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Project Description, Production (& QA) 
   - solar total and spectral irradiance variations 

 - global and regional climate response patterns 

Applications, Schedule – Decadal Climate Forecasts 
 - projected solar and anthropogenic variations 
 - near term surface & atmosphere temperature, ozone projections 

NOAA CDR Team Meeting, Asheville, 31 July- 2 Aug 2012 
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Extend, advance, improve instrument TSI and SSI records 
-  assess absolute accuracies and instrument stabilities with time 
-  cross calibrate independent measurements  
-  construct composite TSI (& SSI?) record  
-  seek consistency among measurements and models 

Extend, advance and improve models of TSI & SSI 
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 

What are TSI 
& SSI changes 
on climate 
time scales? 

TSI = Total Solar Irradiance 
SSI = Solar Spectral Irradiance 



Project Description 
CDR(s) 
(Validated 
Outputs) 

Period of 
Record 

Spatial 
Resolution; 
Projection 
information 

Time Step  Data 
format 

Inputs Uncertainty 
Estimates 
(in percent 
or error) 

Collateral 
Products 
(unofficial 
and/or 
unvalidated) 

Total Solar 
Irradiance 

Solar 
Spectral 
Irradiance 

1978 – 
present 

2002-
present 

N/A 

N/A 

1 day 

1 day 

SORCE: ASCII 
and IDL 
save, and 
HDF5. 
Similar data 
formats are 
planned for 
TSIS.  LASP 
can produce 
in NetCDF if 
needed. 

Raw satellite 
sensor 
telemetry data; 
composites 
from individual 
sensor level 3 
irradiance data.  
TSI: ERB, 
ACRIM-I,II,&III, 
ERBS, SOVA, 
VIRGO, and TIM 
SSI: SIM, 
SOLSPEC, 
SCIAMACHY  

0.01-0.035% 

0.2-1% 

N/A 

N/A 

  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 
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0.1% 

SORCE	
  	
  

1367 ? 

1361 ✔ 
Kopp & Lean, GRL, 2011 

Current, heritage and 
future satellite 
instruments including 
TIM on SORCE, TCTE, and 
TIM and SIM on TSIS 

TSIS/TIM  
0.01% accuracy 
0.001%/yr precision 

       TSIS instruments are absolute sensors… 
       individual components of the measurement 

 equation are calibrated and uncertainties  
            quantified; onboard calibration tracking 

NIST-traceable end-to-end calibration, validation… 
      TSI Radiometer Facility (TRF) 
       Spectral Radiometer Facility (SRF) at LASP 

    



Long-term trend (2003-2010) in Model/TIM 
ratios is 0.0003% (3 ppm ) per year– which is 
within the SORCE TIM long-term repeatability 
of 10 ppm per year: differences are larger on 
shorter time scales 

Kopp & Lean,  
GRL, 2011 

Production Approach: Total Solar Irradiance 
Composite and  Model 



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 

-  wavelength dependence 
-  reduced signal 
-  more optical elements 
-  fewer observations, minimal overlap 

Production Approach: Solar Spectral 
Irradiance Measurements and Models 

NRLSSI	
  model	
  of	
  faculae	
  and	
  
sunspot	
  in8luences	
  

individual	
  measurements	
  
are	
  offset-­adjusted	
  	
  

SSI are less accurate and 
less repeatable than TSI 

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 

17 OCT 03 30 OCT 03 

BUT agree with NRLSSI during 27-day solar rotation at both 
SIM data disagree with NRLSSI during 11-year solar cycle 

Wavelength (nm) Wavelength (nm) 

SOLAR 
MAX 

SOLAR 
MIN 

and 
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+0.2oC  1997-98 “super” ENSO 

-0.3oC  Pinatubo Volcano 

+0.1oC  Solar cycle 23 
+0.4oC  Anthropogenic effects 

 1980-2006 

… CRU temperature data, Univ. East Anglia, UK 

Production Approach: Linear Model of 
Climate Change including Solar Irradiance	
  

(Lean	
  and	
  Rind,	
  GRL,	
  2009) Lean	
  and	
  Rind	
  GRL,	
  2008,	
  2009 

NRL’s Linear Climate Model 
(NRLLCM):   
ENSO + volcanic aerosols + 
solar activity + anthropogenic 
effects explain 76% of observed 
temperature variance  



The Post recently reported the theo-

ry of a University of Virginia professor

emeritus who thinks that, many mil-

lennia ago, primitive agriculture *
burning forests, creating methane-

emitting rice paddies, etc. - Pro-
duced enough greenhouse gases to
warm the planet at least a degree. The

theory is interesting. Even more inter-
esting is the reaction to it by people

such as the Columbia University pro-

fessor who says it makes him "really
upset" because it might encourage op-

ponents of legislation combating glob-

al warming.
Warnings about cataclysmic warm-

ing increase in stridency as evidence of
warming becomes more elusive. A re-

cent report from the United Nations
Environment Program predicts an

enormous 6.3 degrees Fahrenheit in-

crease by the end of the century etten if
nations fulfill their most arnbitious
pledges concerning reduction of car-

bon emissions. The U.S. goal is an 80

percent reduction by 2050. But Steven

Hayward of the American Bnterprise
Institute says that would require re-

ducing gteenhouse gas emissions to
the 1910 level. On a per capita basis, it
would mean emissions approximately
equal to those in 1875.

That will not happen. So, we are

doomed. So, whytry?
America needs a national commis-

sion appointed to assess the evidence

about climate change. Alarmists will
fight this because the first casualty

would be the carefully cultivated and

media-reinforced myth of consensus

- the bald assertion that no reputable
scientist doubts the gravity of the cri-

sis, doubts being conclusive evidence

of disreputable motives or intellectual
qualifications. The president, how-

ever, could support such a commission

because he is sure "there's finally
widespread recognition of the urgency

of the challenge before us." So he an-

nounced last week at thq U.N. climate

change summit, where'he said the

threat is so "serious" and "urgent" that
unless all nations act "boldly, swiftly
and together" - "time ... is running
out" - we risk "irreversible catastro-

phe." Prince Charles agrees. In March,

seven months ago, he said humanitY
had 100 months - until July 2017 -to prevent "catastroPhic climate

change and the unimaginable horrors
that this would bring." Evidently hu-

manity will prevent this.
Charles Moore of the SPectator

notes that in July, the prince said that
by 2050 the planet will be imperiled by

the existence of 9 billion PeoPle, a

large portion of them consuming as

much as Western people now do. Envi-

ronmental Cassandras must be careful

with their predictions lest they com-

mit what climate alarmists consider

the unpardonable faux pas of denying

that the world is coming to an end.

TuunsLrY, Ocrosnn r,2oo9 A19

GEORGE F. WILL

Coolins

Down the

Cassandras
Plat eau in TemP erature s

Adds Dfficultg to Task

Of Reaching a Solution

- New York Times, SePt.23

In this headline on 
'a New York

Times story about the difficulties con-

frontins people alarmed about global

warmin-g, noie the word "plateau'" It
dismisses the unPleasant - to some

oeoole - fact that global warming is

maddeningly (to the same PeoPle)

slow to vindicate their apocalyptic

warnings about it.
The 

-"difficulty" 
- the "intricate

challenge," the Times says - is "build-

ing rnoirentum" for carbon reduction

"wlen global temperatures have been

relatively stable for a decade and may

even drop in the next few years'"- That

was in the Times's first paragraph'

In the fifth paraglaph, a "few years"

became "the next decade or so,'ac-

cording to Mojib Latif., a German

"prize-irinning climate and ocean sci

"nti.t" 
*ho cimpaigns constantly to

oromote policiet combating global

warming. Actually, Latif has said he

""ti.ip"i.. 
;'tt"vr.i even two"lecades

in which temperatures cool. But stay

with the Times's "decade or so." By as-

serting that the absence of significant

*ar*itg since 1998 is a mere "Pla-

teau," iot warmingis aPogee, the

Times assures readers who are

alarmed about climate change that the

paper knows the future and that warm-

ini *itt continue: Do not despair, bad

news will resume'

The Times rePorted that "scien-

tists" - all of them? - saY the 11

years of temperature stability has 
ono

Learing," none, on long-term warming'

Some scientists say "cool stretches are

inevitable." Others say there may be

$owth of Arctic sea ice,. but 
-the

irowth will be "temporary." According

io the Times, however, "scientists" say

that "trying to communicate such sci-

entific nuances to the public - and to

oolicvmakers - can be frustrating"'
^ 

The Times says "a short-term trend

eives ammunition to skeptics of cli-

irate change." Actually, what makes

skeptics skiptical is the accumulating

evidence that theories predicting ca-

tastrophe from man-made climate

change are impervious to evidence'

The t-heories ari unfalsifiable, at least

in the "short run." And the "short run"

is defined as however manY decades

must pass until the evidence begins to

fit the hypotheses.

ge o rgewill@w ashP o st. c ont
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Washington Post  
30 March 2009, 1 October 2009 

Funded by the CATO Institute 

Washington Post 8 Sept 2010 

Applications: Is Climate (Really, Still) 
Changing?  Why? (the media perspective) 
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+0.2oC  1997-98 “super” ENSO 
-0.3oC  Pinatubo Volcano 
+0.1oC  Solar cycle 23 
+0.4oC  Anthropogenic effects 

 1980-2006 

… CRU temperature data, Univ. East Anglia, UK 

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

(3 lags) 

(2 lags) 

(Lean	
  and	
  Rind,	
  GRL,	
  2009) (Kopp	
  and	
  Lean,	
  GRL,	
  2011) 

NRL’s Linear Climate Model 
(NRLLCM):   
ENSO + volcanic aerosols + 
solar activity + anthropogenic 
effects explain 85% of observed 
temperature variance                              QA  

…update, improve, compare 
…repeat, repeat, repeat 



Applications: Surface Temperature 
Responses Regional Response Patterns 

                         (5o×5o lat-long)         Lean, WIRE, 2011 



Applications: 
Relative Climate 
Forcing of Solar 
Irradiance, ENSO 
and Aerosols  

Did China’s coal burning 
REALLY offset global 

warming in the past decade? 
(No) 

“The	
  new	
  study	
  (Kaufmann	
  et	
  al.,	
  
PNAS,	
  2011)	
  shows	
  that	
  while	
  
greenhouse	
  gas	
  emissions	
  continued	
  
to	
  rise,	
  their	
  warming	
  effect	
  on	
  the	
  
climate	
  was	
  offset	
  by	
  the	
  cooling	
  
produced	
  by	
  the	
  rise	
  in	
  sulphur	
  
pollution.”  
http://environmentalresearchweb.org/ ΔF=0.24 Wm-2 

ΔF=0.13 Wm-2 

r=0.916 
r=0.912 



Applications: Stratospheric 
Temperature and Ozone 
Climatology 

Regression Model Analysis: 
Volcano:          
ΔT = +1.5oC   ΔO3 = -3 DU  
Solar cycle:    
ΔT = +0.3oC   ΔO3 = +6 DU  
Long-term Trend:  (1980 - 2010) 
ΔT = -0.7oC    ΔO3 = -5 DU 

Solar UV 
radiation creates 
the ozone layer 



Applications: Climate, The Next 10 Years 

agriculture, water, 
energy, ecosystems, 
health, security etc 
http://www.ncdc.noaa.gov/
cdr/public.html 

Improved Surface Temperature Prediction for 
the Coming Decade from a Global Climate 
Model 
Smith et al., Science, 2007 
… climate will continue to warm, with at least 
half of the years after 2009 predicted to 
exceed the warmest year currently on 
record…..ΔT=0.3oC from 2004-2014 

Advancing decadal-scale climate prediction in 
the North Atlantic sector 
Keenlyside et al., Nature, 2008 
….global surface temperature may not 
increase over the next decade, as natural 
climate variations in the North Atlantic and 
tropical Pacific temporarily offset the 
projected anthropogenic warming. 



Applications: How – and Why - will 
Climate Change? 

in the next few Decades? Assuming	
  Past	
  is	
  Prologue….	
  future	
  near-­term	
  climate	
  change	
  will	
  vary	
  
because	
  of	
  both	
  natural	
  and	
  anthropogenic	
  inKluences	
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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) 
CMIP5 …  Coupled Model 
Intercomparison Project 
- 20 international climate modeling groups 

Quality 
Assurance: 
Comparison with 
future observations 

Schedule: 
Ongoing !! ?? 



Applications:  
Future Lower Stratospheric Changes 

  Temperature at 19 km                             Total Ozone 



UV Index: 0-10+ 
The U.S. National Weather Service calculates UV Index using a computer model that relates the 
ground-level strength of solar ultraviolet (UV) radiation to forecasted stratospheric ozone 
concentration, forecasted cloud amounts, and elevation of the ground.  

Applications: UV Index  
Projected Decrease (!) 



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	
  

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	
  

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”	
  



Extend and improve the long-term TSI records 
- TSI gap mitigation 
-­	
  	
  SSI	
  validation	
  and	
  improvements 

Assess, validate, improve decadal climate forecasts 
	
  -­	
  improve	
  TSI	
  and	
  SSI	
  and	
  climate	
  model	
  inputs	
  
	
  -­	
  improve	
  climate	
  model	
  capabilities	
  &	
  application	
  to	
  
assessments,	
  vulnerabilities,	
  users 	
   

Extend and improve the long-term SSI records 
-­‐  SSI	
  validation	
  and	
  improvements	
  
-­‐  Ongoing	
  reanalysis	
  of	
  SORCE	
  SIM	
  &	
  SOLSTICE	
  SSI	
  
-­‐  New	
  degradation	
  models	
  for	
  SORCE	
  SIM	
  &	
  SOLSTICE	
  
-­‐  SSI	
  workshop	
  13	
  September,	
  Annapolis,	
  MD. 

Complete and Review TSIS ATBD  
 	
   

Climate Data Records for  
Total and Spectral Solar Irradiance:  

An	
  error	
  in	
  the	
  version	
  10	
  
degradation	
  correction	
  in	
  the	
  
A/B	
  transfer	
  is	
  now	
  believed	
  
to	
  have	
  produced	
  the	
  
unusually	
  large	
  variation	
  at	
  
some	
  wavelengths	
  in	
  the	
  MUV	
  
data.	
  SNS	
  Jan	
  2012	
  	
  

V10 

250 nm 
V11 





  Converting from Instrument signal to irradiance follows a 
“Measurement Equation Approach” 

  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 

!
"

!

! ! !

!
!

" # ! ! !
( )

( )

( , ) 
s

s

slit s
A T S d

!
$ $ $ $%

ESR

Aperture 
area 

ESR 
Absorptance 

prism 
transmission 

slit 
diffraction 

instrument 
function 

ESR detected power 

Measurement 
equation for 
the SIM 
instrument 



  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 typical of the Sun and under 
flight-like vacuum conditions 

Production Approach: 
Determining Accuracy and Precision 

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. 



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 



TSIS TIM Uncertainty Budget 
Correction Origin Value [PPM]  1σ [PPM] 
Distance to Sun, Earth & S/C Analysis 33,537 0.1 

Doppler Velocity Analysis 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 Analysis 100 10 

Measurement Repeatability (Noise) Instrument - 4 

Uncertainty due to Sampling Analysis - 12 

Total RSS 85.5 



Measurement Correction Origin Value (ppm) 1σ (ppm) Status 
Distance to Sun, Earth & S/C Analysis 33,537 0.1 

Doppler Velocity Analysis 43 1 

Pointing Analysis 0 100 

Shutter Waveform Component 100 10 

Slit Area Component 1,000,000 300 

     Diffraction Component 5,000-62,000 500 

Prism Transmittance Component 230,000-450,000 1,000 

ESR Efficiency Component 1,000,000 1,000 

Standard Volt + DAC Component 1,000,000 50 

     Pulse Width Linearity Component 0 50 

Standard Ohm + Leads Component 1,000,000 50 

Instrument Function Area Instrument 1,000,000 1,000 

Wavelength (Δλ/λ = 150 ppm) Instrument 1,000,000 750 

Non-Equivalence, ZH/ZR-1 Instrument 2,000 100 

Servo Gain Instrument 2,000 100 

Dark Signal Instrument 0 100 

Scattered Light Instrument 0 200 

Noise Instrument - 100 

Combined Rel. Std. Uncertainty 2000 
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Complete 

In-progress 

Instrument uncertainties determined at the component level --> characterization of error budget 
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TSIS SIM Uncertainty Budget 



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



Schedule: Status of TSIS ATBD 

Complete In progress 

* Out for Internal Review. 

* 

* 

* 

* 


