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Abstract Bias correction (BC) and quality control (QC) are essential steps for the proper use of
satellite observations in data assimilation (DA) system. BC should be calculated over quality con-
trolled observation. And also QC should be performed for bias corrected observation. In the
Korea Institute of Atmospheric Prediction Systems (KIAPS) Package for Observation Processing
(KPOP), we adopted an adaptive BC method that calculates the BC coefficients with background
at the analysis time rather than using static BC coefficients. In this study, we have developed an
iterative QC-BC method for Advanced Microwave Sounding Unit-A (AMSU-A) to reduce the
negative feedback from the interaction between BC and QC. The new iterative QC-BC is evalu-
ated in the KIAPS 3-dimensional variational (3DVAR) DA cycle for January 2016. The iterative
QC-BC method for AMSU-A shows globally significant benefits for error reduction of the
temperature. The positive impacts for the temperature were predominant at latitudes of 30°~90°
of both hemispheres. Moreover, the background warm bias across the troposphere is decreased.
Even though AMSU-A is mainly designed for atmospheric temperature sounding, the improve-
ment of AMSU-A pre-processing module has a positive impact on the wind component over
latitudes of 30°S near upper-troposphere, respectively. Consequently, the 3-day-forecast-accu-
racy is improved about 1% for temperature and zonal wind in the troposphere.
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Fig. 1. AMSU-A weighting function of each channel (http://
amsu.ssec.wisc.edu/explanation.html).

© oed 999 da) B AT gon, 1
279 QA= HEEE o]FA] E3H(Hollingsworth
et al., 1986; Lorenc and Hammon, 1988). W&t
SAEE AEEst 8817 Qs o dA ¢
]2 (pre-processing) ZHgo] FQsjty, dutkgoz
H&ER A (bias correction; BC)S H|E3F #=29] A

= FARY ] e Fi JFE vA]
ol ASAE A2 AL FRdERd e 5
A& e ste] R ThAuligné et al., 2007; Kelly et
al., 2007; Rabier, 2011). 9= 7]”3*d (United Kingdom
Met Office; UKMO) Observation Processing System
(OPS) (Hilton et al., 2009)& AFHE-3l2L low, FHF
7)ol L ATE] (European Centre for Medium-Range Weather
Forecasts; ECMWF)+= Continuous Observation Processing
Environment (COPE) (Isaksen, 2011) A]8]-8- £33}
of Z}zte] mY A u= s A5 Fo HAg
s ettt @A o R R/ AR
(Korea Institute of Atmospheric Prediction Systems;
KIAPSYIM = SHAT AR} 71ke] A2 9] Korean
Integrated Model (KIM)<= 7123} 2 ™H(Choi and
Hong, 2016; Hong et al., 2018), KIM2] #5535} A]
2Fo] AHgEE BE ASAES AAZE 98
KIAPS Package of Observation Processing (KPOP)<
A el tH(Kang et al., 2018).

Advanced Microwave Sounding Unit-A (AMSU-A)
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Atkinson et al., 2005; Baker et al., 2005)3} (2) A=
F3} 3] 2% o)y AuolE HE 2o B
A4S &8sty AFRAYAGFTE A= 2390 W
W2l variational BC scheme (VarBC; Dee, 2004, 2005;
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Fig. 2. Flow chart of AMSU-A pre-processing in KPOP.
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Table 1. Model configuration of cycle experiments.
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Contents

CTL EXP

Simulation time

0000 UTC 01 Jan 2016~1800 UTC 31 Jan 2016

Model version

KIMv3.0

Model resolution

Nel20Np4(~25 km)L50(~0.3 hPa model top)

DA method

3DVAR with hourly FGAT (First Guess at Appropriate Time)

DA resolution

Ne60Np4(~50 km)L50(~0.3 hPa model top)

KPOP version

KPOPv3.0.01

Assimilated observation

Aircraft, AMSU-A, AMV, ASCAT, ATMS, COMSCSR,

CrlIS, GPSRO, IASI, MHS, Scatwind, Sonde, Surface

AMSU-A iteration number

1 2

AMSU-A initial O-B check threshold

1K SK

AMSU-A outlier removal threshold

AMSU-A thinning method

The pixel with its |C-B|
being the minimum

The most closest pixel
from center of thinning box

Table 2. Statistics of innovation for uncorrected (O-B) and corrected (C-B) observations according to the number of adaptive
BC loop on MetOp-B AMSU-A channel 8 at 0000 UTC 20 January 2016. # is the number, and STDV is the standard deviation.

O-B C-B
# of iteration # of observation Mean (K) STDV (K) Mean (K) STDV (K)
1 133,478 0.377 0.398 4.49E-05 0.296
2 130,818 0.375 0.384 6.80E-05 0.276

2.3 XI2Ss A8 MA

KIM VERSION 3.0 (v3.0)& AM&-3lo] AMSU-A2)]
HFRA W FEAA HE7Y AL wE ARF
3t e A5S FdseH, AtelE Ade #sko
KIMe| 5% 329 HE A553F Al2F(three-
dimensional variational data assimilation system; 3DVAR;
Song and Kwon, 2015)2 &-83}5 T} Ale]& A&
71737304 AHEE 2016 1€ 1Y 0000 UTCS] 7]
47 dd 292l Unified Model (UM) 271AF2E A
o2 1Y 319 1800 UTC7HA 3 & <t 3319
o} 71E&9] AMSU-A A2 ¥HE 7543 (Control;
CTL) o2 AdAsHoen, T4 A=< Eu|(PILOT,
TEMP, wind profiler), *]¥(BOUY, METAR, SHIP,
SYNOP), &3 7](AIREP, AMDAR)S} $14 #Z=9l
Advanced Scatterometer (ASCAT), Advanced Technology
Microwave Sounder (ATMS), AMSU-A, Atmospheric
Motion Vector (AMV), Communication, Ocean and
Meteorological Satellite Clear Sky Radiance (COMSCSR),
Cross-track Infrared Sounder (CrIS), Global Positioning
System/Radio Occultation (GPS-RO), Infrared Atmospheric
Sounding Interferometer (IASI), Microwave Humidity

Sounder (MHS)E &3}315 ). KIMv3.0914= AMSU-
A A 51089 F3lsh=t], 2 o= KIMv3.0
o] RS (model top)e] 50 km= 7FsgH7} 80 km
7 Ee7hs A A AEEE 11-148)E F
slate= Aol oj gl 7] wEelth(Fig. 1). Bla
3] (Experiment; EXP)©. 2= CTLY &Y A3 =7
o] AMSU-AS] #FAZALe AFHEA vHE7HS 4
&3t FHAAAL A-E s A AE

£ Table 19 BAI3IAT

3.1 AMSU-A Mx{2| Z2} Hlu

A5F3 A5 AT SA KPOPAA F3=
AMSU-A®] A AxE AHHEdt}. CTLY EXP
o] AMSU-A Az A3 HlaE $8te] AlolF F
Hkel 20161 1€ 20¥€ 0000 UTCS] MetOp-B $143
AMSU-A A2 8ol thsle] #2931t Table 20
A& EXP2] AMSU-A Az wE3l4o) 2 3=
ZHY EAZS HoFEr AWHA whE A A=
7} 133,47870 2 YEFFAT outlier removaloll A &=
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Fig. 3. Spatial distribution of the MetOp-B AMSU-A innovations in CTL experiment for uncorrected (left panel) and corrected
(right panel) observations at 0000 UTC 20 January 2016. (a, b) channel 7. (c, d) channel 8. (e, f) channel 9.
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(b) AMSU A METOP-B Ch.07 CmB
0.6998 mean=-6.823e-05 stdv= 0. 22.6

(d) AMSU-A METOP-B Ch.08 CmB

min=_ -0.6997 0.6999 mean= 6.803e-05 stdv=_ 0.2766
O = =

(f) AMSU-A METOP-B Ch.09 CmB
-1.011 _max=_ 1.025 mean= 1.98e-06 stdv=_0.3901

Fig. 4. Same as Fig. 3 but for EXP experiment.

O

ol AFgRA IdFE FAUALS ¢ F vk F
EXPAllME FAAIL HERAo] uEEEA 0-B
7F 2 BT A5 SHHOE AAG Y, AR
A& AHsH ngslt Zlo] gRl= et

Figures 3, 4= CTL3} EXP &9 ALRAY A5
o] mUEld 3 MetOp-B AMSU-A d 7-9H o=

ol\

O] FHEER APO]F FHIRI 2016 1€ 204
0000 UTC2] Aot} O-B check?] YAXE 12 A
A3+ CTL (Figs. 3a, by AMSU-A g 7H¢] O-B
o] -0.33(=< HF)°ola 0-B FHAF 0312
A ¢7] wj¥oll, EXP (Figs. 4a, b)2} v}Z7IA = A
A7t AYH ez AT 28y g HES
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Fig. 5. The number of AMSU-A observations at 0000 UTC 20 January 2016. (a) global (ALL). (b) Southern hemisphere (SH).

(c) Tropics (TR). (d) Northern hemisphere (NH).
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The global DA cycling started at 0600 UTC on 1 January 2016.
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(b) Zonal wind error redcuction at 800 hPa (ms™)
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(d) Zonal wind error redcuction at 600 hPa (m s™)
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(f) Zonal wind error redcuction at 300 hPa (m s™)
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Fig. 8. Horizontal distribution of improvement of analysis of EXP from that of CTL for temperature (left panel; K) and zonal
wind (right panel; m s™') at 800 hPa (a, b), 500 hPa (c, d), and 300 hPa (e, f). The RMSD reductions are inferred from the
average of analysis RMSDs during January 2016 in 6 h interval.

4 RMSDZ Fig. 791X $AWEo s Hadte] 2 Ll
A o®| w9t oA Eajgo] HHNHAEA &
&l Hkth Figure 72 AlelE 3 717k 20161
19 3 &7k H#3 CTLY EXPL] 29} FA{ntg
°] RMSD =}e](Z, CTL RMSD-EXP RMSD)Z Ueh

ZAoZ CTL 8] EXP £472] RMSD7} &5
W ookol ZkS Yl i, RMSD7F Solubd &9 7+
© 2 Yepdt) mehA %i*“ A9l CTL tiH] EXP
BEA A NS ou|sla, Mol NEFE NN T3
7} Atk AL JeRd 74 =4 2 CTL? EXP

31712458 7] 4129 33 (2019)



b .

i

(a) Bias (CTL)
avg=0.131, min=-7.514, max=2.989

A -

(b) Bias (EXP)

avg=0.109, min=-7.247, max=2.992

SRE] 251

(c) Bias (JEXP|-|CTL|)

avg=-0.016, min=-0.427, max=0.253

200

400

600

Pressure (hPa)
Pressure (hPa)

800

1000

90S  60S

i}

-0.72 -0.48 -024 0 024 048 0.72

L 4

308

[ i

-0.72 -0.48 -024 0 024 048 0.72

| - . e
200 -

Pressure (hPa)

Ny "..'
1000 ;lw

90S 60S 308 0 30N 60N 90N

. iy | .

-0.064 -0.032 0.632 0.064

60N

30N 90N

0
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Fig. 10. Forecast impacts of temperature (left panel; K) and zonal wind (right panel; m s™") for CTL (black line) and EXP (red
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