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Empirical Orthogonal Function (EOF)
NAST-I/AIRS Regression Retrieval

For clear sky and opaque cloud:

Psc 0
R=¢,Bg 1.~ IBd T—(1-£,) T, de T*
Pac Ps,c
Radiance EOF -
. .=>» RE.
Amplitudes G JZ_:‘ i
To ! Retrieval
ES(V) , _ n— reva
T, [ = 2KnC+KmPesolution
Q(p) | )

R =radiance

& = surface or cloud emissivity

B, . = surface or cloud Planck radiance

T = transmittance between aircraft and

atmospheric Pressure level (P)

T ~~atmospheric transmittance between
aircraft and surface or cloud (Pg

T* = atmospheric transmittance between
surface or cloud P and aircraft

P,. = aircraft pressure, P, = surface pressure

R = radiance

E = radiance covariance EOFs

C =radiance EOF amplitudes

T = temperature

Q = H,O mixing ratio

K = regression coefficients

» Physical Regression — EOFsand regression training based on calculated radiances
« Trainingincludes cloud, sfc emissivity, sfc skin temp, and solar variability effects
* Null radiance errorsassumed for PC specification and regression training

 EOF # selected by spatial radiance RM SD (observed minusretrieval) minimization
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NAST-I and Al RS Spectra and Retrieval Channels
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‘ AIRS, NAST, Dropsondes Used for | ntercomparison |
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Retrieval Comparisons (Full Resolution AIRS vs NAST)
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Some Differencesin fine scale structure but spatial average isin good agreement
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AIRSvs NAST (with AIRS noise added)

AIRS MEAN AIRS Temp Deviation from Mean (K)
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AIRS level single sample noise upsets spatial continuity of small scale vertical features

NASTI MEAN NASTI Temp Deviation from Mean (K)
207 :' :' 20 | 4
_ Dropsondei ‘ . .

T s 15 12
£ | 5 5 _
w SR
B 10|t — 10 - 0
< E

D[ PR iR 5 -2

ol . 5 0 ‘v_l

200 250 300 20.4 20.6 20.8 21 21.2 21.4 21.6

Temp (K) Lat. {deg.)



‘ 3x 3AIRS Average Vs NAST & Dropsonde Cross-sections ‘
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‘ 3x 3AIRS Average Vs NAST & Dropsonde Cross-sections ‘
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‘ Temperature (March 11/12, 2003) |
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‘ Temperature Deviation (March 11/12, 2003) ‘
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‘ Retrieval Comparisons (Deviation from thel\/lean) |
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‘ Retrieval Comparisons (Deviation from the Mean) |
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‘ Retrieval Comparisons (Deviation from the Mean) |
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Conclusions

Al RS provides high vertical resolution sounding information
The vertical structure radiance signal issmall (<0.2 K)

The vertical structure signal israised above the noise by
compressing 1000s of spectral radiances into 10s of
pieces of independent information (e.g., amplitudes of
radiance covariance eigenvectors). Thisresultsin alarge
S/N advantage [e.g., sgrt(1500/30) =7]

« High vertical resolution soundings can be retrieved down to
cloud level by including cloud effects in the formulation of
theretrieval algorithm (e.g., include cloudsin the training
of the EOF regression algorithm)

Small scale horizontal features are resolved in AIRS full spatial
resolution soundings

The challenge for NWP: to capture the high spatial resolution
sounding signal, for both the clear and the clouded atmosphere
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