240 launched on April 14, 2008, complete success

- Rocket results incorporated into Version 10 data
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List of SEE Data Gaps - Very Few Gaps

Date State Sensor(s) Science Data Affected

March 1, 2002 Safe Mode Both Part day

March 2, 2002 Safe Mode Both All day

March 4, 2002 Ground SW Anomaly EGS All day

March 5, 2002 Ground SW Anomaly EGS Part day

March 19, 2002 Safe Mode Both Part day

March 29, 2002 Safe Mode Both Part day

July 24 - 30, 2002 XPS Filter Wheel Anomaly XPS All days

Nov. 18-19, 2002 Leonid Safing Both Part day

Sept. 16 - 21, 2004 TIMED Flight Software Load Both Sept. 16,21: Part day

Sept. 17-20: All day

Sept. 29 - Oct. 1, 2004 TIMED Flight Software Load Both Sept. 29, Oct. 1: Part day

Sept. 30: All day

May 4, 2005 Lost data due to HK rate being 

at 5 sec (normally 15 sec)

Both Part day (after SSR 

allocation reached)
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List of SEE Data Gaps - 2

Date State Sensor(s) Science Data Affected

Aug 16-18, 2006 Safe Mode Both Partial day on 16th

All day on 17th

Partial day on 18th

July 25-26, 2007 Safe Mode Both Partial day

Nov. 19, 2007 Safe Mode Both Partial day

Jan. 8-15, 2008 Safe Mode Both Partial day on the 8th

All day from 9-15

May 24-25, 2008 Safe Mode Both Partial day on 24th

All day on the 25th

July 7, 2008 Planning Anomaly Both Partial day
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Status of SEE Instruments

No recent changes for SEE

§ EUV Grating Spectrograph (EGS) - fully functional

ÅThe EUV (l< 115 nm) has degradation mostly at the bright lines on the 

CODACON (MCP-based) detector, but it is being tracked with on-board 

redundant channel and flat-field detector lamp weekly experiments

ÅThe FUV (115-195 nm) has small recovery rate that is corrected using 

UARS, SORCE, and XPS comparisons

§ XUV Photometer System (XPS) - 3 channels functional

ÅFully functional until 2002/205 when there was a filter wheel anomaly   

(filter wheel stuck in position 6)

ÅThree channels providing solar measurements

ÅNo spectral gaps in the XUV though because of new XPS Level 4 algorithm

§ Microprocessor Unit (MU) - fully functional

§ SEE Solar Pointing Platform (SSPP) - fully functional
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Potential Life Issues for SEE

§ EGS (grating spectrograph)
ÅMCP-based detector has significant degradation at a few wavelengths (~5% of 

spectral range).   Accuracy already degraded at those wavelengths.  Degradation has 
slowed down with time, but still expect this degradation to continue during extended 
mission. 

ÅNo degradation or anomalies for HV supply or slit changer mechanism; expect them 
to perform well for several more years

§ XPS (set of photometers)
ÅNone:  filter wheel mechanism is not used anymore

Å Lower priority than EGS as have SORCE XPS 

§ SSPP (pointing platform)
ÅNo degradation or anomalies for SSPP; expect it to perform well for several more 

years

§ Recent change in Sept. 2008 is to perform calibration channel 
observations once a day (instead of once a week)

- This is improve EGS data products due to EGS detector degradation for normal channel.

- Due to being at solar minimum, donôt expect any more degradation now with daily 
observations as with weekly observations during solar cycle maximum
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SEE Data Products
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SEE Version 9 Data

§ Version 9 released in April 2007

§ Version 10 to be released soon
ÅNo additional new products

Å EGS revisions

- Vastly improved FOV correction now uses long-term information

Å Corrects small daily jumps

- Smaller degradation bins help with heavily degraded regions

- Improved Gain correction now possible because of the better FOV

- Will update FUV degradation rates from comparison to SORCE

- Will include updated EUV degradation rates using latest cal rocket

Å XPS revisions

- Updated radiometric calibrations and updated XUV degradation rates

- Improved empirical Gain correction

§ LASP Interactive Solar IRradiance Datacenter (LISIRD)

ÅRelatively new data center at LASP for its solar irradiance data products

- SME, UARS SOLSTICE, TIMED SEE, SORCE, rocket experiments

- Future missions:  Glory TIM, SDO EVE

Å http://lasp.colorado.edu/LISIRD/
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http://lasp.colorado.edu/see/

Summary of SEE Data Products

§ Download data for individual days or merged set for the full mission

§ Download IDL read / plot code

§ Plot / browse data (ION script interface)

Data Product Period Description

SEE L2A SpWx Orbit 8 solar indices (emissions/bands) for SpWx Ops

SEE L3 Day 1-nm spectrum from 0.5 nm to 194.5 nm, 

38 emission lines, XPS 9 bands

SEE L3A Orbit Same as L3 but for orbit average (3-min avg)

EGS L2, L2A D & O 0.1-nm spectrum from 27 nm to 195 nm

XPS L2, L2A D & O XPS 9 bands

XPS L4, L4A D & O 0.1-nm spectral model from 0 to 40 nm

EGS L2B (Occ) Orbit Atmospheric transmission (single altitude)

Composite Ly-a Day H I Lyman-airradiance from 1947 to present
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Example TIMED SEE Data Web Page (Table)
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Example TIMED SEE Data Browser

PLOT

TEXT LISTING

User Input
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Example SEE Flare Catalog
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Future SEE Data Products

§ No newSEE data productsare planned

§ FutureSEE data versions

Å Version 10 (in progress)

- Update instrument degradation functions (calibration rocket in Apr. 2008)

- Address EGS time series dips at some EUV wavelengths

- Will incorporate calibration channel measurements in Level 3

Å Version 11 (after end of operations)

- Expected final release will include overlap measurements with SDO-EVE and rocket 
underflights

- Final clean-up of production processing code

- Prepare products for delivery to archive center

§ Updated solar irradiance models (using SEE Version 9 data)

Å FISM - Phil Chamberlin

- 0-190 nm with 1-min cadence (flares)

- Updated with latest SEE and SORCE latest data versions

Å SIP (SOLAR2000) - Kent Tobiska

- Updated with flare components

- Updated with latest data versions
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SEE Science Overview
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SEE Science Plans

Validations
Internal Calibrations,

Underflight Calibrations

SOHO, SNOE, 

UARS, SORCE

Solar UV Variability
Function of wavelength

Over time scales of minutes to years

Solar UV Irradiance Measurements

Study Earthôs Response
Photoelectron analysis with FAST data 

and using the glowmodel

Atmospheric response studies using 

HAOôs TIM -GCM

Modeling Solar Variation
Study variations related to active region 

evolution derived from solar images

Improve the NRLEUV, SOLAR2000, 

andSunRisesolar irradiance models

S
o

lo
m

o
n

, 
R

o
b

le
,

B
a

ile
y,

 E
p

a
rv

ie
r

L
e

a
n

, 
T
o

b
is

k
a

,

C
h

a
m

b
e

rl
in

, 
W

o
o

d
s

E
p

a
rv

ie
r,

 W
o

o
d

s
,

B
a

ile
y,

 R
o

tt
m

a
n

A
ll

Obj.

#1

Obj.

#2

Obj.

#3

Obj.

#4

Obj.

#5



TIMED SEE SEE Annual Report  Nov. 2008 - 19

Overview of SEE Science Objectives

1. Accurately and precisely determine the time-

dependent solar vacuum ultraviolet (VUV: below 

200 nm) spectral irradiance

2. Study solar VUV variability (27-day rotations, solar 

cycle changes) and its sources

3. Study the solar-terrestrial relationships utilizing 

atmospheric models, primarily the TIME-GCM at 

HAO/NCAR 

4. Improve proxy models of the solar VUV irradiance

5. Determine the thermospheric neutral densities (O2, 

N2 and O) from solar occultations
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Summary of SEE Results - 1

§ Objective 1: solar VUV spectral irradiance measurements

Å Daily measurements since Jan. 22, 2002 with very few gaps

Å SEE solar EUV irradiance (version 9) and GUVI QEUV (0-45 nm) have less differences with 

recent improvements / calibrations for GUVI QEUV and for new XPS Level 4 algorithm for the 

0.1-27 nm range [Woods, Meier, Lean]

Å New reference spectra for solar cycle minimum conditions as part of the international Whole 

Heliosphere Interval (WHI) campaign [Woods, Chamberlin]

§ Objective 2: solar variability

Å Updated results on solar rotation and solar cycle variations [Woods et al.]

Å Updated results on flare variability as SEE has observed about 100 flares

- New flare catalog on-line to make access to SEEôs flare data quick and easy [Chamberlin, 

Woods]

§ Objective 3: model solar response in Earthôs atmosphere

Å Use of SEE solar data and FAST photoelectron data [Peterson, Richards]

Å Use of HAO TIME-GCM for atmospheric response to SEEôs solar input [Solomon, Roble, Qian, 

Lu]

Å Analysis of GUVI FUV airglow data during flare events [Strickland, Lean, Woods]

Å Satellite drag modeling / analysis indicating importance of solar EUV and FUV [Tobiska, 

Bowman, Solomon, Qian, Woodraska, Sutton, Forbes]
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Summary of SEE Results - 2

§ Objective 4: solar irradiance modeling

Å SOLAR2000 (S2K) model improvements [Tobiska]

Å NRLEUV model improvements [Lean, Warren]

ÅHEUVAC model improvements [Richards]

Å Flare Irradiance Spectral Model (FISM) improvements [Chamberlin]

- SEE data used to parameterize FISM - daily components and 1-min flare components

§ Objective 5: atmospheric density from solar occultations

ÅNew EGS Level 2B solar occultation data product released (version 9) [Eparvier]
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Solar Cycle Irradiance Variations

§ TIMED Max = 2002/233

§ SORCE Max = 2003/303

§ Solar Cycle Min = 2008/186
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Solar Irradiance Reference 

Spectra (SIRS)

Tom Woods, Phil Chamberlin, Rachel Hock, 
Marty Snow, Jerry Harder

LASP / CU
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Solar Irradiance Reference Spectra (SIRS)

§ Three new reference spectra for the Whole Heliosphere Interval 
(WHI) campaign during March-April 2008

ÅMinimum (quiet Sun)

ÅSunspot Active

ÅFaculae Active

§ Variability is representative of solar rotation (but much smaller than 
solar cycle)

ÅUV active variability is all positive at l< 260 nm

- Indicates lower chromosphere global-average temperature change of about +5 K

ÅNUV-Vis-NIR sunspot variability is mostly negative

- Indicates photospheric global-average temperature change of about -0.2 K

§ SIRS Minimum spectrum compares well with the ATLAS-3 
reference spectrum (Thuillier et al., 2004)
ÅDifferences are mostly within instrument uncertainties (accuracy)

Å ATLAS-3 was not at solar minimum though
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IHY2007 - WHI

§ Whole Heliosphere Interval (WHI) 

is an international coordinated 

observing and modeling effort to 

characterize the 3-dimensional 

interconnected solar-heliospheric-

planetary system.

§ Period is March 20, 2008 to April 

16, 2008

ÅSolar Carrington Rotation 2068
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Three Spectra for WHI Interval

Å ñQuiet Sunò (solar cycle minimum) Reference Spectrum

ïWHI Quiet Sun dates of  Apr 10-16 (Rocket 14-Apr-2008)

Å ñActiveò Reference Spectra 

ïñSunspotò Darkening (TSI) :  Mar 25-29

ïñFaculaeò Brightening (TSI): Mar 30 ïApr 4

Quiet Sun Faculae  Sunspot
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Spectral Distributions for WHI Irradiance Sets

§ How to combine?

Åconsider accuracy, spectral resolution, degradation, etc.

Åselect wavelength boundaries or averages ?

TIMED SEE EGS (26-195)

SORCE SOLSTICE (115-310)

SORCE SIM (200-2400)

0.1

nm

6

nm

27

nm

115

nm

200

nm

300

nm

1600

nm

2400

nm

SORCE XPS (0-40)

Rocket EVE (6-106)

NOAA SBUV (165-400)

TIMED XPS (0-40)

SOHO SEM
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XPS

Solution for WHI Reference Spectra

§ Spectral Intervals / Resolution

Å0.1-nm intervals on 0.05-nm centers

ÅNote that SIM instrument resolution (above 310 nm) is much less than 0.1-

nm

§ Selected Wavelength Intervals

ÅDid have to fill 113-116 nm (no measurements)

SORCE SOLSTICE (116-310) SORCE SIM (310-2400)Rocket EVE (6-105)

EGS (105-116)

0.1

nm

6

nm

27

nm

115

nm

200

nm

300

nm

1600

nm

2400

nm

DATA:  http://ihy2007.org/WHI/  and  http://lasp.colorado.edu/lisird/
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WHI Solar Irradiance ðFull Range 0 -2400 nm

First time to have

Solar Spectra Irradiance (SSI)

measurements covered 

from 0.1-2400 nm at same time

during solar minimum conditions.
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WHI Solar Irradiance: Rocket EVE & SEE
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WHI Solar Irradiance: Solar Variability

§ UV variability

Å1% at 200 nm   and  > 10% for l< 110 nm

ÅLower chromosphere (200 nm, Mg II 280 nm) similar to Planck function 

change in temperature by +5 K (green line)

§ NUV-Visible-NIR variability

ÅSunspot / Faculae ratio shown in panel (6)

ÅPhotosphere variability (sunspot darkening) similar to Planck function change 

in temperature by -0.2 K (green line)
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Comparison To ATLAS -3 Reference Spectrum

ï Thuillier et al. (2004) included ATLAS 3 reference spectrum near 

minimum

ïMay 1997 rocket measurement  for < 119 nm

ïMarch 1995 UARS and ATLAS-3 observations for > 119 nm

ï Expect SIRS Minimum / ATLAS-3 ratio to be less than 1 (ATLAS-3 

not at minimum)

ï Differences are mostly within instrument uncertainties (red)
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Comparison to XPS Level 4 (CHIANTI)

§ Differences by factors of 10 at high resolution

§ Much better agreement at 5-nm resolution (green)



TIMED SEE SEE Annual Report  Nov. 2008 - 34

Solar Irradiance Variability and 

Forecast Tools

Judith Lean

Naval Research Laboratory
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NRL Solar Spectral Irradiance Variability Models 

Å 2-component (2C) model (left) tracks 
SEE V9 short term changes but 
underestimates long term changeséé 
the  2C model was constructed by multiple 
regression scaling of SEE irradiances with 
Mg and F10.7 using rotational modulation only 
(i.e., excluding long-term trends which are 
less reliable).

§ 3-component (3C) model (right) tracks 
SEE  V9 during both rotational 
modulation and the solar cycle é..                        
the 3C model was constructed by multiple 
regression scaling of SEE irradiances with 
Mg, MgAV and F10.7 using SEE V9 time series 
(i.e., including long-term trends).

§ NRLEUV model (center) significantly 
underestimates both rotational 
modulation and long term trends at EUV 
wavelengths longer than 50 nmé..  
NRLEUV was constructed from differential 
emission measures and active region areas in 
CaK images during solar cycle 22, extended 
to cycle 23 using Mg. MgAV and F10.7 proxies

2C Model NRLEUV Model 3C Model

Are part of the long-term trends in SEE V9 irradiances instrumental? 

- V10 will include rocket calibration and other improvements

- onset of cycle 24 will aid in differentiating real solar versus instrumental trends
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Forecasting EUV Spectra with NRL 2C Model

§ 3rd order autoregressive 
algorithms developed to forecast 
both Mg and F10.7 enable
forecasts of EUV spectra 1 to 
10 days ahead, for input to 
geospace models.

§ Actual and forecast EUV spectra 
during current solar minimum 
are input to SAMI3 ionosphere 
model.

§ Comparisons of modeled and 
observed total electron content 
(TEC) responses to solar EUV 
irradiance changes during solar 
minimum have commenced.

actual

forecast
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New Mass Density Model Utilizes EUV Spectra 

Å Globally averaged total 
mass density from 200 to 
600 km

Å 1967-Present

Å Based on historical orbit 
data of ~5000 objects

Å Temporal resolution ~3 
days

Å Nearly continuous 
coverage

Å Drag-derived density 
variations are better 
represented by EUV model 
flux than by F10.7 index

John Emmert, NRL, is incorporating EUV modeled spectra from 1950 to 2007 in 

a new density specification model, based on drag-derived densities.
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SEE EUV Observations and TEC Variations

Comment on "Oscillations of global mean TEC" by Hocke

J. T. Emmert, J. L. Lean, J. M. Picone
Submitted to JGR, 2008

Earth's global mean total electron content (TEC), Hocke [2008] concludes that Chapman 

theory cannot explain the observed response of TEC to solar extreme ultraviolet (EUV) 

irradiance variations during solar cycle 23, and that other processes significantly amplify the 

response, with amplification factors that depend on the period of the variation.

Several of the principal conclusions of Hocke 

[2008] are incorrect, and many aspects of the 

analysis are seriously flawed, because the Mg II 

index was used in its native units as an absolute, 

rather than a relative, index of solar EUV 

irradiance variations.

According to the SEE measurements, total EUV 

energy ranges from 2.844 to 7.188 mW per m2, so 

that (EUVmaxïEUVmin) /(EUVmax+EUVmin) = 

43%, a factor of 10 larger than the variational 

amplitude in Mg of approximately (Mgmaxï

Mgmin) / (Mgmax+Mgmin) = 4%.
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Solar Irradiance Platform:
Improvements using TIMED SEE Data

Kent Tobiska

SET Inc.
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SIP provides 

historical, 

nowcast, and 

operational 

forecast XUV -UV 

variability in 

several spectral 

and proxy formats 

using the IDL 

Virtual Machine 

that runs on any 

platform
http://spacewx.com

Models: Solar Irradiance Platform

From Kent Tobiska

Solar2000 (S2K)     SolarFlare (SFLR)

http://spacewx.com
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EUV and XUV spectral irradiances 

are generated with 1 -minute and 0.1 

nm resolution every 4 minutes 
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S2K v2.34 soft X -rays & SEE v9: 1.6 nm

From Kent Tobiska
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S2K v2.34 EUV & SEE v9: 30.4 nm

From Kent Tobiska
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S2K v2.34 correlation coefs

From Kent Tobiska

S2K correlates very well with SEE solar irradiance measurements
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FAST Photoelectrons:
Relationship to Solar EUV Irradiance

Bill Peterson

LASP / CU
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FAST Photoelectrons and Solar EUV

Photoelectrons from the spacecraft 

have pitch angles near 90o.

Photoelectrons from the ionosphere 

Are field aligned and  in the ñsource coneò
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FAST Solar Minimum Observations

Filtered

data 

corrected 

for the 

spacecraft 

potential

March 3 through April 17, 2008    The Rocket Calibration was on April14
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FAST Observation -Model / Model

OBS-Ave/Ave

FLIP-FISM

FLIP-HEUVAC

FLIP-Rocket

FLIP-SEE(mod)

GLOW-SEE

GLOW-EUVAC

We focus on 

April 14, the 

day of the 

rocket 

calibration 

flight
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FAST April 14, 2008 Observations

Average spectra from 51 

one-minute intervals taken

during the day.

Both plots have the same data

Above vs. Energy (eV)

Right vs. Wavelength (nm)

Glow spectra 

multiplied by 2p
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FAST April 14, 2008 Calibration

RelativeDifference = 

(FAST PE observations - Model) / Model

Two issues:

1) Absolute and

2) Relative

agreement

FLIP driven by the 

rocket spectra has the 

best overall agreement 

with data
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Nitric Oxide and 

the Solar Soft X -ray Irradiance

Scott M. Bailey 

Justin Yonker

Virginia Tech
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Production of Nitric Oxide

NO is primarily created through the reaction of excited atomic nitrogen with 
molecular oxygen:

N( 2D) + O 2 Ÿ NO + O 

A major source of excited atomic nitrogen is energetic electron impact with 
molecular nitrogen:

e* + N 2 Ÿ N( 2D) + N + e*

Destruction of Nitric Oxide

NO is primarily destroyed through the reaction with ground state atomic nitrogen:
NO + N( 4S) Ÿ N2 + O 

NO is also destroyed through photodissociation:
NO + h n Ÿ N( 4S) + O

Note that this reaction is doubly effective since it creates a ground state N atom 
which can also destroy NO.

The effective lifetime of an NO molecule is about 1 day under sunlit conditions.

Photochemistry for Nitric Oxide (NO):
Abundance of NO is Very Sensitive to Solar 2-7 nm Irradiance
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Comparison of SNOE and SEE 0 ς7nm Irradiance as of 2005

Average of F107 and 81day average F10.7
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Comparison of SNOE and SEE 0 ς7nm Irradiance Today
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Comparison of SNOE and SEE 0 ς7nm Irradiance Today
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A one - dimensional chemical model reproduced observed equatorial altitude profiles

Model Incorporates:
Å Solar soft X- ray irradiance, l< 20 nm, measured by SNOE
Å Relevant photochemistry, 35 reactions
Å Vertical diffusion
Å MSIS neutral atmosphere, GLOW energetic electron transport code

SNOE Observations
Model Predictions

March 1998 September 2000

Modeling Equatorial NO Agrees Well with SNOE NO Measurements
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Parameterization of Solar EUV 

Processes for Global Models

Stan Solomon

Liying Qian

High Altitude Observatory

National Center for Atmospheric Research
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Altitude Dependence of Solar Energy Deposition
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Solar Spectrum and Atmospheric Cross -Sections

O
O2

N2
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Photoionization and Photodissociation Rates
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Ionization by Photoelectrons
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Wavelength -Dependant Photoelectron Ionization Factors


