
A Dual-Regression Hyperspectral 

Atmospheric Sounding Algorithm

William L. Smith1,2,3, Elisabeth Weisz1, et. al.,

1  University of Wisconsin-Madison
2 NASA/LaRC (SSAI)
3 Hampton University 

SPACE SCIENCE

AND

ENGINEERING

CENTER

2nd IASI Conference - 25 to 29 January 2010 Annecy France



Objective
• Develop and test a single field-of-view linear surface and 

atmospheric variable specification method which can be 

applied hyperspectral satellite data (e.g., AIRS, IASI, and CrIS) 

in order to:

- Interpret the radiances in terms of atmospheric state 

variables for climate change assessments

- Provide initial surface and cloud parameters, and initial 

temperature and moisture profiles, useful for 1-d variational 

physical retrievals or for the direct assimilation of satellite 

radiances. 

• Test this algorithm using global AIRS and regional IASI 

radiance data

• Validate this algorithm using ECMWF (ERA-Interim) re-

analyses of global observing system (satellite plus 

conventional) data and regional radiosonde and dropsonde 

data obtained during the JAIVEx campaign 



Dual Regression Technique
“Clear-trained” and “Cloud-trained” EOF regression retrievals of: 

surface skin temperature, surface emissivity PC-scores, CO2

concentration, cloud top altitude, effective cloud optical depth, and 

atmospheric temperature, moisture, and ozone profiles above the cloud 

and below thin or scattered cloud (i.e., cloud effective optical depth < 

1.5 and a cloud induced temperature profile attenuation < 15 K.

1. Cloud height: The higher of a non-linear (iterative) classified 

regression estimate and the level where “cloud-trained” temperature 

profile retrieval becomes systematically greater than the “clear-

trained” temperature profile retrieval.  (The cloud-trained EOF 

regression solution coefficients are selected from a set of ten classes 

of cloud-height stratified 200-hPa overlapping layers.  The proper 

class is determined using the non-linear (i.e., iterative) cloud pressure 

regression estimator. The initial value is determined using an 

unclassified by cloud height linear regression operator.)

2. Cloud optical depth: Estimated using classified EOF regression

3. Atmospheric profile:  

a) above the cloud: “clear-trained” retrieval

b) below the cloud: “cloud-trained” retrieval 



Training
Clear Training – We use 15,000 

(NOAA-88, TIGR, ECMWF)   clear 

sky  soundings uniformly distributed 

throughout  the globe plus 15000 

additional soundings made to be 

isothermal and saturated below the 

cloud pressure for each cloud height 

class. Surface skin temperature and 

emissivity spectrum a random 

number specified for each sounding 

with the std. dev. being a function of 

land, sea, and air temperature .  

Cloud Training – cloud height specified 

using probability function P(T,RH) and 

uniformly distributed with altitude.  Use 

uniform distribution of cloud optical 

thickness  ranging from 0 – 10 and 

effective cloud particle diameter (10-50 

μm for ice and 5-35 μm for water). Ice 

cloud top between 600 hPa and the 

tropopause; water cloud tops between 

the surface and 400 hPa.



For AIRS:  1500 Channels Used:

For IASI:  7021 Channels Used:



AIRS Cloud Height & T/RH Profile Examples

(1)   T-cloud: Highest level where Tcld(p) >Tclr(p) to the ground

where Tcld(p) &  Tclr(p) obtained by EOF regression

(2)   RH-cloud:  Highest  RHclr peak > 75% 

(3)   Profile cloud height  taken as (1) above

(4)   T = Tclr & RH = RHclr above cloud

(5)   If [“Optical Depth” <= 1.5 & Max [(Tcld (p) – Tclr (p)] < 15K

then the below cloud profiles are.: 

T(p) = Tcld(p) and RH(p) = RHcld(p)

Otherwise:

T(p) & RH(p) = “missing”  

Cloud and Profile Determination:
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AIRS-T, AIRS-RH, CALIPSO, & CloudSat
Highest Co-located AIRS FOV Cloud Altitudes (2.5 deg. grid average) 

AIRS-T Cld Ht (Aug. 7, 2007) CloudSat Cld Ht (Aug. 7, 2007)

CALIPSO Cld Ht (Aug 7, 2007)AIRS-RH Cld Ht (Aug. 7, 2007)
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850 hPa Temperature (2003-2008)
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500 hPa Humidity (2003-2008)
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50 hPa Temperature (2003-2008)
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850 hPa 6-Year Trend (2003-2008)
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500 hPa 6-Year Trend (2003-2008)
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300 hPa 6-Year Trend (2003-2008)
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50 hPa 6-Year Trend (2003-2008)
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JAIVEx IASI Mesoscale Case Study 



Surface Parameters



Atmospheric Temperature & Humidity
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Comparisons With CART-site Radiosonde (1729 UTC) 
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Dual Regression
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Comparisons With CART-site Radiosonde (1729 UTC) 



Summary & Conclusion
Climate (AIRS Example)

• Dual regression appears to provide accurate 5 x 5 degree monthly 

averages used for climate analysis.

• Amazing correspondence between monthly mean values of twice per 

day Nadir AIRS and ECMWF ERA of all GOS data

– Regional Monthly Means

– Regional 6-year trends in “Annual” Mean

Mesoscale Weather (IASI Example)

• Dual regression retrieval provides vertical moisture characteristics 

associated with the existence of thin and/or scattered to broken clouds 

• Dual regression can provide surface and cloud parameters, as well as 

temperature and moisture profiles, useful for initializing 1-d variational 

physical retrievals and NWP model assimilation of radiances.   


