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Motivation for IR SFOV soundings

Moisture has large spatial variation, IR SFOV moisture soundings preserve 
spatial gradients that are important for monitoring/predicting mesoscale
features, severe weather, and other weather events
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Outline

• Handling surface IR emissivities in 
hyperspectral IR sounding retrieval 

• Handling clouds – With hyperspectral IR 
radiances, cloudy soundings can be derived 
along with cloud properties

• Algorithm demonstration and validation with 
AIRS

• Apply to IASI data – preliminary results





Retrieval AlgorithmRetrieval Algorithm
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Atmospheric measurement equation
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Regularization and discrepancy principle (Li and Huang 1999) 

(Cost function)
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Too many parameters to retrieve if including all channels’ emissivities !!!

to be retrieved



Hyperspectral IR emissivity spectrum data base – from laboratory measurements

The first 10 emissivity eigenvectors 

IASI spectral coverage

AIRS spectral coverage

UW/CIMSS



Weighting Function for Surface EmissivityWeighting Function for Surface Emissivity

Emissivity signal in IR is small (e.g., 0.01 emissivity results in ~0.5 K 
change in window region), but its impact on boundary sounding is
significant. Weaker signals in short wave region make it hard to retrieve.

UW/CIMSS



Regression retrieval: 
T, W, O3 profiles, 
Ts, Emisssivity

Three types of physical retrieval
1. Using constant emissivities of 0.98 and fixed in 

iterations.
2. Using regression emissivities and fixed in iterations.
3. Using regression emissivities and updated in iterations.

Retrieval ExperimentsRetrieval Experiments –– Simulation over desertSimulation over desert



Simulated Retrieval for Desert (32 profiles)Simulated Retrieval for Desert (32 profiles)

Tskin RMS (K)
Reg 0.624
Rtv 0.540
Fixed 
emis 0.822

Emis=
0.98 9.544

Emissivity
impact on 
soundings

Using Const Emis
First guess
Fixed Emis from reg
Simultaneous Emis



8-day composite of global 
hyperspectral IR emissivity

spectrum from AIRS SFOV clear sky 
radiances between Jan. 1 and Jan. 8 
of 2004 – CIMSS research product



Algorithm will also be applied to IASI for global emissivity product

Global AIRS emissivity map – CIMSS research product 
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Comparison with operational 
MODIS emissivity product

• 4.30 µm
• 9.30 µm
• 12.10 µm



AIRS SFOV - CIMSS
AIRS is narrow ch.

4.30 µm 

MODIS - operational
MODIS is broad band

CIMSS/UW



AIRS SFOV - CIMSS
AIRS is narrow ch.

9.30 µm 

MODIS - operational
MODIS is broad band

CIMSS/UW



AIRS SFOV - CIMSS
AIRS is narrow ch.

12.10 µm 

MODIS - operational
MODIS is broad band

CIMSS/UW



Some applications of global 
hyperspectral IR emissivity data

• Data assimilation of hyperspectral IR 
radiances

• Surface property and ecosystem change study
• Data base for other products (dust, aerosol) 

from LEO and products from GEO
• Climate model
• Climate emissivity data record (AIRS, IASI, 

CrIS ….)



Comparisons between AIRS SFOV retrievals and dropsondes
(18 dropsondes processed by Jim Kossin) UW/CIMSS



UW/CIMSS



Cloudy soundings and cloud 
properties

• Two approaches
– Retrieval of cloud properties when sounding is 

available, for example, using forecast profile 
(Wei et al. 2004; Li et al. 2004; 2005)

– Simultaneous retrieval of sounding and cloud 
properties (Zhou et al. 2007, Weisz et al. 
2007)



AIRS cloudy BT spectrum with various cloud 
optical thickness 

R = RoFT τc + (1 – FT – FR) Bcτc – ∫0
pc

B dτ + FR τc ∫0
pc

Bcdτ*

R0…radiance below cloud (=Rs+R↑+R↓), B…Planck function, pc …cloud top pressure,

τc…transmittance of cloud top, τ*= τc
2/τ … downwelling transmittance,

FR…cloud reflectance function, FT…cloud transmissive function

A fast cloudy 
radiative 
transfer model 
accounting for 
atmospheric 
absorption, 
cloud particle 
scattering and 
absorption 
has been 
developed.  



AIRS BT(K) @ 901.69 cm-1 1 km MODIS classification mask 
superimposed to AIRS footprints

F3: Thick ice clouds

IASI sub-pixel cloud mask and classification mask can be derived from AVHRR !

CIMSS/UW



F3: CTP=258, CPS=33.90, COT=1.62 (0.55 µm)

With sounding from forecast

(Li et al. 2005 – JAM)



AIRS 
Window BT

AIRS CTP 
retrievals

AIRS COT 
(0.55 µm)
retrievals

CIMSS/UWMODIS cloud mask is used for AIRS cloud detection !



AIRS (time is 22:17:32) 
cloud properties (cloud-top 
pressure, optical depth, 
particle radius)  comparison 
with UW lidar
measurements during 
MPACE (Mixed Phase 
Arctic Cloud Experiment )

AIRS CTH=7.6 km

Vertical Layers

AIRS Effective Radius=38.6 um

AIRS OD=1.44

CIMSS/UW



Cloudy sounding approach

• Using the cloudy RTM, soundings are 
derived down to the surface in clear and 
thin cloudy skies, while above-cloud 
soundings are derived in thick cloud 
conditions, details see (Weisz et al. 2007 -
GRL; Zhou et al. 2007 – JAS).





Temperature difference between hurricane eye and outside pixel





Case Study 1: 07-22-2006, AIRS granule 8 (asc)
“Interesting SH 2-layer cloud structure” (Weisz et al. 2007 – GRL)



Initial IASI Retrieval (JAIVEx case on 05-02-2007)

IASI Start Time: 16:14 UTC (desc)

AIRS Start Time: 19:47 UTC (asc)

Note: to obtain cloudmask simple 10.5,11.5,12.5 tri-spectral 
and on/off technique (cloudmask1f.m) is applied for now

AIRS and IASI has ~3.5 hours 
time difference in this case



SFOV Cloud Top Pressure [hPa]

IASI AIRS

(hPa) (hPa)



SFOV water vapor mixing ratio [g/kg] cross-section along IASI footprints 15
IA
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AIRS BT



IASI SFOV 
mixing ratio 
(g/kg)

ECMWF mixing 
ratio analysis
(g/kg)



Summary
• Algorithms for hyperspectral IR SFOV approach 

is developed for retrieval of sounding, surface 
IR emissivity spectrum and cloud properties

• AIRS and IASI show promising on applying the 
algorithms to the hyperspectral infrared 
radiance measurements

• Focus will be on cloudy sounding improvement 
and impact on hurricane genesis, intensity and 
track forecast in our future work
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