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Assimilation of hyper-spectral AIRS brightness temperatures based on
generalized variational assimilation and observation error re-estimation
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Abstract: Hyper-spectral Atmospheric Infrared Sounder ( AIRS) mainly covers the CO, and H,O ab-
sorption bands. Different from CO, channels, the brightness temperature bias of water vapor channel
follows non-Gaussian statistics. In order to use AIRS channel spectral information effectively, new al-
gorithm research is needed, two methods are presented in this paper: (1) Different from the observation
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error of the given spectral channel remains unchanged during the classical variational assimilation mini-
mization iteration, the paper based on the posterior estimate of variational assimilation, namely, obser-
vation error re-estimation, re-estimating the channel observation error, which is then regarded as the
weight of observation to the objective function of classical variational assimilation; Observation error
re-estimation can be used to identify the reasonable observation errors which can fit variational assimila-
tion model better. By using the weight function of M-estimators ( L2-estimator, Huber-estimator, Fair-
estimator and Cauchy-estimator) to couple the classical variational assimilation, and then obtain the
generalized variational assimilation, make it Non-Gaussian. Re-estimated the contribution rate of obser-
vation terms to the objective function during each minimization iteration. The simulated brightness tem-
peratures of AIRS are used to conduct ideal experiments. It is shown that two methods of observation
error re-estimation and Huber-estimator can provide better results than the classical method. We diag-
nose the impact of observations on the analysis with degrees of freedom for signal ( DFS). The result
of diagnosis shows that two methods can increase the available information of brightness temperatures
of water vapour channels during the assimilation process. Furthermore, the analysis field obtained by u-
sing the algorithm (observation error re-estimation and Huber-estimator) in this paper is compared with
the temperature field of sounding data, and it is obtained that the Huber-estimator, which generalized
scale is set as 1.345 K with the best effect, which is set as 2.5 K latter, and the observation error re-
estimation is better than classical variational assimilation. The effect of 200 ~ 750 hPa was relatively
significant. The retrieval temperature at the surface and around the tropopause (80 ~200 hPa)is less
than 2 K based on Huber-estimator variational assimilation. The results of this paper can lay the theo-
retical foundation and provide the algorithm reference for the variational assimilation of hyper-spectral
data of Feng-Yun 4A and Feng-Yun 3D satellite.

Key words; hyper-spectral, non-gaussian, generalized variational assimilation, observation error re-esti-
mation, degrees of freedom for signal

PACS: 42.68. Ay, 78.20. Bh, 92.60. Vb

RGeS A , AR A BRI 2> 2 R AR Z A7

T

AFER.
B TR R EAR MR R AL RL I A, T TEZE mGIE ATRS 58 18 fe b 45, 38 3E W

IR 22 BE Ty 2. H Al By 2 82 [l 4k

I AEARRIZEAL T RS TR, Bt R LLIME
Ul PAg S OIS NG9 |V QRN E AL (AL Y S
HESAE I B 3. 5 48078 #h 3k W I £ 4t ( Earth
Observing System , EOS) 2 — i T & Aqua 195 G iE
KA LA ) #% ( Atmospheric  Infrared Sounder,
AIRS) , R HLLAM 3 e H AR 3 650 ~2700 em ™' 41
A Xk, 2378 ANl aE 3 2 w6 K €O,  H,0
RIS CO, WG . B ALRS 2 i i i 78 43
[7i) Ak B8 52 T8 T A A DK A 174 A A= T B R B i 4 5
%4‘%\[2].

PR (R WBCHL G B k) RO = B
G2 AR A AR B E 2 — 20 S B L
B BRI, R 22 M A IR v oA, B Hi
FRMA” . A48 3 [RAG B, QSR SR 7E 2 B, )
ARy [EIARAS B Y 5 U 2 B0k TH 45 R RBAR , A
XFiE N Gy Rl Ak &R GE Y ATRS B RL i 47 BT 2 45
AR BT R BRI T — SRR R

TEAS G /MR R T WL 5% 22 4 5 I —
FEARFEANAE . Bormann 2RI 5E 10 45 H 7F T0 AL 8 18 52
T 2= DX ] A Fof 388 T 1) 52 0 i AR DG M, Sy T B o 3
[ R AH DG , HAE SRR R ] T Desroziers 254 Hi Y
LI 5 22 7 A 3 kL AR St S T I 5 IR AT
EOERE AIRS iR 22 EAG 1

E NS 0T TR A CO, St i 1 28
ST T 2™ . % i 3 E s AIRS /K 50l i
SEMRANCAT LASR LT 2200 A5 B, L IR B AR B R
A FEAE . ZK R I S8 R 5 A A B AR AR AR AR 2
PESCER, /N 3 1 B 78 2 S SRR S i D 22
(w22 2 SR W E—BELE” , BP, O—B, 1t 4b
“ir 227 T BEORHREA E SCH ), DT K YR E
TH 5 T 22 S B R AR = e H AT TR KRR E
el oy FALOE T TARR A, B4 Smith 25 [F 4k T
B R M #% ( TIROS Operational Vertical Sounder,
TOVS) 1 /K 75 i i85 . AMSU ( Advanced Microwave



466 4h 5 2 K F W 38 %

Sounding Unit) —B ({4 42 5 11 H1 MHS ( Microwave
Humidity Sensors) 5EH}, (36 T 4UE KR - Hr il
O RNE FE 357 5 James 45 36 450 7 Mg i 1 i
IR T RIS AIRS 7K 58 38 %OBHE NCEP ( Na-
tional Centers for Environmental Prediction) 4FR 4R
KRG FACHETE A5 T 7K PRGE T8 [ A 8 T
KR T 5 i 55 AR AR i E 2 G AR FIHE BE L Ja-
cobian #i AR L ME %, 4548 43[Rl 4k H bRz R AR
MR /K PRI T 5 A 22 J S 1 O 3, Bk
AR S g s AU S Fowler 2578 H S0k Hh 3
HE S B I BRI AR A, HLOTF R T HE s i
LI 5 22 363 A5 43 R AL S B . ok T e 00 A
FIH ATRS St 8 (5 2., 7 A7 & i H,0 Ml
B CO, SHIEAZ S3 R A AL 1 5 0 IR

Wang Fl Zhang & )7 SCAZ 53 IF & 1 & 6 1%
ATRS ZZ =52 W BORHE m i R BIFE , AR SCHE 7k
SLmlt b R oy A IS B A T - WL R 22 HAG T
Tk 48 s oy [ AL TF 8 AIRS 38 38 52 5 [5) £6 F
FEOT AR XA A AR SR b TS A
(Degrees of freedom for signal, DFS) ) “ 44" 3¢
KT Pe e I i ATRS AR [A) AL 5.
MCAIRS 2B H %, 8 SCh AR B 2 i
SR GORNR B G- TR L 43

1 TYXESELEBEREERNIREEMHIT
Tk

GORMZ 3 ARG e ™ B Gk, MU
—UIRTAJICE AT A 5 Chn HL I AL B
Rz s B AE) 50055 (AR 5t )
HEATA RO R T BEHERR M Al 5 — B 20 KR
IR, S B E R PR AR 36 5 e 9 200 (L (B R 23
%)[12].
1.1 ["XESELELR

IR I A i R AL o 2 A E LR P e , UK
VR T R O 22 MR AR o 7 43 A 1 AR Sy TR
PERER ] iF e T i 22 5 397 A0 A s 307 A AR AL, 7E X
jq[3,5]:

J(x,w) = %(x -x,) B (v —x,) +

SLH) =y, TR H(x) -y,
(1)
St x SRRV, TR B AR SPBIEY

S R R 22 P 5 22 R R 5 00 (r) AN I 1, /R R

WL RS F AR Z o8 89 STRRA s EAR - 1 AT 23 5
PN BRI 5y, 2 TR 18 18 W e i
CEI, e 8 B o 7 e gl B EL A T S ) s H
JE WL AT~ , S BS54 5
5. AR H 2R Tivos M 55 T ELER I 45 58 51 4% s
7 (Radiative Transfer for Tirosn Operational Vertical
Sounder, RTTOV ) #4301 5 /3% AIRS 22351

w(r) = (12

Hrr p(r) & M—AfiH S R &L, A< SCR H Huber—
it Fair—A{i1 | Cauchy—Aft i1 #1 12 — fili 3 (BRI £
ARG P s d SR SRR s (r) X AR R
JLEN w(r;),r, = [yi - H;(x) J/U-i,’yi Al H,(x)ﬁ'}’%lj
FORIEIE ¢ VLI FIEALLSE IR s o, SR LI 5 22 5 AN
Rl w BA BT DIRE , Y e 22 M—Al
T SOREE el N 3 R AR BRI R
M) , >4 i 2 TG BRI IRE (— + o0 ), 03100 61 368 8 52 U F
HARZ sR A2, NECFRGE T B th % w PR &
BRAG ™ /IVBE R B30l %o 722 4[] Ak 485 SR i) 52 i) . AR A
Fw(r) 7E) AR5y HEREZ st /e kA 7 rp 3
AT, ShA AL UL T H AR1Z pR 0 STRk R 28
AR oy AL w () TR R H L X AR A SCR
BL T2 072 53 [ A A DG A

TE) X2 Sy TRl A v, M—Afi A5 i pR 45 ) 328 B
X ORI 35T B3 ik R A T 2 O T 2E. X F Huber—Ah
P17 SCAR 53, LI AR H0L 5 R AR 22 3 /N HLAE T SUR
JEJEEIN A w(r) =1, RS54 T 28 AR 5[]
74, REAE I G 28 53 [m] A 1R A 22 8 97 70 A1 5%
Ak s ML AL HU 5 IR i 25 3K, FLAE )T SCRUBE i [l
A w(r) £ 1, BRI SO 43[Rl A, I XoF
H, 0 38 8 5% i 28 43 [a] 46 2508 8 25 (0 AR S0 36 3
9.
1.2 THENEREMAIT - MMREEMITHE

T Desroziers 238 1 19771 X i 61
ATRS 38 T UL 152 22 A T E Al . 207 e T 2 AR
g3 Ak (L2—fhi1) ARG Al T BRE B . 35 ¢
Seiim2E d, (0 - B, B i Slscif) & W
DU~ T 5 e i 380 SO0 2 () i SO0 5 48481 11
2E1H.

d, =y, -H(x,) - (3)

HEC (D) T3R5 209 53 B 5 A0 52 3 (UL AT
A (D) R L2—Afi1t) , 15 252 il w25 d, (O -
AL A K RAEIE R BTl 2 i)

da:y()_H(xa>zyo_H<x])) - HKd, )



1 ORI SO RIRE AN DL AIRS SR 467

FETFIRZ T 5 AOIIN 52 22 AN FH 2 e eh
SLIAE A A 53 Bl 5 B SE iR 22 0 7 2 D i ok, 78
ML 2 ] A

R.=E[d, d,] , (5)
Hrb B 2BUF I BRAE; R, Oy E AT S 095G
AIRS Wi 52510710

TEMI R 22 FAS T H (x,) B OCHE. BaE
THRSHE BRI A S, a2 s R4 Jaco-
bian Hi FEFIR A o 72 b 28 8 — B i L 555 B, 2o
TR mT LS A AR5 25, DA 3
NI,

2 Bk AIRS REIRE XFIREEM
TTES R

2.1 HXEZEBENA

SCHLE P 4 5 AL S A S RTTOV!S (I ik« ht-
tps ://www. nwpsaf. eu/site/ software/rttov/ ) F145 /3 [F]
LRGeS BEAY. A8 S5 [m) A0 A5E AL 7 KR 2500 R <
% T2 W % it ( Numerical Weather Prediction Satel-
lite Application Facility, NWP SAF) /N B & i — 4k
AR5y (1DVar) Z 4530 I (AL : hitps : //nwpsaf. eu/
site/ ) YEAN B2k«

(1) A2 g R s )7 B W U O,
JEERZEAT 10 mU (10 mV X35 | Hb 32 R R A B2
A

(2) U5 22 M7 4y [ Ak B A iz o FURH . A6 B
awm M—Afiit (12—Ak 11 Huber—f#i 11 Fair—f#i 11
I Cauchy—Aiiit) |7 LA 7y [ A ALAS.

(3) AU 52 22 o Ak i+ AR PP 42 11, DA S Bk
R T S ) S e I B AR
2.2 BEREHE
2.2.1 Sk AIRS RILBEAEGNA

SCOh AT PR AR TER M - Al
S IF R EDOGIE AIRS B R F AL B AR K. i T
ATRS 7 [m] 38 38 2 5 45 31 19 i 2478 73 [F) Ak B3R T3 4L
SRANIR] DRl 0 75 3 3 i A 8 9 I, 75 3 3 1 R 44
B SR A R S RTTOV IR 228 KA H & 5
FEAGR A E T, P TR A 3 18 SR A E RT3 3 A
ORI BT B T AT R S B %
Joiner Z52% 34 1 T4, BEHL AIRS 281 /4~ilig "7, 3
T2 EARUE R U LR AR S A& A 8 X RTTOV 3
AR BB SE IR 3 A DL 1 (Y =B R

M T ATLUE Y 1% 281 ANl F 8 17K
I CO, H,0 Jifk CO, FlHhZRINHE X I ZESEAT)

800 1000120014001 6001 8002 0002 2002 4002 600
P /em™!

BT il AIRS Sl Fin B A8 3o 56 i 3 3 53 A1 (3 1
HESH 1T T RR)

Fig.1 Distribution of spectrum and channels used in the
ideal experiment of hyper-spectral AIRS ( The channel com-
bination refers to the results in Ref. [17])

SCAS Ay AR 22 FAL T AR A S I, s A
BA B AR
2.2.2 THRMUESBEEFMUNZIENTA

TR R AL o M, 8 BRI | A B 2L
S Bl 55 EAE A 43 [ A I ¥ 55 37 38 o B0 fH R AU
AEFR [F] 4k T4 8 H & 5 A5 2. AR SCfR % Fow-
ler'™ Pavelind %[18] 1 Noh %[ZO] 2 FE R T E
TEREGAEI ST, B 1D Var 5 77 42 5 v (19 B
LRAE R A SCRIF S 8 LS YRR R 32 JE £k, AH L 1Y)
RTTOV APl A o FLSE7 Sl U527 i A
Y3 AR e 5 TS I v T B LR 22 4 D 15 SRR k.

5 CO, @B SE R W 22 AH L, H, O 3838 52 I i 2
MR 5 A v oAl (&), 458 H,0 Fl CO, Jd
AR A X H,0 I CO, lIE Y ST
I3 AL 7 0 1 e B BE AL IR 22 40 3 s 1 5 i AR
WIS il A

y = H(x,) +¢&R"” , (6)
Hobv,y FH () 53 500 A WL 538 15 R0 L 52 B 2 4D A
BN B S8 e, A i AN S A BE AL,
e ST BEAILER P e 0T B ATL SIS A5 3 5 R A WL T 352
220 T .

T UL I SOh R 2 P 25 B FEDG
i AIRS 18 JF G WiR 2= R 2% NWP SAF 1DVar
( ™ ik« https ;//nwpsaf. eu/site/) B A4 WP 245 E 1Y
ﬁ[zoi‘

2.3 EFTHEAERM - Bk AIRS il
MR £ B 57

VEH b3 HA SRR PE Ry 5 D615 AIRS 281
AN T 20 T RS N TSR (DLIET 2) . 1 2 22
el g 7T IR A(3) L (4) AN (S) RS )
eI 5 Ak 1t D7 B 4E 11 100 F1 2 000 A~ A 1S E 1Y
281 />3 1 H Al LI 5 22 43 A, Hovh iE 2o =0l



468 i 5 2 K% i 38 %

i AIRS 3 T8 J5Lh WL 5 22 5 21 28 R4 4R 7 5 oM 42
11 100 12000 A E G TS AWM 2. 2 45
KFEET Huber—Afii ) SCAS 43 R AR 76 M /INME 0 B
EACHT T 0 2538 18 X 22 43[R 46 B AR iz R I AUE
AN

Hlgaftiit

l(,,) 0.20.40.60.81.0
HubertUfH

04 0.6

MR 22 /K

2 DL AIRS JE WL R 2 H AT Huber AU{H J3 BT
Fig.2 Re-estimated hyper-spectral AIRS channel observation
error (left) and weight estimates of Huber-estimator ( right)

M 2 ZEmT LU Rl AIRS 1) CO, i
WS (O A AE 15.5 F14.3 ) 38 78 T4 1100
T35 2 050 S e LN 15 2 A BT AR, 158 28 4 [ Ak J5
B AT N T CO, W 18 38 5% i % H AR IZ 2R
DR H, 0 BOfealy (P K AE 6.3 wm) 38 18 5
fliT iR 22 AR I, Ul B E Ak S B AR T /K Y0 1 5 1R
XFHPMZ R TTEREE. INEL 2 A5 AT DLE TR B bRz
BRIBR /M) h 325 AT 7K VRO T 2l 10 T 5 IR g 22 4
R AERTHR , 3 BC T H/IMUE, X 5 22 BDK IR E
T2 FAN T A BAF By — BOPE. (H0 I 52 22 Al 1
J& , m G AIRS — 26 b R AURGHE & (0K 4.0
o ) LI 5 22 (i 2 /D T R IS Ah B S R I
R Bl AR AT G, Jm 5 i — 2D R AT
%3].

2.4 BRI T 5 EL R T b 5 4 B W 3% 4
Xt 53 17 35 % NS Wi i 5T
2.4.1 THRUMRSIFELER

PRISR I 100 012000 A FEA UL 152 22 H Al 1144
FAYE OGS ATRS 38 18 52 22 4500, P AS S H 25
T 100 ZRERL G E L. A8 S Rl Ak DG AIRS
281 ANiEIE , i 7R UL 2 ) X O AR R 22
( Root—Mean—Square , RMS) . €] 3 45 H T A [6] A8
Sy A5 vk R Sl L AN 1R 2% RMS.

M 3 AT LUE Y, B2 T Huber—fti i1 19 58 1 A2
SRR B, B K PR M A A 23 T 1Y) 5 1 J
THRCRALZE AN W 52 22 F AL T T2 M2 43[R AL 5
Xof 1 AR B S, A B T Huber—f 3109 )

Cauchy-
Fair-{i1

06 07 08 09 10

{[=]
Fair-fif i

04 05 06
Z=RMS/(g/kg)

K3 s AIRS G e (B0 K) R (LK) Al
MR R 2% (HA7: g/kg) RMS it

Fig.3 Brightness temperature ( BT) of hyper-spectral AIRS
(unit; K), temperature (unit; K) and humidity (unit; g/
kg) error RMS statistics

ARGy R A 8CR B -, JE AR K IR ety (LT 3
MR AR AC ), LI 5% 22 L AG T ROR k. Fair AN
Cauchy— it 2CR 8 22, Al g5 HACHY ok K70 A1 [
AR

s ZEULI 2, AR SO S e i Y O ik o 5K (1)
H o e B/ IMEIE AR 2 73 B 37, AE LI
ZS RIS H (20, ) 7 TTE Ao 25 B9 o 5 5 e S D B
FAEAG A B2 i o 3 (1) P Yy, 225 AL g AR
e e A A )7, (A B A v, QL E B 4R
G5) 5% LSRR BT AR I s [ i A H
(x,) HEIIM y, HHEI.

SEAT ISR LI 8 22 EE AL 3R 22 s 2 ) 1
(L2 = filiit) 20 #5075 5% o o WL 551 B0 3
WU 2 (], BT LA TR, R T a) e 3
. BT Huber—filiat )™ S8 7345 18 18 52 i fi 22 ¢
R IE X FARIZ B 5 RR R T /MR T A 2 1
aod o 4% il 1 R s A e A/ MR A R AN fi T Ik
sl fi B, RS 2 U oy R AL R0, A
KA Bt 5 063 AIRS 8 7R A5 8,
A i i A K Y 5 R



41 TR AR T OB AR ZETE A T EDLIE AIRS il iE S R L

469

2.4.2 M—itERERFIERASSH - Wit B
RZERKEDNTEMIT

Bl 4 25 T A SCHRARR IS 4500 T R AR B A AR
Iy TR /IME AR A b ATRS 3 38 28 % H bRz
PRI DR 8 5L F Huber F1 Fair—Al; 71 45 p& £ (1) 2 Ak
(B, 25 Hi IS 143 (JE %L 104015 em ") F38 38 200
(P #1524.35 em ™) e/ MEaE AR B AIRS 38 8
TR, AR A 185 YA 217 k. AR A2
T XY B3 S TR RAL T 25% B, TR A P o S S
B AT S S AR 1% 3 38 2 TR RT RE AR 4y Rl Ak Al

K IR AR 25% LB ) .
Huber-f#i i1 Fair-fti it
1.0 —— 1.0
+ 08 T 143 + 0.8 JHIES143
= 06 = 0.6
Z 04 2
& o[~ " T B
037 73 109 145 181 04787 130 173 216
BRI EL BRI EL
Huber-1iti 1 Fair-fii it
1.0 1.0
E e 5200 ﬁé U8 32200
0.6 # 0.6
= 04 & 04
I R
073773 109 145 181 0
24 87 130 173 216

IR E IR H

K4 LIS H bRz oR STk A s A A T
Fig.4 Dynamic re-estimation of the contribution rate of obser-
vation terms to the objective function

M 4 7] LUE B0 5 =AU, B T Ok
ATRS 38 38 WAL APL 52 T Al 22 (O = B) B0K, i 18 51
BRFAEB/ N, 705 e AL T8 SO 4, Hiflw 22
(0 —A) Bk A3 (0 R LRI AR 2) A
U TE SRR B (R BN AR 3 FIE 4 &5
VB R A3 B Al 0 3 5 R A 8RR R KR
T T ()4 R0 A8 2 RO O S . R P 28 3022 - [
b, B 2K PREE A B PR BT 4 1 B8 22 i 3 03 A
1B BT B T IG5 1 AR A AL R e

RN SFHT AIRS 281 /il 1 7% 742 43 [A) A6 v 4
AT ol PRIV g 2 SO 454 388 3 AR X2, A
YHE T 5 H i E (Degrees of Freedom for Signal,
DFS) 3R FH 3 397 41t 3 60 8 (i3 3 7 36 ) JF il 3
TRXF 43 BT 375 12

5t AIRS 3838 @ (19 DFS S0 % 77 43 He DFS_
Channel, 5 X H:

100

Y DFs,

i

DFS_Channel, = W x 100% ,(7)

Y. Y DFs,;
i=1 j=1

g5t 100 2R B PRI AIRS 281 AN Y
DFS S0 5 43 o (B4 : % ) , UL S.

L2ttt

30l <3 L2-1i it
&
< 250 3 W 2
s 20( 5 E 1
B K SN\
z 15 % B 0781 161 24T
=00 g B
0.5 L X 4
0%600 1000 1400 1800 2200 2600
HA/em!
Huber-fif I
15 . .
© 1.2 3 < 2.0
7\*\%{' 0.9 Jﬁ?*— 1.5 . .
£ 06 . B Lo ¥
m; : R 05 L :
0.3 to ¢ by s 1
50 T000 1 50020002500 900 1000 1 5002 0002 500
W B /em! PeH/em?
Huber-ffi it o LR 22 E AL T
2.0
o 1.5
= 1.0
: BR 0.5
0 0

1 41 81121161201241281
HIES

1 41 81121161201241281
IS

KIS AR LA R LT AIRS i 18 5% i X7
LE AR P iy Ty

Fig. 5 DFS effect rate percentages (unit; % ) of the
brightness temperatures of 281 AIRS channels to analysis
field in different assimilation algorithms

MBS ATRIE L, @Gl AIRS 281 /i i 3 2
A 36 K CO, H,0 AL CO, Jeikaly. [Ny gy
Al (L2—Adiit ) AR MR 22 s 307 o A ABUE 119 S B
P Z AL T K CO, liafRa , ifi H,0 il il
PEAF R RZEREM T, HE R T H,0
THEWLI 5 22, B T H, O Sl E 52 IR H bRiz ok i
STk, B RAE TR 2 1) H,0 Gl i, Huber—fliit A%
W A4 KRR BIFHEAT TR i 22 23 TR A .
M Fair i1 Al Couchy —AE5T BRI 18 2H0K
P E (I ), {5 i T A pR R Y JR) R
P A S AR R A KB

3 THEESHIE AIRS ZESHIFSIR
=HRBT LT

3.1 HiEskiR
ARSCHEHR Bl 155 9 01415 (2255, 66, 2 J .



470 i 5 2 K% i 38 %

58.86) Fi1 02591 ( £% i . 18. 35, 4 i . 57. 65) i PM R
2332014 4E8 H 1 HZE 2014 48 H 31 H it —
ASH BRI GERE IZ R 2 R R B T B K W
Ul ( Y4k ; http : //weather. uwyo. edu/upperair/sound-
ing. html) . &5 it id FE Hh XF AIRS FIR 2 Y8 RE R 17
23 DUFC , SR 2 Bl ik v g AIRS Wek). 35 5037 %
Ji NCEP () FNL 43735 98kl , /K12 157 17 5331
SR AU A A O 50 26 P A (ELHS FINL Wk [
FIIRZS Ul
3.2 THREEIRKIET

AR 30 R A 2 AR A TR AR (L2—A ) |
ARG TR B A — WL 24 B ARG TR M—Adi ik
(L2—A% 11 . Huber—Aii i1 Fair—f i1 #11 Cauchy—/
T T AR A3 R SR, LA AT AR 43[R 46 )7
BYFTATYE. FERT IS 6 AIRS FRARR G S Al |, 1
BRI 5 22 F AL 1T A1 Huber—Ad 317 AR 43[R 4L T
Je skt A, LSS i A AL T 4 A S [l k.
W .

O 5 TER} B R = 6 ATRS WL A1
S RN

@ I 55« (5 FH R R R AS 1 i 55 47 d A =X
RTTOV FI%E T [RIRE 178 43 [Fl Ak R 5.

@ R ¥ AE A L RS TN TS
R CRIF SOREE () Huber—Ai 1) LA 43[Rl 4k |
R 15 25 T AT T R 28 ML AR 43[Rl 4k ) |, FF R AN ] A8 43
Ak 7 TR IR BE S AT 47 5 6 2 B R L, LASG UE S
Rk AT AT

@ PRI . i ATRS 5 18 25 Y VU fit 3145
2 GORHI R BRI TE T s AN AR S BORHE RS I
G220 T 25 ORI T 1) SR OGB4k
SN

& 4 A B FEE IR FE AIRS 281 A>3 i
LA L, SEECT 75 A3 8 A T S PR AR Ay [l Ak
ATRS BERHAL.
3.3 THEUERS

6 23l 25 T 0l 55 01415 1 02591 &5k
AIRS 975 @ XIS (O) BT (B) FA
Ie) [l £k 7 12 45 30 04 23 BT 3 45 400 5 T i 22 46 %
. 2045 AR I B 20 A8 45 [R) 4k S A 2 B4 3
Y S5 HEAs BORHE U 2 (RTTOV - 43 )23, A
0.1 hPa — 1 013.25 hPa) {25 4 X F 4. Hof,
“Huber2” F1“ Huberl ” 43 %] 378 Huber—f3+)~ LR
JEBERE R 2.5 K Fl 1,345 KB 5 “ 127 7R 2 AR 4y
[6] 1 75 % ; “ Reestimate ” 3¢ 75 WLl 1% 22 ¥ A it ;

“Sounding” /RS FOREILII F.

R 5:01415
0O-L2 O-Reestimate

O-Huber2 O-Huberl

1 6 11 16 21

O-Huber2

M
4
ey
-
Fo|
"
B
&

= vHE
UL

11 16 21 26 31 36 41 46 51 56 61 66 7175

v e
HIE =

i 5:02591

0 051015 2.02.53.0

Tk s 2 45 WHE 5B /K

K6 il AIRS 3@ if 5o i i 22 M it B 37 15 1% 23 ekl xd
e

Fig. 6  Comparison and analysis of hyper-spectral AIRS
channel brightness temperature bias and temperature field with
sounding data
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