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. T TSI = Total Solar Irradiance
Project Description  ss| = Solar Spectral Irradiance

Extend, advance, improve instrument TSI and SSI records

- assess absolute accuracies and instrument stabilities with time

- cross calibrate independent measurements What are TSI

- construct composite TSI (& SSI?) record & SS/ changes

- seek consistency among measurements and models [Of climate
time scales?

Extend, advance and improve models of TSI & SSIE
variability

- facular brightening functions (from ground- and space based data)

- sunspot darkening functions (from ground- and space based data)

- historical solar irradiance reconstructions using solar activity indices

Utilize TSI & SSI in studies of climate change and short-

and long-term solar and climate processes

- provide records to scientific community for climate attribution studies

- assess Sun’s role in present, past and future climate and atmospheric
change




Project Description

CDR(s) Period of Spatial Time Step Uncertainty Collateral
(Validated Record Resolution; Estimates Products

Outputs) Projection (in percent (unofficial
information or error) and/or
unvalidated)

Total Solar 1978 - N/A SORCE: ASCIl  Raw satellite 0.01-0.035% N/A

. and IDL sensor
Irradiance present save, and telemetry data;

HDFS5. composites

Solar 2002- N/A Similar data from individual  (.2-1% N/A

formats are sensor level 3
SpecFraI present planned for irradiance data.
Irradiance TSIS. LASP TSI: ERB,
can produce ACRIM-I,11,&lI,
in NetCDF if ERBS, SOVA,
needed. VIRGO, and TIM
SSI: SIM,
SOLSPEC,
SCIAMACHY

TSI & SSI reconstructions
Decadal climate forecasts

Solar Irradiance CDR Development Team maintains several of the duties of the
former NPOESS Operations and Algorithms Team (OAT)
Ensures effective and technically robust utility of solar irradiance CDRs
- Collaborate with user community and other CDR Teams
Ensures data stewardship of TSI and SSI through:
Develop TSIS Algorithm Theoretical Basis Document
Develop CDR from current and heritage satellite instruments

Construct irradiance composites for user applications
Develop related solar irradiance products & algorithms for community application

Rapid and reliable generation of Solar Irradiance CDRs following TSIS launch




Production Approach:

Total Solar Irradlance Measurements

Current, heritage and

future satellite

. _ACR-’MSAT instruments including
V]RGO/SOHO TIM on SORCE, TCTE, and

1367 ? TIMand SIM on TsIS

TSIS/TIM
0.01% accuracy
0.001%/yr precision

11361 o/
Kopp & Lean, GRL, 2011

1990 1995 2000 2005 2010

YEAR
1S, instruments are absolute sensors..
ndividual components of the measurement

equation are calibrated and uncertainties
quantified; onboard calibration tracking

\IST-traceable end-to-end calibration, validatio
, TSI Radiometer Facility (TRF)
. Spectral Radiometer Facility (SRF) at LASP




Production Approach: Total Solar Irradiance
Composite and Model

|
Total Irradiance Composite
Sunspots
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2003. 70 2003.75 2003.80 2003.85 2003.90

1980 1985 1990 1995 2000 2005 2010

] Long-term trend (2003-2010) in Model/TIM
o  fogular ratios is 0.0003% (3 ppm ) per year— which is
' w m T T 1 within the SORCE TIM long-term repeatability
*“ iy O Akl ™ AT W of 10 ppm per year: differences are larger on
" J‘Mw ﬂm\, T wllﬁ " M shorter time scales

§ il

'«/WI‘W‘ . il NOAA Report:

Hl

“ M |’ dorkening Uncertainties Spanning Potential
a . . SORCE/TIM to JPSS/TIM Gap

L Irradiance Variability Components G. Kopp & J Lean, Sept 2011




Production Approach: Solar Spectral
Irradlance Measurements and Models
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individual measurements

are offset-adjusted sunspot influences

NRLSSI model of faculae and

SSI are less accurate and
less repeatable than TSI

- wavelength dependence

- reduced signal

- more optical elements

- fewer observations, minimal overlap

Compared with NRLSSI model SORCE/SIM
solar cycle variations are:

<€——- in-phase and larger at UV wavelengths
- out-of-phase and larger at VIS wavelengths

IPCC AR5 GCMs are using

NRLSSI (with Wang, Lean,
Sheeley, 2005 background)

Paper in Progress with Gerard
Thuillier (CNES):

Analyses of Different Solar Spectral
Irradiance Reconstructions for
Atmospheric and Climate Modeling




Quality Assurance: Compare
Measurements and Models

Multi—year Variability: MayO4 — Aug08
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Wavelength (nm) Wavelength (nm)
SIM data disagree with NRLSSI during 11-year solar cycle
BUT agree with NRLSSI dur/ng 27-day Solar rotation at both

30.15
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10.05
44 0.00
1-0.05
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PREY:
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12.73E
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—SORCE SIM trend——O 0218 Wm
|
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w—o— SIM
— Lean (2000)x0.9900
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1000 -1600 nm
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Lean and DelLand, J. Clim, (2012) identify instrumental
effects in SIM SSI from trends during solar minimum
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Production Approach: Linear Model of
Climate Change including Solar Irradiance
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b) Surface Temperature Components
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Solar Cycle

g

1980

1985 1990 1995 2000 2005

Lean and Rind GRL, 2008, 2009

... CRU temperature data, Univ. East Anglia, UK

NRL’s Linear Climate Model
(NRLLCM):

ENSO + volcanic aerosols +
solar activity + anthropogenic

effects explain 76% of observed
temperature variance

+0.1°C Solar cycle 23




Applications: Is Climate (Really, Still)

Changing? Why? (the media perspective)

Washington Post 8 Sept 2010 e

If climate skeptics win . . .

Stephen Stromberg’s Sept. 3 PostPartisan com-
& | mentary, “A downside to Murkowski’s exit,” hit the
: -|  nail on the head about a disturbing trend that has
‘1’. 0":| emerged this year among almost a dozen Repub-
- lican Senate candidates. These candidates are full-

30 March 2009

GTON PosT

¥

oo FeW ( £ 3 X fledged global-warming deniers. If they win, the

. ) number of card-carrying members of the Flat Earth

the WOﬂ( | X . . Society will rise exponentially in the world’s greatest
4 - deliberative body.

climats

Wisconsin candidate Ron Johnson said, “I think it

Nalinnal securilv Implicaﬁnns 0[ is far more likely it is just sunspots” rather than hu-

z man actions causing global warming. Nevada candi-
tllmale ulanue '0[ ll s "aval [0l'ces date Sharron Angle said, “I don’t ... buy into the

0 whole man-caused global warming. . . mantra of the
left.” Colorado candidate Ken Buck admitted, “I am
one of those people that Al Gore refers to as a skep-
tic,” and Missouri Rep. Roy Blunt said, “There isn’t
any real science to say we are altering the climate
path of the Earth.”

If candidates like these replace climate champi-
ons in November, we will feel more than just the loss
of a few elected officials. We will lose out. on a clean
energy future that creates jobs, increases our na-
tional security and protects the planet for future
generations.

e, the undersigned scientists,
Surface temperature changes
global warming for over a decade n(
no increase in damages from seve
change abjectly fail to explain rece
regarding climate change and the dj

GenE Kareinski, Washington
The writer is president of the League of Conservation
Voters.

‘ VVLI\:LA AV ArAs vammpe ~= —- - oo d
FONLIUE FESUMILIS CRABRA relatively stable for a decade and may
Funded by the 5 B even drop in the next few years.” That

was in the Times’s first paragraph.




Applications: Causes of Global Surface
Temperature Change, 1979-2011

ogf CRU Temperoture (Kopp and Lean, GRL, 2011)

0.6 ... CRU temperature data, Univ. East Anglia, UK
0.4

0.2 NRL’s Linear Climate Model
0.0 — observations (NRLLC]‘[):

— model: r=0.917 .
a2 SN I T T P P ENSO + volcanic aerosols +
1980 1985 1990 1995 2000 2005 2010 SOlal" aCtiVity + cmthropogenic

0.4 | effects explain 85% of observed
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05 (2 lags) ...update, improve, compare
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0.2 +0.1°C Solar cycle 23
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Applications: Surface Temperature
Responses Regional Response Patterns

19 K

(5°%5° |at-long) Lean, WIRE, 2011
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FOrCing Of SOlar Global waﬁﬁing lull down to China's coal
growth

Irradiance, ENSO .‘
and Aerosols

~

Hel

The lull in global warming from 1998 to 2008
was mainly caused by a sharp rise in
China's coal use, a study suggests.

“The new study (Kaufmann et al,
PNAS, 201 1) ShOWS that Wh lle The absence of a temperature rise over that

decade is often used by "climate sceptics" as

greenhouse gaS emISSIOI’IS Ccon tll’l ued glroo;;dsaf:)l;lcli\ognqu the existence of man-made
to rlsel thelr Warmlng effeCt on the But the new study, in Proceedings of the

climate was offset by the cooling Inet smo rom the exira cosl acted 1o mask
produced by the rise in sulphur reenhouse arming

. 7 China's coal use doubled 2002-2007, according &
pOllu tlon . to US government figures. \

http.//environmentalresearchweb.org/ Although burning the coal produced more

warming carbon dioxide, it also put more tiny
sulphate aerosol particles into the atmosphere

. . 5 . -~ - : ’ _ .
Dld Chlna S Coal burnlng which cool the planet by reflecting solar energy back into space. Related Stories
The researchers conclude that declining solar activity over the period and
REALLY Offset glObal an overall change from EI Nino to La Nina conditions in the Pacific Ocean Solar predictions bring

. . also contributed to the temperature plateau. heat and light
warming in the past decade?
- Lead researcher Robert Kaufmann from Boston University, whose climate issue

N research interests span climate change and world oil markets, said the Climate science. from
O study was inspired by "sceptical" questioning. Bali to Copenhagen



/. Solar UV, Applications: Stratospheric
. . "radiation €reates
. the 0zong layer Temperature and Ozone
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Applications: Climate, The Next 10 Years

Smith et al., Science, 2007
... climate will continue to warm, with at least
SPACE TECH HEALTH LIFE PHYSICSSMEN KR GERCETCIEVi (T @r 1 [)l Hol{=Yo [T (-To i o)

' exceed the warmest year currently on
record.....AT=0.3°C from 2004-2014

Home News In-Depth Articles Blog Opinion Video Topic Guides

Home vironment In-Depth Articles

13 August 2 ael Le Page
Magazine issue 2669. Subscribe and get 4 free issues.
For similar stories, visit the Climate Change Topic Guide

Keenlyside et al., Nature, 2008

....global surface temperature may not
increase over the next decade, as natural
climate variations in the North Atlantic and
WHAT's going to happen to the climate over the next 10 years or so? Is it time [R{geJoJ{ex-1 W F=Ted} {Te (=T3 0] oYo) £ Ty 1\ o] § L1 A {g I

to buy that air conditioner you considered during the last heatwave? Should you projected anthropogenic warming.
rip up your garden and replant it with drought-resistant plants, or can you R
expect more rain - perhaps even floods - in your part of world? The other
possibility, of course, is that your local climate will change little in the near
future.

27 Tt

On the one h n the
other we ns
in the migldle? Why don't we have forecasts for, say, 2010 or 20187 Knowihg
how temp

invaluable to m ople, from farmers to the tourism indust
charge of our water supplies. ' ) Nk predicting how the
climate will change over the next few years would be a lot easier than saying
what it will be like in 2030 or 2050, it's actually harder.

2 more image
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Applications: How — and Why - will

Climate Change?

Assuming Past is Prologue.... future near-term climate change will vary
because of both natural and anthropogenic influences

a) Global Surfoce Temperature

— CRU observations
— model;: r=0.88

o o
o o

-0.2
1980 1990 2000 2010

b) Surface Temperature Components
0.5
0.4

0.3 A -
0.2[ \//*”w' pap
0.1
0.0
0.8
0.6
0.4

Solar Irradionce
0.0 '

1990 2000 2010 2020 2030

Volcanic Aerosols

ENSO, Volcanic, Solar and Anthropogenic_Influences
2014 (1951-1980) GLOBAL AT=0.47°C

—

__GLOBAL AT=O.91C

L

There will be both warming
and cooling in the next few
decades




Applications: Near-Term Annual Mean

Surface Temperature Forecasts

Courtesy of Ed Hawkins,
University of Reading......

Modeled and statistical projections using
specified GHG scenario (RCP4.5)

CMIPS ... Coupled Model
Intercomparison Project

- 20 international climate modeling groups

Decadal Climate Forecasting Exchange
Surface Temperature Projections for 2013

Temperature anomaly

Global Mean Temperature Near-Term Projections (RCP4.5)

CMIP5 min-max range

CMIP5 16 range .
- = = ASK constrained projections (5-95%) P
—— Lean & Rind (2009, updated) NRLLCM _ = = =~
—— Observations R

Decadal means
1990 2000 2010 2020 2030 2040 2050
Year

Courtesy of Douglas Smith and Adam Scaife, UK Met Office

IPCC AR4 : 2013

Assurance:
Comparison with

future observation

Schedule:
Ongoing !l ?27?




Applications:

Future Lower Stratospheric Changes
Temperature at 19 km
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The SunTrooper Sun Protection Blog

The UPF50 Swimwear sun protection blog

HOME MEDIA

N :

Sun Trooper

KIDS SWIMWEAR SHOP SUN PROTECTION VIDEOS

N uv 50+ protection s

TAG ARCHIVES: UV

How Ozone Depletion Affects UV Levels.

How Ozone Depletion Affects
UV Levels

Scientists predict that ozone depletion shoul|
peak around year 2010. As world-wide
controls reduce the release of CFCs and othe]
ozone-eating substances, nature will repair
the ozone layer. By year 2065 stratospheric
ozone should return to the amount present i
1980. Until then, we can expect higher levels|

of UV radiation at the Earth’s surface. We

need to take care to avoid the bad health
effects that could result from too much UV

radiation

What Is Stratospheric Ozone?

Ozone is a natural gas that is found in two different layers of the atmosphere. One layer|

called the troposphere, is at the Earth's surface where we live. Ozone in the tropospher

is “bad” because it dirties the air and helps make smog, which is unhealthful to breathe.

The other layer, called the stratosphere, is miles above the Earth’s surface. Ozone in thd

stratosphere
harmful UVr

g00d” because it protects life on Earth by absorbing some of the sun’s

ys. Stratospheric ozone is found most often between six and 30 miles

above the Earth’s surface.

click on logos

WMO UV Index Pages

Argentina's National Commission on Space Activities offers UV index ley

GCo
2gOV.
-

0lrs Ci

= .
Argentina || cities in Argentina as well as some cities in other South American counti
a accompanying information is in Spanish.
?/’?\\\\y/ Australia Daily UV Index for Australia as a color map supplied by the Australian B
& Meteorology. This site is updated daily
Australia Australia's Atmospheric Watch offers maps of monthly mean UV levels f
cloudy conditions as well as daily UV levels for select cities in Australia.
U = e 3 > i
3 Austria Clear sky UV Index estimates for Austria and the entire world, updated d
~ » ~ ~ Fa o by the University of Veterinary Medicine, Vienna.
0 0 1Lel;
-t
Canada Canada's site on UV radiation offers the latest UV predictions as well as
ap general interest on UV. This site is offered in both French and English.
HOME > Stratosphere Home > Stratosphere UV Index > Current UV Index Forecast Map
Denmark UV Index and ozone information for the general public. Forecast of UV Ir
parts of Denmark, updated daily. This site is currently in Danish only.
Ozone and UV Index and information for the general public including rece
Finland || measurements as well as UV Index forecasts. This site is updated daily.
W W accompanying text is in Finnish.
The UV index is provided daily by the The Deutscher Wetterdienst and B
Germany || Strahlenschutz. This site also provides monthly mean levels for select ¢
world.
7
[J‘ INDEX UV-INDEX Germany || Daily UV index for Central and Westem Europe and additional UV inform:
VALID MAR 22 2012
During the Solar Noon Hour
New Daily UV Index and ozone maps and data, as well as historical records.
Zealand supplied by New Zealand's National Institute of Water and Atmospheric F
updated daily.
5 - Sweden Daily UV Index for Sweden for different parts of the country supplied by t
5 4 Meteorological Service. This site is updated daily.
5
@ ) 67— 6
~ A 5 6 7] UK These Met Office forecasts include the effects of: the position of the sur
7 7 _ 5 4 cloud cover; ozone amounts in the stratosphere.
[
7 | 4
- NOAA's UV Index page offers daily maps of the UV index as well as maj
us
‘ 5 6 D levels and past levels.
2 3
L_-, us Daily UV Index for U.S. cities in text format supplied by the National We:
7 5 site is updated daily.
us Daily UV Index for the U.S. as a color map supplied by the National Wea
site is updated daily.
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012 §910 >11
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Solar Irradiance, Climate Impact:
Summary

® Longer, continuous high precision records of TSI and SSI are
crucial on climate time scales

- long-term trends not yet detectable from instrumental instabilities in observations

Natural influences, including solar irradiance, alter Earth’s surface
temperature, atmosphere and ozone

- evident in recent past and in future decades, superimposed on warming trend

Decadal climate projection is an emerging crucial capability
- needs solar irradiance inputs; needs accurate and precise climate models

- ongoing evaluation, improvement, revised projection ...UKMO “Decadal Exchange”

Work in Progress with David Rind using GISS Middle Atmosphere General Circulation Climate Model3:
What difference does the new lower TSI values make in general circulation model climate simulations?

Climate models are “calibrated” to ensure that net radiation at the top of the atmosphere is small: Model 3
achieves this by adjusting its paramaterization of cloud formation.




Climate Data Records for
Total and Spectral Solar Irradiance:

Schedule

- Extend and improve the long-term TSI records ﬁ
- TSI gap mitigation B:‘___.,_.i:,j%'n“ﬁig}juf,.aa,,.l\~.; ,K

LA "
5 2 5 ‘.\“*}I"JL'J; ‘J'“’“ﬁr'_-[\l'vh}l\\,nhhl \,-”.\/ 1 1
- SS1 validation and improvements g, |

L3 ! Jrt-w.mw;\:::::ljwJM]Mﬂ'Wm-lm'i'ww\.“'"vW:fl”‘"';

Extend and improve the long-term SSI records [ VR To AT
SSI validation and improvements i

Ongoing reanalysis of SORCE SIM & SOLSTICE SSI

New degradation models for SORCE SIM & SOLSTICE B ot E 0N 10

SSI workshop 13 September, Annapolis, MD. degradation correction in the

A/B transfer is now believed
Assess, validate, improve decadal climate forecasts | to have produced the

- improve TSI and SSI and climate model inputs s aidiion ag

! 3 : o e, some wavelengths in the MUV
- improve climate model capabilities & application to data, SNS Jan 2012
assessments, vulnerabilities, users

Complete and Review TSIS ATBD







Production Approach

= Converting from Instrument signal to irradiance follows a

“Measurement Equation Approach”
7) (A ) <:: ESR detected power

pR—

_ ESR
G = A fa T ¢ -SAA)dA Measurement
ﬁslit f A A A )7 s tu f 2
- equation ror
Aperture ﬁ ZT . {} the SIM
area instrument ]
ESR slit function instrument
Absorptance diffraction

prism
transmission

= Measurement and characterization/calibration of all terms

on the right-hand-size of equation are performed

= shutter waveform factor, entrance aperture/slit, bolometer absorption,
equivalence ratio, loop gain, diffraction correction, prism transmission, exit
slits, instrument function convolution, photodiode radiant responsivity...




Production Approach:
Determining Accuracy and Precision

= The TSIS instruments are characterized to be absolute
Sensors.

= Each term in the measurement equation is calibrated and
the overall measurement uncertainty is a root sum square
error of the individual uncertainties.

» End-to-end validation:

= The TSI Radiometer Facility (TRF) and Spectral Radiometer Facility
(SRF) at LASP tie irradiance comparisons to a NIST L-1reference
cryogenic radiometer at power levels typlcal of the Sun and under
flight-like vacuum conditions | '

A NIST-calibrated cryogenic radiometer
(foreground) accurately measures input light at
solar power levels in the TRF. Instruments are
tested in the vacuum chamber enclosed by the

__ clean tent toward the rear.

23




Production Approach:
Calibration and Verification

= Both TIM and SIM trace their calibrations to the
standard Watt.

= All elements of TIM and SIM instrument equations
are calibrated at either the component or
instrument level.

= End-to-end verification of TIM via the TSI Radiation
Facility (TRF)

- Kopp, MO3.1/27102: Total Solar Irradiance Measurements
from the Total Irradiance Monitor

* End-to-end verification of the SIM instrument using
the NIST Spectral Irradiance and Radiance
Responsivity Calibrations using Uniform Sources
(SIRCUS) facility

2




TSIS TIM Uncertainty Bud

get

Eotal RSS

Correction Origin Value [PPM] | 10 [PPM]
Distance to Sun, Earth & S/C 33,537 0.1
Doppler Velocity 57 0.7
Shutter Waveform Component 100 1.0
Aperture Component 1,000,000 28
Diffraction Component 452 46
Cone Reflectance Component 182 35
Non-Equivalence, ZH/ZR-1 Instrument 782 43
Servo Gain Instrument 2,115 0.0
Standard Volt +DAC Component 1,000,000 15
Pulse Width Linearity Component 800 3
Standard Ohm + Leads Component 1,000,000 25
Dark Signal Instrument 1,645 14
Pointing 100 10
Measurement Repeatability (Noise) Instrument - 4
Uncertainty due to Sampling - 12
85.5

25 @




TSIS SIM Uncertainty Bud

Instrument uncertainties determined at the component level --> charactenz gon of error budget

Instrument-LevelComponent-Level S/C

N
(o))

Measurement Correction Origin Value (ppm) | 10 (ppm) | Status O Complete
Distance to Sun, Earth & S/C Analysis 33,537 0.1 Q) In-progress
Doppler Velocity Analysis 43 1 =

Pointing Analysis 0 100 %

Shutter Waveform Component 100 10 O %

Slit Area Component 1,000,000 300 QO %

Diffraction Component 5,000-62,000 500 O « '?

Prism Transmittance Component 230,000-450,000 1,000 O « ;
ESR Efficiency Component 1,000,000 1,000 O « a
Standard Volit + DAC Component 1,000,000 50 O 7))

Pulse Width Linearity Component 0 50 QO -g
Standard Ohm + Leads Component 1,000,000 50 O E
Instrument Function Area Instrument 1,000,000 1,000 O ‘ ‘lg
Wavelength (AMA = 150 ppm) Instrument 1,000,000 750 O « 8
Non-Equivalence, Z,,/Z.-1 Instrument 2,000 100 O -

Servo Gain Instrument 2,000 100 O E
Dark Signal Instrument 0 100 O %
Scattered Light Instrument 0 200 Q .E
Nkoise Instrument - 100 Q §
Gg@mbined Rel. Std. Uncertainty 2000 Q




QA Approach: Long Term Stability Requirement Met
Through On-Orbit Degradation Correction

Fractional degradation vs. wavelength

On-orbit interchannel transmission comparisons
track wavelength and exposure time dependent

transmission loss

T(At—t)=T(At)e "™
(A1) = k(L) - c(t)

K(\) evaluated by periodic ESR
measurements between separate channels

Fractional degradation

The degradation correction determined using the Channel

A to Channel B ratio data measured twice per month

The Channel A to Channel C comparison (~1 per year)
verifies the degradation correction

Channel Cis to be used infrequently enough so that it can

be considered “pristine” (less than 0.01%/year of degra-

dation)

We must be able to measure trends < 0.01% (0.05%) / year

in this Channel A to Channel C ratio data for Vis/IR (UV)

This puts a limit on the spectra to spectra repeatability
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Schedule: Status of TSIS ATBD

Q Complete  _ In progress
* Out for Internal Review.

Introduction

Overview and Background Information
Instrument Design

Algorithm Description

Calibration and Characterization

Degradation Correction & Uncertainty Estimates
Validation

Data Product Requirements and Description
Production of Science Data




