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

For clear sky and opaque cloud: R = radiance .
b €5 = Surface or cloud emissivity
S, 0 B, = surface or cloud Planck radiance

S,Cc ”S,C
- atmospheric Pressure level (P)
Tg =atmospheric transmittance between
Radiance EOF C - = RE aircraft and surface or cloud (Pg
i~ Z i ’
J:

R=¢g B, T, .~ IBd =(1-e,.) 7o IBd T* | 1= transmittance between aircraft and
¥ Fs.c

ac

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

Ts . . O = radiance
Ml _Sk c+k P Ret”e_val E = radiance covariance EOFs
T(P),| Z m 1o Tmnts Solution C = radiance EOF amplitudes
Q(P) | " T = temperature

Q= H,O mixing ratio

K = regression coefficients

Physical Regression — EOFsand regression training based on calculated radiances

Training should include cloud, sfc. emissivity, skin temp, and solar variability

Null radiance errorsassumed for PC specification and regression training

EOF # selected by spatial radiance RM SD (observed minusretrieval) minimization




| mportant Notes on EOF Regression

e Training:

- Regional (~3000 km), seasonal (~3 month) radiosonde sample

- Trace gases manufactured using statistical regression data sets

- Qurface emissivity/reflectivity spectrum provided by random selection from
the Salisbury/SEBASS data sets

- Cloud-free and cloud radiance spectra computed for each profile. Cloud
profiles modified to be isothermal (@ cloud temperature) and humidity
below cloud level diagnosed from radiosonde humidity profile

- Radiance EOFs and retrieval parameter regressions produced from“ error-
free” synthetic data

- For surface emissivity, 5 amplitudes of EOF representation of
Salisbury/SEBASS data set are regressed against radiance

- Predictors are radiance EOF amplitudes and surface pressure

- Predictands are sfc skin temperature, sfc emissivity amplitude, reflected
solar intensity amplitude, atmospheric temperature, H,O, O,, and CO

mixing ratio.




| mportant Notes on EOF Regression

e Application:

- EOF # selected as that value which minimizes the spatial radiance RMSD
(observed minusretrieval) for a representative regional sample of the
data set being analyzed

Surface pressure used in regression estimated from surface height for
standard atmospheric conditions

Surface emissivity spectrum produced using 5 EOF representation and
amplitudes predicted radiance spectra

Cloud height altitude diagnosed fromretrieved relative humidity profile and
local (i.e., 3 x 3) variance of temperature profile retrievals

Solar contribution should be accounted for by assuming that the surface
reflectivity is proportional to the surface emissivity, given the solar zenith
angle and measurement nadir angle as measured variables. Solar
contribution isincluded in the training with a single coefficient (the
amplitude of the solar reflectivity spectrum) being retrieved.




EOF # Selection Example
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EOF Reduction of 1000's of Spectral Channels of Radiance to 10’s of
| ndependent Pieces of Information Improves S/N by an order of magnitude
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Opague Cloud Effects on Retrieval
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Cirrus Cloud Effects on Retrieval
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Theseretrievals, uncorrected for cloud
attenuation, demonstrate the ability to sensethe
gpatial structure of moisture below a scattered

and semi-transparent cirrus cloud cover




Thin Cirrus Effects on Retrieval
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Cloud Height Diagnosis
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Surface Temperature & Emissivity Retrieval

Latitude {deg )

a7

aref

a4

(=]
4
P

arr

J6.B

366

NAST 296.52°K ( o= 0.54°K)
-76.2 -G —T"E-Lﬂunglh:—:[&digl =-75.4d -2 ]

4q%!!£f

rd

obs

£=(R I—AT —Al)I/(BSTIS—AlI)

Wavenumber {cm™')

———p—— =

L . e

Tl

- 35

| wat
00

EE

290

b1l

= =75.8
Langbud [deg )

=762 =76 =70 B =7ha

R —

— T
o

=52

=75

L %WL;?—_—;:n '
A L3 ab. measured (solid) —
b NAST-I retrieved (dashed) |

: : : NAST-| validation (dots),
60O 1000 200 400 1600 1800 2000 2200 2400 2600

-| 0. 364

- 098



Surface Emissivity | mpact on PBL Moisture
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AIRS, NAST, “CrIS’, and “GIFTS’ Retrievals

AIRS (1R Grating Spectrometer) NAST-I (IR Interferometer)
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AIRS, NAST, “CrlS’, and “GIFTS" Retrievals
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NAST-I and A! RS Splectrla and Retriieval Clhannels
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AIRS and NAST-| Retrieved Surface Temperature
(AIRSFOV locations used for NAST -l comparisons shown)

AIRS Effective Surface Temp (k)

Latitude (deg.)

\ e

Longitude (deg.)

230 292 2594 236 298 300

B2 -815 -81 -805 -80 -V95

MASTI Effective Surface Temp (k)

£3
2851 1...301.8K 1
el -~ AIRSFOV
; i
R
28| B
er.5f
27
£6.5 -""'.‘.
| Buoy
Pl Ve, i
Ca _ “
25.5 T Lo E_A
-8¢ -815 -81 8056 -80 -795 -7
Longitude (deg.)

290 292 254 296 298 300 302



“ Temperature & Relative Humidity Comparisons “

AIRS Temperature (14 km) AIRS Relative Humidity (14 km)
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Temperature & Relative Humidity (PC Filtered)

AIRS Temperature (14 km) AIRS Relative Humidity (14 km)
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Temperature & Relative Humidity (AIRS Res.)
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Temperature and Relative Humidity Retrieval

Comparisons (Deviation from M ean)

AIRS Temp Deviation from Bean (K}
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Temperature and Relative Humidity Retrieval

Comparisons (Deviation from M ean)

AIRS Temp Deviation from Mean (K) AIRS RH Deviation from Mean (%)
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PC filter removes noise but does not change the vertical resolution




Difference: AIRS — NAST-I
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Radlosonde M |am| parlsons
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AlIRS and NAST Date Used for | ntercomparison
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Retrieval Comparisons (PC Noise Filtering)
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Retrieval Comparisons (Full NAST Resolution)
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Retrieval Comparisons (NAST at AIRS Resolution)

AlIRS MEAN AIRS Temp Deviation from Mean (K)
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arisons With Dropsonde Cross-section
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\ Retrieval Comﬁarisons With Dropsonde \
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Retrleval Comparisons With Dropsonde
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CriSand AIRS Spectra and Retrieval Channels
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Retrieval Comparisons (Deviation from Mean)

AIRS MEAN AlIRS Temp Deviation fram Mean (K)
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Retrieval Comparisons (Deviation from Mean)

AlIRS MEAN AIRS Temp Deviation from Mean (K)
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resolution had little impact on vertical resolution indicating that full resolution NAST is
already at a very low noise level. Why??
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Retrieval Comparisons With Dropsonde
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CriSWith AIRS Level Measurement Noise
(i.e,, 0.6 K @650cm1to 0.2 @750 cmrlto 2650 cmrl @ 250K)
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Retrieval Estimate of Noise (030303)

Standard Deviation Between Retrieval Calculated and Observed Radiance
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Note that in 650-750 cmrt temperature profiling spectral region the
apparent NAST noise level appears to be much smaller than the AIRS
noise level, as shown asaresidual in theretrievals




\ Retrieval Comﬁarisons With Dropsonde \
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Retrleval Comparisons With Dropsonde
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NAST and GIFTS Spectra and Retrieval Channels
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\ Retrieval Comﬁarisons With Dropsonde \
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Summar

EOF Regression provides high vertical resolution soundings from high
resolution radiance spectra

Thevertical resolutions of NAST and derived CriSand GIFTSretrievals
appear to be comparable. NAST appearsto haveavery low
spectrally random noise level, on the scale of the absorption line
gpacing, since little changein vertical resolution resultsfrom
spectral and spatial averaging of the data.

Adding AIRS level random noiseto CrlS (smulated from NAST)
radiance spectra produces a vertical resolution of theretrieved
profilessimilar to that displayed by AIRSretrievals

The high vertical resolution of the NAST appearsto be dueto small
spectrally random noise, on the scale of the absor ption line spacing,
as shown by the small spatial standard deviation of theretrieval
calculated radianceresiduals.

Future Priority: Simulate cloud radiances more properly in

the training data set and train the algorithm to retrieve the true
profile below a semi-transparent and/or a broken cloud cover.




