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Spectral	
  Coverage	
  and	
  Resolu/on	
  Comparison	
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CrIS	
  Radiometric	
  Uncertainty	
  Specifica/on	
  

•  CrIS	
  Radiometric	
  Uncertainty	
  specifica/on	
  
	
  (circa	
  1990)	
  is	
  primarily	
  driven	
  by	
  NWP	
  	
  
	
  applica;ons.	
  	
  Expressed	
  as	
  1-­‐sigma	
  percent	
  	
  
	
  radiance	
  uncertainty	
  with	
  respect	
  to	
  	
  
	
  Planck	
  287K	
  radiance	
  [i.e.	
  100�dR/B(287K)]:	
  

–  Longwave: 	
  0.45%	
  
–  Midwave: 	
  0.58%	
  
–  Shortwave:	
  0.77%	
  
for	
  B(233K)	
  to	
  B(287K)	
  

•  Climate	
  (and	
  NWP)	
  Applica/ons	
  
	
  typically	
  require	
  beWer	
  accuracy	
  

	
  
	
  

CrIS	
  Radiometric	
  Uncertainty	
  spec,	
  expressed	
  as	
  	
  
1	
  and	
  3	
  sigma	
  brightness	
  temperature	
  differences 



Pre-­‐Launch	
  Radiometric	
  Uncertainty	
  Budget	
  
with	
  component	
  uncertain/es	
  based	
  on	
  pre-­‐launch	
  analysis/tes/ng	
  

On-­‐orbit	
  calibra-on	
  equa-on:	
  
	
  
	
  
	
  

	
  	
  	
  

with	
   	
  RICT	
  =	
  eICT	
  B(TICT)	
  +	
  (1-­‐eICT)	
  RICT,Reflected	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  C’	
  =	
  C	
  /	
  (1	
  -­‐	
  a2	
  VDC	
  )	
  
	
  

Other	
  contribu-ons,	
  such	
  as	
  scan	
  mirror	
  polariza-on	
  and	
  stray	
  light,	
  are	
  not	
  included	
  here.	
  	
  Other	
  studies,	
  by	
  ITT/Exelis,	
  show	
  these	
  do	
  not	
  contribute	
  
significantly	
  to	
  the	
  total	
  RU.	
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•  Predic-on	
  includes	
  a	
  modeled	
  component	
  of	
  the	
  
reflected	
  radiance	
  which	
  varies	
  with	
  orbit	
  phase	
  

•  Effect	
  is	
  expected	
  to	
  be	
  small,	
  but	
  largest	
  for	
  
warm	
  scenes	
  in	
  SW	
  band	
  and	
  edge	
  of	
  MW	
  band	
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Non-­‐Linearity	
  Correc/ons	
  
•  The	
  CrIS	
  RU	
  budget	
  and	
  SDR	
  algorithm	
  did	
  not	
  originally	
  include	
  NL	
  contribu;ons;	
  Significant	
  

quadra;c	
  NL	
  was	
  realized	
  for	
  LW	
  and	
  MW	
  (PV	
  MCT)	
  bands	
  and	
  characterized	
  only	
  with	
  system	
  level	
  
TVAC	
  tes;ng.	
  	
  SW	
  band	
  (InSb)	
  is	
  linear.	
  

•  The	
  correc;on	
  is	
  FOV#,	
  band,	
  wavenumber,	
  and	
  scene	
  dependent	
  
•  The	
  NL	
  magnitude	
  was	
  observed	
  to	
  change	
  between	
  TVAC	
  cycles,	
  par;cularly	
  for	
  certain	
  MW	
  FOVs.	
  
•  A	
  post-­‐launch	
  strategy	
  to	
  refine	
  the	
  on-­‐orbit	
  NL	
  was	
  developed	
  using	
  out-­‐of-­‐band	
  harmonic	
  analysis	
  

of	
  ICTand	
  Space	
  views	
  and	
  FOV-­‐2-­‐FOV	
  consistency	
  of	
  Earth	
  views.	
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  Example	
  correc/ons	
  

Corrected	
  Raw	
  Complex	
  Spectrum	
  =	
  Raw	
  Complex	
  Spectrum	
  ×	
  (1+	
  2	
  a2	
  V)	
  
where	
  V	
  is	
  DC	
  level	
  voltage	
  at	
  1st	
  stage	
  of	
  preamplifier	
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Schedule Overview 
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  Suomi-NPP launched on 28 October 2011 

  CrIS powered on and first light data on 20 Jan 2012 

  April 2012: 
  v33 Engineering Packet upload and NF fix 
  First valid spectra from the operational processing system 
  SDR (aka L1B) “Beta” status 

  CrIS SDR “Provisional” status in October 2012 

  June 2013: 
  Full resolution mode 
  “Final” refinements to calibration coefficients 
  CrIS SDR “Validated” status 



Sample	
  “1st	
  Light”	
  spectra	
  (20	
  January	
  2012)	
  	
  
Overlays	
  for	
  a	
  uniform	
  3x3	
  FOR	
  

9 



Water	
  Vapor	
  Map	
  from	
  CrIS	
  
24	
  February	
  2012,	
  1580	
  cm-­‐1	
  BT	
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On-­‐orbit	
  Spectral	
  Calibra/on	
  Summary	
  
Ø  Small	
  FOV	
  posi;on	
  adjustments	
  were	
  made	
  to	
  produce	
  

inter-­‐FOV	
  spectral	
  calibra/on	
  agreement	
  of	
  a	
  few	
  tenths	
  
ppm,	
  which	
  is	
  very	
  stable	
  with	
  ;me.	
  

Ø  Both	
  the	
  internal	
  Neon	
  lamp	
  views	
  and	
  Earth	
  view	
  analyses	
  
show	
  overall	
  spectral	
  calibra/on	
  varia;ons	
  (in	
  the	
  
opera;onal	
  processing)	
  with	
  a	
  range	
  of	
  ~1.5	
  ppm	
  to	
  date.	
  

Ø  Non-­‐uniform	
  scene	
  effects	
  on	
  the	
  ILS	
  behave	
  as	
  expected	
  
(based	
  on	
  prior	
  IASI	
  experience).	
  	
  Mean	
  spectra	
  of	
  large	
  
ensembles	
  are	
  unbiased	
  due	
  to	
  this	
  effect.	
  

Ø  Addi/onal	
  Gibbs	
  effect	
  ar/facts	
  present	
  in	
  the	
  unapodized	
  
spectra,	
  largest	
  at	
  edges	
  of	
  spectral	
  bands,	
  are	
  currently	
  
under	
  inves;ga;on.	
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FOV	
  Radii:	
  8403	
  µrad	
  
v33	
  FOV5	
  offsets	
  from	
  FTS	
  axis:	
  	
  	
  LW:	
  	
  	
  393	
  µrad,	
  	
  MW:	
  419	
  µrad,	
  	
  	
  SW:	
  345	
  µrad	
  
Ra/o	
  of	
  v32	
  off-­‐axis	
  angles	
  to	
  v33	
  off-­‐axis	
  angles:	
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  FOV5	
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  spectral	
  correla/on	
  analysis:	
  

Longwave	
  band,	
  730-­‐740	
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  band,	
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  Spectral	
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Mean	
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Metrology	
  laser	
  wavelength	
  devia/ons,	
  derived	
  from	
  Neon	
  lamp	
  
views	
  and	
  laser	
  temperature	
  monitoring	
  

Range	
  is	
  1.6	
  ppm	
  to	
  date.	
  
(Opera/onal	
  processing	
  should	
  update	
  for	
  	
  
Δ	
  of	
  2ppm	
  threshold	
  and	
  processing	
  re-­‐start)	
  

c/o	
  NOAA	
  STAR	
  Cal/Val	
  system 



On-­‐orbit	
  Radiometric	
  Calibra/on	
  Summary	
  
Ø  Not	
  finding	
  ar;facts	
  due	
  to	
  the	
  lower	
  ICT	
  emissivity	
  and	
  ICT	
  

reflected	
  temperature	
  varia;ons	
  over	
  an	
  orbit.	
  
Ø  Longwave	
  and	
  Midwave	
  band	
  nonlinearity	
  a2	
  coefficients	
  

were	
  refined	
  using	
  in-­‐flight	
  	
  Diagnos;c	
  mode	
  (un-­‐
decimated)	
  and	
  Earth	
  view	
  data.	
  

Ø  Overall	
  Radiometric	
  Uncertainty	
  es;mates	
  are	
  generally	
  
less	
  than	
  0.2K	
  3-­‐sigma.	
  

Ø  Agreement	
  with	
  IASI	
  and	
  AIRS	
  is	
  generally	
  less	
  than	
  a	
  few	
  
tenths	
  K;	
  Larger	
  differences	
  are	
  observed	
  in	
  the	
  Shortwave	
  
band	
  for	
  cold	
  scene	
  radiances.	
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Out-­‐of-­‐Band	
  Harmonic	
  Analysis	
  
Example	
  Longwave	
  Band	
  “Diagnos/c	
  Mode”	
  spectrum:	
  

wavenumber 
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FFT(IFG)	
  
FFT(IFG2)	
  
FFT(IFG3) 
FFT(IFG4) 

•  Quadra/c	
  Nonlinearity	
  observed	
  for	
  CrIS	
  Longwave	
  and	
  Midwave	
  detectors.	
  
•  For	
  the	
  CrIS	
  bandpasses,	
  the	
  nonlinearity	
  correc/on	
  simplifies	
  to	
  C’	
  =	
  C	
  +	
  2	
  a2	
  V	
  C,	
  where	
  V	
  is	
  DC	
  

level	
  voltage	
  at	
  1st	
  stage	
  of	
  preamplifier	
  and	
  a2	
  is	
  the	
  magnitude	
  of	
  the	
  quadra/c	
  nonlinearity	
  
•  FFT(IFG2)/FFT(IFG)	
  in	
  the	
  low	
  wavenumber	
  region	
  (~50	
  to	
  200	
  cm-­‐1)	
  provides	
  an	
  es/mate	
  of	
  a2	
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CrIS/IASI	
  Northern	
  SNOs,	
  by	
  FOV,	
  prior	
  to	
  Apr	
  12	
  (v32	
  Eng	
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CrIS/AIRS	
  Inter-­‐comparison	
  dataset	
  

•  598,083	
  “big	
  circle”	
  samples,	
  25	
  Feb	
  to	
  18	
  Dec	
  
•  Scan	
  angles	
  ≤	
  30°;	
  Scan	
  angle	
  difference	
  ≤	
  3°;	
  Time	
  Diff	
  <=	
  20	
  min	
  
•  AIRS	
  data	
  is	
  L1B	
  v5;	
  CrIS	
  data	
  is	
  ADL	
  (CSPP	
  v1.1)	
  with	
  na;ve	
  Eng.	
  Packets	
  
•  Daily	
  processing	
  c/o	
  UW	
  PEATE	
  

	
  

320K	
  

180K	
  

835	
  cm
-­‐1	
  BT	
  (K)	
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  ±	
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  ±	
  0.002	
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  ±	
  0.003	
  K	
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CrIS/AIRS	
  comparisons	
  for	
  Sample	
  Wavenumber	
  Regions	
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CrIS/AIRS	
  comparisons	
  for	
  Sample	
  Wavenumber	
  Regions	
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Other	
  On-­‐orbit	
  Performance	
  Notes:	
  	
  
(what	
  did	
  not	
  happen)	
  

Ø  Interferometric	
  noise	
  (spectrally	
  correlated)	
  is	
  excep;onally	
  
small–	
  therefore,	
  the	
  vibra;on	
  isola;on	
  stage	
  was	
  not	
  
deployed	
  

Ø  Radia;on/par;cle	
  induced	
  Spikes	
  are	
  essen;ally	
  non-­‐existent	
  
–	
  only	
  2	
  detected	
  since	
  launch	
  

Ø  No	
  interferometer	
  fringe	
  count	
  errors	
  to	
  date	
  
Ø  No	
  signs	
  of	
  transmiWance	
  reduc;on	
  from	
  Ice	
  buildup	
  
Ø  ILS	
  effects	
  on	
  climate	
  mean	
  spectra	
  from	
  non-­‐uniform	
  scenes	
  

are	
  very	
  small	
  (demonstrated	
  by	
  difference	
  of	
  corner	
  and	
  
center	
  FOV	
  means)	
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  and	
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Current Leins, Areas of Investigation 

28 

  Shortwave band, cold BT artifacts 
Ø  As seen in comparions with AIRS, IASI, and Obs/Calcs 
Ø  Well below spec, but still needs to be addressed 

  Gibbs effect, Spectral ringing 
Ø  Largest at band edges 
Ø  Investigating source and possible fixes 

  Refinements to ILS and NLC coefficients 
Ø  Considering sub-tenth ppm adjustments to FOV positions and 

adjustments to LW NLC a2 coefficients, in June time frame. 

 
  “Repair Granules” in operational processing 

Ø  See next slides; users should use QA flags 



Example	
  QC	
  plots	
  for	
  2012.06.19,	
  IDPS/CLASS	
  products:	
  

Flagged	
  spectra	
  

Real	
  Part	
   Imaginary	
  Part	
  

Latency	
  plot	
  

Flagged,	
  Case	
  2	
  

Flagged,	
  Case	
  3	
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1. Aggregated RCRIS created at +2 hrs  
2. RCRIS repair granules created at +4-5 hrs  
3. Aggregated SCRIS files created at +6 hrs 
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SDRs,	
  data	
  percentage	
  per	
  day	
  

SDRs,	
  good	
  data	
  percentage	
  per	
  day	
  

RDR	
  repair	
  granules	
  per	
  day	
  



What’s Next? 
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  Suomi-NPP CrIS 
Ø  “Validated” status expected mid 2013, including small refinements to ILS 

and NLC calibration coefficients 
Ø  Plan to go into full resolution mode (0.625 cm-1 unapodized resolution in all 

3 bands) in June 2013.  Full interferograms will be downloaded; operational 
SDR product will remain at truncated resolution. 

Ø  NOAA/NASA currently determining plans/organization for reprocessing to 
produce a climate quality radiance dataset. 

  JPSS-1 CrIS 
Ø  Very similar to NPP CrIS but with a re-designed and higher emissivity ICT 
Ø  Bench level and Thermal Vac testing to begin May/June of this year 
Ø  Launch now scheduled for early 2017 

  JPSS-2 CrIS 
Ø  Smaller footprints; 3x3 FOVs (14km) replaced with effective 12x12 (~3.5km) 
Ø  Spectral gaps removed 
Ø  Launch in 2020/1 



Thank You 
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