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Ways to Efficiently Deal With Hyperspectral IR sounder Remote Sensing Data Examples of SIFSAP Products (continued from previous column)
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- Atmospheric properties such as temperature, water vapor and trace gas vertical profiles i e Js o L e

- Cloud and aerosol properties i G . L AN ? f ol
- Surface properties (temperature, emissivity, reflectivity ...) ol i gl ..................... . |
« Fast and accurate forward models are needed to invert hyperspectral data 0 S MG vl 3
- Hundreds to thousands of spectral channels with millions of observations each day T : ; 1°
- Line-by-line radiative transfer model is too slow (needs millions mono RT calculations to account for atmospheric gas spectral ol ) p ) ”
contributions) 2 ! 2 { T
- Traditional channel-based forward models are also too slow (at least one RT calculations needed for each channel 3 {13 3 E 9
* Principal Component Analysis (PCA) converts hyperspectral data into super-channels ] g i o MR 59
- Principal Components (PCs) capture the spectral correlations (remove redundant info)  — . — ——— . e . , .
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* PCRTM was first developed in 2004 specifically for PCRTM simulated and observed AIRS, CrlS, and IASI spectra o PR R T T B e ' ‘ 145 (P , AR Rl Py
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- RT calculations done monochromatically : il § : B
o Physical-based RTM and accurate relative to LBL RTMs PR [, || o 2230- . . . . . . .
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> Works on gridded L1 products directly using consistent radiative * Spectral fingerprinting errors are characterized
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» L2 products: Single Field-of-view Sounder Atmospheric Product (SiFSAP) > All parameters including clouds retrieved simultaneously , v = . “)_ .
> 3-ti hiah il luti > More than 5 orders of magnitude faster than traditional L1-L2-L3 * Information content for each retrieved variable can be determined
times higher spatial resolution . )
> Uses all spectral channel method _ _ . _ (diagonal elements of the averaging kernel)
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etrieve temperature, clouds, trace gases, and surface properties simultaneously . : T : :
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> Surface temperature and emissivity o .  The following 4 plots show the 20 years anomaly » AIRS on Aqua
> Averaging kernels and radiative kernels ool plots of surface temperature, 500 mb > CrlS on SNPP
ol | 240 temperature, 300 mb water vapor, and 10 mb C>I' Cr'? OENOAA 20 ral Infrared Radi Sroduct (CHIRP
I TF —eSFrep.en. | O L/ - = 10 _60| ” ozone for different latitude zones imate Hyperspectral Infrared Radiance Product ( )
——Null space Err. . .
0|1 —Meas Er | B S S e = I ———— = 8 -80 » Blue color lines are derived from CHIRP AIRS ; Seqlerslted bm:agfgee SC’:rongPS 4 DAAC
' . ST ———————— & -10g.5 s 5 725 506 » Red color lines are derived from CHIRP SNPP CrlS Va'_a € on ounader a.n _
(O] S - . . ()
oo i I e B O PR ——— g | S = SIFSAP Retrieved water vapor » Orange color lines are derived from CHIRP J1 CrIS The ClimFISP products has spatial resolution of 0.5 x 0.5 degree
g g || . < == < B S (g/kg) at 500 mb
= = T —— Temp. Anomaly (300 hPa) ; Temp. Anomaly (500 hPa)
5 100 o2t g gl T " & = — - { A~ 80 | T et ke Arctic . \ \ \ \ \ \ \ \ /w‘ i . ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ /‘
| -0.05 0 005 0.1 0.15 _(9_05 0 005 0.1 0.15 60 | (60° — 90°) _ y s - OWNMMW\AWWWMJWJ
Sl """""""""" 2_"”|- _. """" ) Temperature Averagmg tomd w0 Averaglng emel B i ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ' | N 20‘04 20‘06 20‘08 20‘10 20‘12 20‘14 20‘16 20‘18 20‘20 20‘22
|  Averaging kernels (A) provide information degree 0 | | E:&Bg;” Jilke | )
05 2 L Y v of freedom [trace(A)] and vertical resolution °l § o & ls (30° — 60°) \ :
Temp. Est. Err. Std. (K)  Humidity. Est. Err. Std. (log(g/kg)) * Error Estimated by the error covariance matrix is . \<\ 2000 2002
25 ! consistent with simulated retrieval known truth ey Tropical | ]
—;ottal Est. Err. -60 (_300 - 300) )
— Ier. Ir. -80 § e s e R e A e AP (a5t \\/ |
sob ff — | b b Sl o i o e
- Satellite Sensors | Original Dim PC- ECMWF water vapor (g/kg) at 500 mb Southern Mid R |
%‘; sl AL compresse d o pw—-vw*-“w”’w’“"f'«‘"w?’“"”‘”"“*“’*"’“‘"’“""‘“! I6 (-600 — -300) | /
B D i m 60 | | 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 ) 2004 2006 2008 2010 2012 2014 2016 2018 20‘20 2022
2 AOFmfr 5 \ \ \ \ \ \ \ \ 2 T T T T I I I I I
< 2211 124 ° j Antarctic g o\ ) J 3 N
2378 120 20 14 (-90° to -60°) .1~ - = O N
5r 2 P—, 2 \ \ \ ! ! ! ! ! ! ]
84 6 1 1 9 O 0 ’ i 13 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 ? 20‘04 20‘06 20‘08 20‘1 0 20‘1 2 20‘1 4 20‘1 6 20‘1 8 20‘20 2022
20 | H,0 An%ﬁﬁr 300 hPa Year
00 5 1 ()0 Oi2 5 i4 40 Arctic g: 001 \ \ \ \ — | | ! ! ! / o, anomaly (10nPa)
Temp. Retr. Err. Std. (K) Humidity. Retr. Err. Std. (log(g/kg)) 0 (60° - 90°) g OWWMWW\IJ\/MWM / \ £ | | -
1 T T T Fw\\_\’é‘\\ x w w w 50 M b S i e i T R 2 e 2 i e e el Northern Mid 5 00l - - - - - - - - - . : ;{,‘zo 2022
A —————= -150 -100 -50 0 50 100 15 Latitude :\‘@0:017 | " ‘
?,9 7( ] ' ' ' ' i (30°-60°) Lol | | | | | | | el ) & ! :
0.95 — * lterative Optimal Estimation Inversion: w0 m m m me m  m O -
i | Tropical g 0.05 \ \ \ \ \ \ \ \ \ 20‘20 5002
0.9 V\\’\ Xn+1 _ Xn — (KnglK + Sc_ll)_l(Kngl(R _ RTL) _ SC_ll(X _ Xa)) (-30° — 30°) %O o”"\/\,—J ‘ ‘ ‘ ‘ ‘ ‘ ‘ \‘ ,‘ g ) ]
> ® 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 o” -o.
=0.85r1 7 . . . = 04 \ | \ | \ L ! L !
2 « PCRTM compresses R, Se, and K into smaller dimensions o § | }
5 08 |  Applying PCA to X will further reduce the dimension of X, K and Sa sy ot f
075 e et « Advantages of using PCA 1
.ol ) —_ Dlorth Amenican land 4 > reduces the ill-condition of the inversion process o o o) . ik i é“ “
SiFSAP Retrieved Surface EmiSSiVity > Speed up the inverSion 2006 2008 2010 2012Year 2014 2016 2018 20‘20 2022
6 | | | | | | | | | . . . . .
005 0 1000 1200 1400 1600 1800 2000 2200 2400 » Easy to store the retrieved parameters with associated error covariance matrix | ~ a)AIRS Surface Skin Temperature Trend (2003-2017) o . g e
Wavenumber (cm™) CriS SFOV TCO AIRS TCO 20170612 -y - B LR S el
A Total Ozone Amount (DU) - B Total Ozone Amount (DU) 450 e . X t‘% Ry 3 0 ‘ A
50 ililiiimern v"i‘ TS NG 80 '- 4 N o I8 Bl BTG W (e
) P e g oA o e Gl (ST i, o DR I A
40 : Ll oI el il T gL RRE Tl e R 0 Vs s - W

Snisenisone s s s N WIEETac oo otonesssessesssnnssssng , AR i

" ¢ = " o B ity .
e ok LT , \ 1 | : : : o -'
{aso 20 (ks N W . i X ¥ L 350 180° 120°W 60°W 0° 60°E 120°E 180"

250 -60

20 g IR . Hhogt " 2 % 3
3 0 i ‘ IR * et T AR A : j$ A < H,0 Trend 497 hPa (g/kg/ decade)
. T U R : I s L — L
| g 300 x O 8 N - . 3
20} S| | | Y i . : AIRS V7 Surface Skin Temperature Trend 2 0 1 2 o4 . ’ 02 N
RS - | \ 1 3 i (2003-2017 from Joel Susskind’s paper) ClimFiSP Surface Skin Temperature Trend (2003-2019) ClimFiSP 300 mb Water Vapor Trend (2003-2019)
-13¢ -12¢ -110 —-100 -9¢ -80 b " -~

-14D0 -1 =120 =710 100 -%0 -80

-80 S———— 200 b= : : : 200 . |
@ 0 B 0 s 1w 10 w0 w0 s w10 ONPS TCO MERRA-2 TCO Summary and More information on PCRTM
o oon. . Total Ozone Amount (DU) - S EE s oy 5
g0 e CERESRESE [l T o i e el Pl IR Y L R ol P . . ) —
60 ' B R Gt o « PCRTM is the key component in analyzing hyperspectral IR sounder data under all sky conditions
g .... | ‘ .S 3 > 50 wavenumber (far IR) to 30000 wavenumber (UV) for many sensors: AIRS, CrIS, IASI, S-HIS, NAST-I, CPF, OMI, SCIAMACHY. ...
350 22.7 350 el A S > Multiple scattering clouds/aerosols, non-LTE, surface BRDF included
{PE a0 i SESEEE > 0.05 K accuracy in IR and 0.02% accuracy in UV-VIS (relative to LBL)
40 » | > 3-4 orders of magnitude faster than LBLRTM and MODTRAN
TUm,. e Zz—"“ o R « 2 PCRTM-based retrieval algorithms SiFSAP and ClimFiSP have been developed
450 100 -50 O 50 100 150 20 450 100 50 0 50 100 150 =0 250 300 350 400 450 > Will be available at NASA DAAC soon
O3 total column amount retrieved from satellite-based observations on Top left: SIFSAP Total Column Ozone (TCO), Top right: AIRS »  SiFSAP has generated excellent results from AIRS, CrlS, IASI with higher spatial resolution than cloud-clearing algorithm
September 20th, 2019 (A — SNPP/CrIS SiFSAP; B — SNPP/CrIS operational L2 CO, Bottom left: OMPS total CO, Bottom right: > ClimFSP h 4 20 ¢ hiah-auality i 4 ds with tont fi - thod from IR q
CLIMCAPS: C — SNNP-OMPS: D — Metop-B/IAS| FORLI). MERRA-2 total CO imFi as generate years of high-quality climate data records with consistent fingerprinting method from IR sounders

Corresponding author: Xu Liu, NASA Langley Research Center, MS 401 A, Hampton, VA23661, USA. Email: Xu.Liu-1(@nasa.gov



mailto:Xu.Liu-1@nasa.gov

