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Abstract As a part of the KIAPS (Korea Institute of Atmospheric Prediction Systems) Pack-
age for Observation Processing (KPOP), we have developed the modules for Advanced Micro-
wave Sounding Unit-A (AMSU-A) pre-processing and its bias correction. The KPOP system
calculates the airmass bias correction coefficients via the method of multiple linear regression
in which the scan-corrected innovation and the thicknesses of 850~300, 200~50, 50~5, and
10~1 hPa are respectively used for dependent and independent variables. Among the four air-
mass predictors, the multicollinearity has been shown by the Variance Inflation Factor (VIF)
that quantifies the severity of multicollinearity in a least square regression. To resolve the mul-
ticollinearity, we adopted simple linear regression and Principal Component Regression (PCR)
to calculate the airmass bias correction coefficients and compared the results with those from
the multiple linear regression. The analysis shows that the order of performances is multiple
linear, principal component, and simple linear regressions. For bias correction for the AMSU-A
channel 4 which is the most sensitive to the lower troposphere, the multiple linear regression
with all four airmass predictors is superior to the simple linear regression with one airmass pre-
dictor of 850~300 hPa. The results of PCR with 95% accumulated variances accounted for
eigenvalues showed the similar results of the multiple linear regression.
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distribution)& %™ Ha(bias)o] §lrhe 7]EA<1
FAA M8 TE3loF dhrh(Rabier et al, 2000;
Rawlins et al., 2007). H&RA o= FEFo|u 4
o] F&F AA, AHEEVL Aol wg Y =H, 5K
o7l 5 HAZ Axel wel 4 (analysis field)
of MA= §149] 7ldmrt detd  JoEE AR
E3tolA AR A A" e - g Tt

st Y4945 5 Advanced Microwave Sounding
Unit-A (AMSU-A)= AlAl Hae] oJHas&s 7k
European Center for Medium range Weather Forecasting
(ECMWF)ollA F=3]e| 1e] A el 7P & 714
£ 3 Y= #SFFT o2 HSHAH(Cardinali, 2009).
AMSU-A= Z 2|3 91480l vls| 7534 7o 9F
< AHALRE AA we vlo|ART R AL
¢ A (50~60 GHz)ol JE 12719 2% €=
(temperature sounding) A'd3} g & 2 A5
Azl f-83 379 di7] F AdS 7S Tk
AMSU-AS} 7+ W3R 2 ©F(cross-track scanning)
Ao 91 27 SRl wet AT 7)ok 4
Atele] F8} Zo] FA|(optical path length)’} B&hA
2] 5Hd (nadir)s} = 7PEAE] (off-nadin s #53F W
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157 (bias correction)ys T3] Folof g},
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3 AR AHAFE AFESoiHilton et al, 2009).
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Observation Processing Environment (COPE) A]2=%] o]
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833l 2UTh(Isaksen, 2012).
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FRAATE Fab7] g g HFI A BHES
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Fig. 1. Flowchart of AMSU-A pre-processing system in
KPOP. Solid and dashed lines are on-line and off-line
modules, respectively.
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&t oy ‘;}74]-/] FEAAE AAA doh
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W& E(surface emissivity) £ XH 259 3414
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Fig. 2. Flowchart for calculating AMSU-A bias correction
coefficients.
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Ao g Pl ezl WHol th(Atkinson et al.,
2005; Baker et al., 2005). TA4 Wil =78 HeF
BAS AN e diFiEe] AP dRANE
oA += Harris and Kelly (2001)2] t5X33]#4]
(multiple linear regression)S ©]-&-8fe] HFH YA S
£ Tatal lon, 7]Eol s ® KPOPIAM = T
A3 948 o] gl AMSU-AS] HIFRAAFTE
3l ATh(Lee et al., 2013).
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Bt fl& x27] FRAAE AT ASFTE
(qualified O-B)2 Z}zte] 278 9] X|(scan position)©ll
el 3k F 27 7PERE oA B s WS 4
3t el gro2 HASATH(Lee et al, 2013). =70 H
TS vzl &= Fh(scan corrected 0) 7] 2 7
AFAFE Fab7] flal 2de] thr174-S sk 4
Mol tf7|eo| &M 4E(airmass predictors)Z EHA| Eq
() 2 dsAdds A2 ol &dnt. o] W, #5
I w7 g e 2pelE YEill = #5580l S5
ela, 7l &M 2 AFE-¥ Harris and Kelly
(2001)-/] 850~3003} 200~50 hPa & 3-~(thickness)<}
ECMWF¢| 50~59} 10~1 hPa 537} SHHFE(X~

Xy)oltt.

Y=aX;+bXo+cXz+dX;+e. 9]

%IHJ o2 gFddgAENE SH8S R F
HE7F AFEEE o FIL 1o, 5#4Hd (constant
varlance)z nESthE 7S AAE ) TS =
HHTE 7&"”“ AP BATE EASHA ¥ A =
HAolgte 7S wEsloF B st I HEA AAE
ds & ”:]'(Kwon 2004b). TFEAEIARA L &
< W7l SHsrE 2EEte Aol IR 39
AL fs o4y 7}7@01 FEEofof slar 74]’%%76
°] % tetrhs ©o] JeB g thrldSHssst &
0] 548 & motste] ARgs|oF gt Equation
(1)01]"1 474 9] EH7]°Eﬂﬂ1:raJr é%"i‘«l =]
P3| A S Bl 712 F HERAGASLA a, b, ¢, 4,
eS T ¥ Eq. Q)¢ ol ti71E® wIFS Aljtst
Atk 714, bias]; & 973 5ol j ALANA L] 7]
A7 HFO)IL, Thickssy, Thicky, Thicksy, Thickiye B
do] t)713-S txslke t7|dSHG5E 22 850~300,

T

200~50, 50~5, 10~1 hPa S%-5 <Jn|sic}.
blClSmr =a, SThl.Ck85() + ij SThl.Ckz()()
+ Cf, _,vThl'Ck5o + d,‘, sThiCklo + e,; 5o (2)

2] AFRAGAFE Fsh= F WA Y2 Eq. 3)
3} 7o H—f@%‘ﬁ%‘] 2] (simple linear regression)S ©]
2 2 z‘HH‘*‘i :q.i Zk=+ }\L:q./do] 7

shfel d7lof Su s syEs ws) -
B #ASZTEEEHE, A A3

Y=aX+b. ©)

A Aol 1 Ee dyldZEs 247t
o] 39} AZFH Aol AAAS(Y) E BaAT
n square error; RMSE), A% 330
d9] 71284 (weighting function) 2|t}
=3E 1838ty 243t a5 Al

A244 43 (2014)

ol 4-6¥1 A= 850~300 hPa =5, thHFaA A
S 35 52 Efeke 7~99 AdelME 200~50
hPa &%, A5d F - A=l sigshk= 10~129H =)
ol A= 50~5hPa ¥, 50km ©]’d<9] S7HA di7]
S8 Wgsks 139 AdolM= 10~1hPa 57t
Zhzh e = Tk

EESL EERERCEE R ERE R REE:

o] HlmA 7kl e =YL A7)
wlo] t7)elSu s} FEugel AETRIA] A

FAAE HEs] et & e Aol AUrk 2y

[SRREA
b 54 32 FHOE o8 39 o] 542 AW
Adel 4AL shiel 3571 248 wgstA 2@

B3] BFERAATE Fol= Al HAl e ti7]d
S| A4 (principal component; PC)S ©]-8-3F
/383 A2 (principal component regression; PCR)
oltt. -Zr"él'ﬂrlir@. (principal component analysis; PCA)
o So] A ZA3S =] HESo] /R AHE
ﬂtﬂ?ﬁ]— A s 4= J\_—ﬂ_ =70l A2 WAL o
= °U4, A W5Ee] RE &4 Qo] th
= Z}S’d o2 olFATE BAZ E4HP ol th(Smith,
2002). BeF EYRHGFE Alelo] FaAdS Uehde o
ZF 4 (multicollinearity)o] EA)3HH FAHE HEE
o]g3) o|F AT 5 Jou}, FAE W] UF 5
Mo] 417 arhs Wil AUtk & Aele 41
FE=ol gk Zf-3k(eigenvalue)¥} 32 E (eigenvector)

£ 78 F Auuse Yol Eusse) A A
=S Z2te] o] LEUEE 2ol o)/ Sus
5o FAR PCPCE FoIATH FAREAL A
£ Eq (s 0] ofe] 2| FALES 55
of ABIAAAS a, b, ¢, d, eZ T
Y=aPC;+ bPCy+ cPC;+ dPCy+ e. “4)
FHREANE Fa) P AFE g (5)9 2ol

718 = HS ALkelr] 8 22 9] %—?—Oﬂ TS
HE eiggs, elgzoo, eigs, eigi s w3 ol o] &H Tt

017]/\1 blas/ o » Thickgsy, Thicka, Thicksy, Thicky ¥
FE Eq. @914 2B Hs 5o,
blaSjaS = (lj’ »;Thllckg5(]el.g85()+ b] YThl.Ckz()(]el.gz()()

+ c,-AsThick5oeig50+ d Tthkloelglo E‘/ 5 (5)

019} ko] [I1-31¢] ThFe HF27148 ol.g) A
2 BPRAASES Yo 6N 1AL Rl
azdzel 7o) NPAASE 489 83 g

(bias-corrected observation; C)3} %7] 7 X (first guess;
B)ste] A}e)(F, #5TE; C-B)E ¢ 2 T HAe
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Fig. 3. Spatial distributions and their histograms for airmass predictors for November 2012 (unit: meter).
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KPOP®| AFHAGAF7} AL A=A TAA &
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Table 1. Monthly averages, variances, coefficients of determination (+°) and variance inflation factors (VIF) of airmass

predictors.
Thicknessgso_300 Thickness,go-s0 Thicknesssg._s Thickness.
Average (km) 7.87 8.50 15.05 16.45
Variance (km) 0.09 0.12 0.26 0.66
s 0.93 0.93 0.94 0.93
VIF 14.45 14.15 15.42 13.66
Table 19141= 2012 1149 3 & A8 E o] 83)] A 7F AGEE % tiel wet gEA JERs di7]
ket 7l Sl 45| thefet AR RoET) o A7 A 1A S8 s dFd 3| A= ALt
71¢] AAFAE YERH= 850~300, 200~50, 50~5, & 7] AFHAATE 20129 119 ¢ & AMSU-
10~1 hPa =359 H#<S 7H7; 787, 850, 1505, A A= H&3k A7, AZZEL Figs. 4¢, d9t 72
1645 kmZ 7] AFo2 2445 F78 U759 2 FHEEE HAT s 109 A ‘)f—‘v—r
EAL st k. 7F 5] #AR sheolA A BF ZAHEEE o)FX, iR AHolA &
Z08 ZHEE 0.09, 0.12, 0.26, 0.66 kmE AA 714 A el xpol7b £02K o|E YER} ﬁdﬁ;@?ﬁ o]
AL A% 232 FHA4F ti7]e] "o 7t a0 Z 8 AL & 5 Aok 2y o] e 3.4
e AS & & Uk olgg EAS /i A3 F ol HF g nie}l o] HHHFE AR 7] S
S5 AARAF} AR = 22 0.93~0.949) HFE bl 3ol EABIER HIgte2 AA|
13 66 15422 v =7 -EMAE} =, AMSU-A ¥ H SAA HES A8t HIRAPATE AAA
AT ALt A F<1 7] lﬁ LTEE- A= gt & 7|0 ARy A3E H|lws)] Byt
Z_Poﬂ et AAAAE 7 lf: teFdgdel EATE Figures 4de, f&= T3 A4 0 R Ailsh AR
o Aot BATE KPOP Al=H| o] HEFRA Ao 483t 4
ea3dde sdshr] Ag Uit 5 shde = Folt}, 850~300 hPa FF-=5 th7]|«Sd4= A= s
W Me g AT 28 shie] HaeE sH Ade] HIERAASE gSAYI Y AFE
g5t Wgel o, °l U2 FEHFE AYs) o]-8&-gk Fig. 4} fAKSE 750 A& E°13‘4' 50~
£ d $23% 9388 e SPAFE AAAINA & S5hPa FFE AEE 10W AEe] Age AEFRYS
TE F9E 71&H¢k ?ﬂt} T OE gigke Hax AYR YA B A 59 E‘r. Figure 4fol]
THE ol&ste A AL tAld ¥ 3 A AFEA o]F AT t7lde AR F2 A9 5
(ridge regression)t} FE3|HE AHESh= Aol 3o HEo] o8] Al HolUL, Hit 30% ©]
(Marill, 2004). 3280 = shte] SHHESTE gt A Zf=olle &2 HEo] AlgA veht #&541
= geAgsA Y %éﬁé °l£ﬂ T3] 2 A EE o]FA Xtk 7] 4 109 A
WS AEete] AgRAATE 73§, Y oA = 50~5hPa TF5 9372tk 1:} 3417 0]
3] 2] g o]&3l ALt 71*«1 AFRAATL A2 EAEE SR e SFE B o83 dFEAA
< BAA Wyos 13 HFRAAST dee v FE Foke Aol ¢ £ A94E By ol 59
W By HEE AR E 7dSHTES] tesaididel A
P A2 BHEE A A2ATIA EE AL
32 SAN Yoz It HERMA Tl HW CIESRl=
Figure 4°141= 10km ©]3te] dfFd 2% 54S 31400 SYPATEe] teaAdd dEol o] &3t
g sle AMSU-A 5 A'd3 10~40 kme] A& A AR = SPAFE] FBBAE 2/ &S
2= EAS Wt 10 Ade AR A - & el Hlal] F8E FJAATES] BAke] o A%
AI}E RoFET) Figures 4a, b= Fig. 2¢] KPOP Al SFEAE AWel Fe ARkl Tk FAAIFES]
2HoN 27 FHAAE 538t HERA S 73 LAk w9 o, El%%ﬁ*ézi Al 3AAF
37] Ao AZZHo|t), skF 7] BAS Whdshe B9 Eato] 10w) o) FUNIE(F, VIF~10)
SM AEe AEE EFE 305 o]3e] A LEolA 71 S5HTFES] A5H2 A Zj*ovl %< Aol
—0.6 K7H] 9] ft_o‘f’] Ve, ’BL‘ 7] B4 Equation (1)ol|A t5 A3 AATF a, b, ¢, do] AF
grg sl 10 g EukE A9 Gt 30% o] S FEA YPEL o]83 S ) 'E AtErHLiao
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Fig. 4. (a, b) Spatial distributions and their histograms of innovations before bias correction, and (c, d) bias-corrected
innovations based on multiple linear regression, (e, f) simple linear regression and (g, h) principal component regression (PCR)
methods for AMSU-A channels 05 (left) and 10 (right) for November 2012 (unit: Kelvin).
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Table 2. Eigenvalues of four airmass predictors at each
satellite.
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Fig. 5. (a) Comparison of bias-corrected innovations (C-B) for different regression methods and (b) PCR method with different
number of PCs for AMSU-A each channel. Solid and dotted lines are monthly means and standard deviations of C-B,

respectively (unit: Kelvin).

Table 3. Monthly means and its standard deviations of bias-corrected innovations by each statistical regression method (unit:

Kelvin).
Channel Multiple linear regression Simple linear regression Principal component regression

04 —6.00E-3 + 0.47 —1.29E-1 £ 0.52 4.55E-5 £ 0.50

05 —4.64E-3 + 0.24 -3.04E-2 £ 0.27 2.81E-4 £0.27

06 —3.30E-3 £ 0.16 —3.17E-3 £ 0.18 1.81E-4 £ 0.18

07 8.27E-4 + 0.16 2.73E-2 £ 0.23 7.68E-5 + 0.21
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