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RGB Image shows dense smoke 
(high absorption) in northwest, 
north central and central coastal 
portions of image. 

Parameter (KPP in Blue) IORD-II, JPSS-L1RD NGAS SY15-0007 
AVMP Partly Cloudy, surface to 600 mb Greater of 20% or 0.2 g/kg 14.1% ocean, 15.8% land and ice 

AVMP Partly Cloudy, 600 to 300 mb Greater of 35% or 0.1 g/kg 15% ocean, 20% land and ice 

AVMP Partly Cloudy, 300 to 100 mb Greater of 35% or 0.1 g/kg 0.05 g/kg ocean, 0.1 g/kg land 
and ice 

AVMP Cloudy, surface to 600 mb Greater of 20% of 0.2 g/kg 15.8% 

AVMP Cloudy, 600 mb to 300 mb Greater of 40% or 0.1 g/kg 20% 

AVMP Cloudy, 300 mb to 100 mb Greater of 40% or 0.1 g/kg 0.1 g/kg 

Atmospheric Vertical Moisture Profile (AVMP). 

Used for initialization of high-resolution NWP 
models, atmospheric stability, etc. 

Lower tropospheric moisture layers are Key 
Performance Parameters (KPPs) . 

At right: Example of AIRS moisture product at 
500 hPa (courtesy of Tom Pagano, 
NASA/JPL) 
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RGB Image shows dense smoke 
(high absorption) in northwest, 
north central and central coastal 
portions of image. 

Parameter (KPP in Blue) IORD-II, JPSS-L1RD NGAS SY15-0007 
AVTP Partly Cloudy, surface - 300 mb 1.6 K/1-km layer 0.9 K/1-km ocean, 1.7 K/1-km land/ice 

AVTP Partly Cloudy, 300 to 30 mb 1.5 K/3-km layer 1.0 K/3-km ocean, 1.5 K/3-km land/ice 

AVTP Partly Cloudy, 30 mb to 1 mb 1.5 K/5-km layer 1.5 K/3-km 

AVTP Partly Cloudy, 1 mb to 0.5 mb 3.5 K/5-km layer 3.5 K/5-km  

AVTP Cloudy, surface to 700 mb 2.5 K/1-km layer 2.0 K/1-km 

AVTP Cloudy, 700 mb to 300 mb 1.5 K/1-km layer 1.5 K/1-km 

AVTP Cloudy, 300 mb to 30 mb 1.5 K/3-km layer 1.5 K/3-km 

AVTP Cloudy, 30 mb to 1 mb 1.5 K/5-km layer 1.5 K/5-km 

AVTP Cloudy, 1 mb to 0.05 mb 3.5 K/5-km layer 3.5 K/5-km 

Atmospheric Vertical Temperature Profile (AVTP). 

Used for initialization of high-resolution NWP 
models, atmospheric stability, etc. 

Lower tropospheric temperature are KPPs. 

At right: Example of AIRS temperature product at 
500 hPa (courtesy of Tom Pagano, NASA/JPL) 
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RGB Image shows dense smoke 
(high absorption) in northwest, 
north central and central coastal 
portions of image. 

Parameter (P3I in Blue) IORD-II / JPSS-L1RD NGAS SY15-0007 
Pressure Profile 4 mb threshold, 2 mb goal 3 mb (with precip and Psurf error 

exclusions) 

CH4 (methane) column 1% ± 5% / 1% ± 4% 
(precison ± accuracy) 

n/a 

CO (carbon monoxide) column 3% ± 5% / 35% ± 25%  
(precision ± accuracy) 

n/a 

Pressure product is a EDR product 
(derived from AVTP and AVMP) that 
requires validation. 

Ozone is an intermediate (IP) product 
used by the OMPS team (does not 
have a performance specification). 

CO and CH4 are pre-planned product 
improvements(P3I, Not part of JPSS-
funded cal/val program) 

Mentioned here because the SOAT 
has recommended full-resolution 
RDR’s for CrIS SW (and MW) bands 
to support the science community. 

Example of AIRS carbon monoxide product: CO from 
California fires impacted Denver Colorado on Aug.30 
and Oklahoma on Sep. 1, 2009 

Image courtesy of Wallace McMillan, UMBC 



CrIMSS EDR Dataflow 

• CrIS Blackmann apodized 
radiances and ATMS spatially 
convolved (i.e., Backus Gilbert) 
radiances are used to produce 
CrIMSS EDR products. 

CrIS RDR CrIS SDR Apodization 

ATMS RDR ATMS TDR Remap SDR 

Ancillary 

Look-up Tables 

Configurable 
Parameters 

ATMS SDR 

GFS 

CrIMSS EDR 
Processing 

Code 



CrIMSS EDR Flow Diagram 
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Overview of CrIMSS EDR 

• The CrIMSS EDR derives AVTP,  AVMP, AVPP, O3-IP, surface temperature, 
surface emissivity simultaneously. 
– AVTP reconstructed from 20 EOF’s, AVMP from 10 EOF’s 
– Also 1 surface temperature, 5 MW EOF’s, 12 IR emissivity and reflectivity 

hingepoints, MW cloud top pressure and cloud liquid water path 
• These products are not currently in HDF5 file(s) 

– There is an inter-dependence within products 
– Therefore, entire atmospheric state needs to be assessed in order to validate these 

products. 
• Assumption for EDR validation is that CrIS and ATMS SDRs are calibrated. 

– Beta versions of SDR will be used to help algorithm and instrument assessments 
during EOC 

– Assessment is “hierarchal” using model and operational RAOBs for global 
assessment and dedicated sondes for detailed site characterization. 

– Characterization improves as more in-situ data is acquired. 



CrIMSS EDR Validation Team 

Lead for Activity Organization Task 

Allan Larar NASA/LaRC Comparisons to NAST-I  EDRs 

Xu Liu NASA/LaRC IASI proxy, Algorithm, Validation (Kizer) 

Hank Revercomb SSEC AVTP validation (Knuteson),  
regional assimilation evaluation (Li) 

Dave Tobin SSEC ARM-RAOBS at NWP, SGP, NSA 

Larrabee Strow UMBC OSS validation and comparisons to SARTA 

Denise Hagan, 
Degui Gu 

NGAS EDR /SDR Validation, code integration 
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Lead for Activity Organization Task 

Chris Barnet NOAA/NESDIS/STAR CrIS/ATMS EDR Val. Team (Nalli, Xiong) 

Mitch Goldberg 
(C. Barnet) 

NOAA/NESDIS/STAR NGAS-code analysis, Proxy generation, 
NUCAPS (Divakarla, Guo, Gambacorta) 

Anthony Reale NOAA/NESDIS/STAR NPROVS RAOB comparisons 

Ralph Ferraro NOAA/NESDIS/STAR Precipitation Flag 



Validation Team 

EDR Lead for Activity Organization Task 

ATMS TDR/SDR Sid Boukabara NOAA/STAR MiRS EDR 

CrIMSS EDR Lars Peter 
Riishojgaard 

JCSDA NCEP analysis 

CrIMSS SDR Steven Beck Aerospace Corp. RAOB,LIDAR 

CrIMSS SDR Steven English UKMET UKMET analysis 

CrIMSS SDR William Bell ECMWF ECMWF analysis 

AVTP/AVMP Steve Freidman NASA/JPL Sounder PEATE 

CrIMSS SDR Ben Rustin NRL NOGAPS/NAVDAS 
analysis 
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Operational Scenarios  

• Pre-Launch 
– Test algorithm using Metop-derived CrIS/ATMS proxy data 

• Robust proxy data with variety of comparison products (IASI-EDRs, ECMWF, GFS) 

– Derive pre-launch tuning (and compare w/ IASI tuning) 
• Early Orbit Checkout (EOC, launch + 90 days) 

– Team will work with first-light and early SDRs (beta and provisional) to test off-line 
EDR code and to get an early look at the data to resolve gross errors 

– Assist instrument characterization 
• Intensive Cal/Val (ICV, EOC to launch + 18 months) 

– Intensive cal/val will expand on the analysis done during EOC with more emphasis 
on in-situ data sources and algorithm assessment. 

– Significant effort will be spent on tuning algorithm coefficients and LUTs to achieve 
optimal performance. 

• Long-term Monitoring (LTM, ICV to end of mission) 
– Focus shifts to periodic global performance assessments and analysis of long-term 

stability of products. 



Hierarchy of Calibration 
 and Validation Activities 

• PL = Pre-launch                                                           • EOC = Early Orbit Checkout (30-90 days) 
• ICV = Intensive Cal/Val (stable SDR to L+24 m)         • LTM = Long-term monitoring (to end of mission) 

Activity Time-frame Value 

Use of proxy datasets PL,EOC Exercise EDR and fix issues. 

Use of forecast & analysis fields EOC Early assessment of performance 

Compare IDPS-EDRs to operational 
products from NUCAPS, AIRS & IASI 

EOC,ICV,LTM Early assessment of performance, 
diagnostic tools to find solutions. 

Compare SDRs w/ AIRS and IASI via 
SNOs and double differences 

ICV,LTM Separate SDR/EDR issues at 
detailed level.  

Operational PCA monitoring of 
radiances. 

EOC,ICV,LTM Instrument health.  Identify and 
categorize interesting scenes.   

RTG-SST and Dome-C AWS LTM Long-term stability of ICT 

Operational RAOBs ICV,LTM Early assessment, long-term stability. 

Dedicated RAOBs ICV,LTM Definitive assessment. 

Intensive Field Campaigns ICV,LTM Definitive assessment. 

Scientific Campaigns of Opportunity Whenever Detailed look at specific issues. 



High Level Validation Schedule 

• November and December, 2011 
– Compute obs-calc’s of ATMS 
– Begin to look at tuning and resampling for ATMS 

• January 2012 
– ATMS-only retrievals for NUCAPS and off-line NGAS, if possible 

• February 2012 
– Compute obs-calc’s of CrIS, compare CrIS/IASI/AIRS SDRs 
– Begin diagnostic runs of NUCAPS, off-line EDR 

• Spring 2012 
– Detailed comparisons with NUCAPS, IASI, and AIRS EDRs 
– Beta EDR should be functional by Apr. 2012 
– Comparisons of off-line EDR with models (GFS, ECMWF) and operational 

RAOBs 
– Comparisons of off-line EDR with dedicated (ARM) RAOBS 

• Summer 2012 
– Support AEROSE (tentatively late-Aug) campaign to obtain RAOB’s  
– Support Cal/Val Field Campaign 
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Pre-launch Validation: 
Proxy generation 

• Kizer/Guo/Divakarla (Mar, 
Aug, Sep 2011): 
Successfully implemented 
latest versions of CrIMSS 
EDR code, ensured 
consistent results between 
STAR, NGAS LaRC and GSFC 

• Blackwell/Kizer/Divakarla/
Guo (Mar 2011): IASI-
based CrIMSS proxy data 
generated for focus day 19 
Oct 2007 were analyzed 

Moisture fields from the off-line 
CrIMSS EDR (shown without QA) 
are reasonable for Oct. 2007 



Pre-launch Validation: 
Demonstrate operational code stability 

• NGAS (Mar 2011): Performed CrIMSS 
radiance bias-tuning and bias-correction 

– LaRC and STAR ran and compared tuning 

• Guo/Divakarla/Barnet/Liu (Jun 2011) 
Improved OSS IR and MW forward models.  
Prepared the CrIMSS EDR code and OSS 
forward models and made them available 
for the NOAA cal/val team. Implemented 
the CrIMSS EDR code for over 1000 granules 
of updated P-72 data derived SDR radiance. 

• Divakarla/Gambacorta/Nalli/ Xie (Jun, Oct 
2011): IASI-based CrIMSS AEROSE proxy 
data generated; preliminary comparison 
against NOAA IASI retrievals suggests 
CrIMSS algorithm is robust against dust 
aerosol contamination 

– Tuning derived using Oct. 2007 proxy has been 
applied to Aug. 2011 AEROSE observations 

– IASI and NUCAPS system based on AIRS 
science team approach has sensitivity to 
dust, primarily through the regression first 
guess 



Pre-launch Validation: 
AEROSE scientific campaign of opportunity 

• Nalli (Aug 2011): Successfully 
executed the 7th NOAA 
Aerosols and Ocean Science 
Expedition (AEROSE) 

• Nalli (Aug 2011): High-level 
paper on AEROSE intensive 
campaigns published in 
BAMS with front cover shot 
and caption “Cruise Control: 
AEROSE Soundings to 
Support Satellite Missions” 

• Reale/Sun/Nalli/Xie (Jun 
2011): Monthly NPROVS 
upgrades and utilization for 
cal/val, including AEROSE 
campaigns 

– At right is an example of 
NPOVS system showing a 
difficult sounding region 
with high level subsidence 
and temperature inversions 

– RAOB (red) along with AIRS 
(green) and IASI (blue) 
operational soundings 

Total of 7 successful expeditions  
(2006 had 2-legs) 

Raob 
AIRS 
IASI 

 
 
 
 
 
 
 
 
 



The CrIS SW Spectral Resolution Issue 

• We have adequately justified full-resolution from a science 
perspective. 
– Spectral calibration of the SW band requires full resolution.  

• AIRS science team has shown value of this band for lower tropospheric AVTP (the 
KPP  part of AVTP). 

– Enables a carbon monoxide product (a P3I product, L1RD-supp 6.1.3) 
– LW-only AVTP **may** meet threshold requirements; however, we are at 

risk of not meeting them with current resolution or calibration. 
– Full-resolution in the MW-band (0.8 versus 0.4 cm OPD) is desirable for 

methane (a P3I in L1RD-supp 6.1.2) and upper tropospheric water vapor. 
• I do not believe having full spectral resolution is a requirement for meeting KPP 

AVMP requirements but others within the SOAT believe it will. 
• There have been engineering reports that ITT ran tests to show that 

the NPP CrIS instrument is fully capable of supporting full resolution 
mode in both the SW and MW bands 

• If downlink bandwidth is a limitation then we should at least 
entertain one of the LW/MW/SW options of (0.8/0.4/0.4, 
0.8/0.4/0.8, or 0.8/0.8/0.8 cm) 

• Can truncate at RDR or SDR to minimize impact on ground system. 
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ATMS Rain Flag Issue 
(used for defining “excluded cases” from statistics) 

• Based on 1998-era NOAA 
AMSU-A pre-launch rain 
algorithm 
– Outdated & also coded wrong 

• Note in DR’s 4068 & 4069 
– Won’t remove enough rain 

over land 
• Degraded performance 

– Will remove non-rain regions 
over ocean 

• Reduced retrievals 
– Nothing is done along coast 

• Proposed fix: 
– Utilize heritage, operational 

MSPPS MHS based rain 
algorithm 

– Will require some “retrofit” 
for ATMS channels 

 

JJA 2009 Probability of Rain Detection 
 
Top -  Proposed MHS scheme 
Bottom - ATMS rain flag based on AMSU-A 



Maturity Definitions 

• Beta, early release product 
– Initial calibration applied, may contain significant errors 
– Rapid changes can be expected 

• Provisional 
– Product quality may not be optimal 
– Incremental product improvements are still occurring 

• Validated – Stage.1 
– Product accuracy has been estimated from a small number of independent 

measurements obtained from select locations and time periods. 

• Validated – Stage.2 
– Product accuracy assessed over a widely distributed set of locations and time 

periods via several ground truth and validation efforts. 

• Validated – Stage.3 
– Product accuracy has been assessed and the uncertainties in the product well 

established via independent measurements in a systematic and statistically robust 
way representing global conditions. 



Brief History of AIRS SDR/EDR Maturity 
(new sensor, new forward model, new EDR algorithm) 

Event Date SDR EDR 

launch May 4, 2002 L+0 

1st Granules June 14, 2002 L+40d functional 

1st focus day July 20, 2002 L+80d Beta 

SDR Operational Aug. 30, 2002 L+4m Provisional 

V2.7 Operational Jan. 30, 2003 L+9m Stage.1 Beta 

V3 Operational May 8, 2003 L+1y Stage.2 Provisional 

Solar storm, shut down Oct. 28, 2003 L+18m 

V4 Operational May 2005 L+3y Stage.1 

V5 Operational June 2007 L+5y Stage.3 Stage.2 

NOTE: Even though I call AIRS-SDR stage.3, a Doppler Shift error was discovered in 
Sep. 2010 (L+8 years) via comparisons with IASI.   None of the extensive validation 
efforts and scientific analysis up to that date identified the error (very small 
systematic error, but should have been anticipated and/or detected. 



Brief History of IASI SDR/EDR Maturity 
(new instrument, same forward model and EDR alg.) 

Event Date SDR NOAA-EDR 
launch Oct. 19, 2006 L+0 
1st test orbit Jan. 15, 2007 L+97d Beta functional 
2nd test orbit Feb. 11, 2007 L+4m Provisional 
EUMETSAT SDR operational July 18, 2007 L+9m Stage.1 Beta 

1st IASI Focus Day Oct. 19, 2007 L+1y 

NOAA SDR operational Oct. 30, 2007 L+1y Stage.2 Provisional 

EDR operational Aug. 14, 2008 L+22m Stage.1 
EDR updates operational Sep. 17, 2009 L+3y Stage.2 
EUMETSAT SDR updates May 18, 2010 L+3.6y Stage.3 

NOTE: NOAA EDR was a literal copy of AIRS Science Team Code using the same forward model (SARTA). 
Therefore this represents an optimistic scenario for data product maturity.   

Note: Even though I call AIRS-SDR stage.3 in summer 2010 (L+3.7 year) , it was 
discovered in 2011 that the ILS correction accidentally was applied twice to one FOV.   
This was discovered by validation of the IASI carbon monoxide products. 



Plans for NUCAPS SDR/EDR Maturity 
(new sensor, same forward model and EDR alg.) 

Event Date NUCAPS-
SDR 

NUCAPS-
EDR 

NPP launch Oct. 28, 2011 L+0 
NDE Phase 1 delivery Nov. 2011 L+1m (ready) 
End of CrIS outgassing Dec. 9, 2011 L+42d 
ITT Packet #32 Dec. 18, 2011 L+51 Beta Beta – ATMS-only 

End of CrIS SDR EOC Dec. 29, 2011 L+62d 
ITT Packet #33 Jan. 26, 2011 L+90d Provisional Beta 

End of SDR ICV Jun. 26, 2012 EOC+6m Stage.1 Provisional 

NDE Phase 2 delivery Jan. 2013 L+14 m Stage.2 Stage.1 

End of EDR ICV Apr. 25, 2013 L+18m 
NDE Phase 3 delivery May 2014 L+29m Stage.2 

Note: Dates reflect delivery from algorithm teams and DOES include transition to NDE 
operations time. 



Plans for CrIMSS SDR/EDR Maturity 
(new sensor, new forward model and EDR alg.) 

Event Date SDR EDR 
NPP launch Oct. 28, 2011 L+0 
End of CrIS outgassing Dec. 9, 2011 L+42d 
ITT Packet #32 Dec. 18, 2011 L+51 Beta Beta – ATMS-only 

End of CrIS SDR EOC Dec. 29, 2011 L+62d 
ITT Packet #33 Jan. 26, 2011 L+90d Provisional Beta 

End of SDR ICV Jun. 26, 2012 EOC+6m Stage.1 

Provisional EDR Oct. 28, 2012 L+1y Stage.2 Provisional 

End of EDR ICV Apr. 25, 2013 L+18m Stage.1 

EDR updates Oct. 28, 2013 L+2y Stage.2 

EDR updates Oct. 28, 2014 L+3y Stage.3 Stage.3 

Note: Dates reflect delivery from algorithm teams and does not include IDPS transition time. 



NUCAPS SDR/EDR Maturity 

• This is an extremely ambitious schedule 
– NUCAPS should be up and running first 
– Can be used to evaluate operational EDR algorithm & products 

• Able to compare NUCAPS to NGAS products 
– 1st honest comparison of sequential versus simultaneous approach 

• Both use cloud clearing 
– Also will compare to Eric Maddy’s O-E approach, LaRC single FOV, etc. 

• Able to inter-compare AIRS, IASI, and CrIS 
– AIRS v5/v6 and IASI-Phase.2 (w/ AVHRR cloud clearing) will both be 

mature  systems 
– 4 FOV (IASI) versus 9 FOV (AIRS,CrIS) 
– Interferometer versus grating 

• Select algorithm for long-term processing of AIRS,NPP,J1,J2 in 
the 1:30 orbit and IASI-A,-B,-C in the 9:30 orbit. 
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A long-term vision has finally been achieved 
and we intend to exploit the opportunity 

NASA/Aqua 
1:30 pm orbit (May 4, 2002) 
 
 
 
 
 
 
NPP 
1:30 pm orbit 
(Oct. 28, 2011) 

EUMETSAT/METOP-A 
9:30 am orbit (Oct. 19, 2006, 
≥ May 23, 2012) 

Three hyperspectral sounders are now in 
orbit with Metop-B due for launch in May 



Summary 

• Preparations for use by NWP 
– See Antonia Gambacorta’s presentation on derivation of 

channel subsets for NWP. 
– NOAA Data Exploitation (NDE) System is ready to parse and 

distribute ATMS and CrIS radiances to NWP. 
• Team has worked to prepare the operational EDR code 

for launch. 
– Empirical bias corrections added 
– Used Metop-derived proxy to test off-line EDR code 

• Successful AEROSE campaign has been used to test off-
line EDR in dust/smoke regimes 
– See Murty Divakarla’s presentation in this session. 

• Tools have been prepared to analyze first light data 
25 
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