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Abstract The Korean Integrated Model (KIM) forecast system was extended to assimilate Hor-
izontal Line-Of-Sight (HLOS) wind observations from the Atmospheric Laser Doppler Instru-
ment (ALADIN) on board the Atmospheric Dynamic Mission (ADM)-Aeolus satellite. Quality
control procedures were developed to assess the HLOS wind data quality, and observation opera-
tors added to the KIM three-dimensional variational data assimilation system to support the new
observed variables. In a global cycling experiment, assimilation of ALADIN observations led to
reductions in average root-mean-square error of 2.1% and 1.3% for the zonal and meridional
wind analyses when compared against European Centre for Medium-Range Weather Forecasts
(ECMWF) Integrated Forecast System (IFS) analyses. Even though the observable variable is
wind, the assimilation of ALADIN observation had an overall positive impact on the analyses of
other variables, such as temperature and specific humidity. As a result, the KIM 72-hour wind
forecast fields were improved in the Southern Hemisphere poleward of 30 degrees.
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Scatterometer (ASCAT)Q] 345 A5 5| AFE-E oA
gk}, #<oll= Atmospheric Laser Doppler Instrument
(ALADIN) #}29} 7] $J4Jell 5% AlA(active sensor)
¢l Zheoltklidan)E A&tete] vigt A8 E ASsPI=
sl=tl, ALADIN A5 $4d004 =3 ti7]e-5
HE Boh A7 s dwrt okl deiA tk(Stoffelen
et al., 2005; Baars et al., 2020). 2}t] 2] (radiosonde)
T d37ldx #53 vk R8s 5RE giE

FZH o] 9= ¥, ALADIN AEE o2 gAzE
o} PR 2 IR S} T AT & Al

I =S 7 #=E Al F-St(Baars et al., 2020).
2018 8ol TALE Atmospheric Dynamics Mission
(ADM)-Acolus 9174l &€ ALADIN-S 50.5 Hz®]

golAE 7] Foz WApste] FRtel B Yl
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=ZY aHE o83 3z 43524 (Horizontal-
Line-Of-Sight, HLOS) v}& 222 AJ2Hslth(Durand
et al., 2006; Baars et al., 2020). ALADIN 3A]A
vk Hd 90 kme] 3 g0k A EelA 30 km
(~10 hPay7}A] 3ol we} 25 m~2 kme] 17 =
£ 7 2 T2 3 2} o] th(Reitebuch et al.,
2014). gurdo g =&y ot} &2 7] F A
& Bl wet oojEEo] o3 Mie Ateta F7]
2ol o]gk Rayleigh AHHO 2 ulth, oo]2F9]
S vl o At EAsht 37 2R
vl o SFole A WAE FolliA] wfjEo
Maxwell-Boltzmann &%= X E ZF=TtH(Marseille and
Stoffelen, 2003). ALADIN®] F32Ht 25 E-L o
7] & olo]2Zol o3k W3k Mie Ater A5 9 7HE
Z2lell WA 717 Rayleigh 2152 /d¥t}h. ALADIN
vl AFE = Rayleigh Ad 2ul Mie 2dolA 4t&
gk vhghe] FAo] 73, Aeolus 914 A= a1
“T7}(descending node) Xt} <577 (ascending node)
oAl HAx}(bias)7t Atk P A UTH(Martin et al,
2021).

AlAL Hare] B s 7R FHE 7] BAE
(European Centre for Medium-Range Weather Forecasts,
ECMWF; Haiden et al., 2016)°ll4] & ol mA| 226 o]
ALADIN Zt5 5 F7I2 F3lsle W vdd &
o Z7e] QAp7t oF 2% TAsilon, 2 Hr9)
A9 9] o= %ol A=A H(Rennie et al., 2021).
T E Ao RdoAE ALADIN #=2 grjoE
ot 437 #E3 fAH FA0 vl ARE AT
se, ARERE Fol BAPe] AL o Row
Yelhstth(Hagelin et al., 2021).

E AFE= Aeolus 9449 EA1E ALADINOIA A
AR A v AR E 71 AAT A A
o 3 29l Korean Integrated Model (KIM; Choi and
Hong, 2016)°ll #-83t7] 18t 7|2 A2 FY= 3
t}. 27494 = KIM Package for Observation Processing
(KPOP; Kang et al., 2018) A]2~&lo]|A] ALADIN #=
of thek FAAAF 4 B KIM 25534 2% (Song
and Kwon, 2015; Sung et al., 2020)°|4 24+ #=%
sstelr] f1g W Y-S aolskaa gtk 3
oM KIM-ALEE3E ¢S A4S B8l Al
#3521 ALADIN ZAt55317F KIMO| 2417 9 o5
ol el mAe IS A EUTH

2. AT
2.1 KPOP ALADIN EX&Z|MA 75
£ AellAE ALADIN FHAIA vk zbge] A
282 98 KPOP ALADIN &S Fig. 13 722
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Fig. 1. Flowchart of Aeolus/ALADIN pre-processing in
KPOP.

s5==2 /L3t Level 2B Binary Universal Form
for the Representation of meteorological data (BUFR)
o F&3F AAAFEE= FHh 2} HAAH(gross check),
w737 7 AH(background check), €501 7] (thinning) 5
FHAAAE AAX KIM A5 F3A 25l A3t
2 A5EZ AEET) Level 2B BUFRIIE 25/
Y(estimated error), A2 %= % X (confidence flag),
A H (classification flag) & #5¢] F23 AA
g WgEo] X3 3tk KPOP 3& #E
°] ECMWF BUFR HEEZ o|&d] o]& WHE
FE3 & FAjoxr fJAE FAE3TE KPOP
A& BUFRO| X3td 75 ARE o8l 75 F7
of m& A FAS vwe ¥ oE dY 71H
I mRRAE F5 A9 Mie A Ase A
(clear-sky) X19j2] Rayleigh 24 AEE A=3AH
(Rennie et al., 2021). ALADINS Fiabeh 5= 28
A st HAoA AHAA WALE = o] S
7] wjol] AWol| 717k #Se] FHo] 4] &

(Rennie and Isaksen, 2020). ] 22} AAFA 1km
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Fig. 2. Spatial distributions and histograms of innovations (i.e., O-B) for ALADIN HLOS wind observations (a) before and (b)
after quality control at 0600 UTC on 16 June 2020 (Note the different x-axis ranges for the histograms).

= #ZF, LHFFAFC] AUAA ZAY AlE=rt @
L F= F3E(calm wind) #Z 55 A ASA

ALADIN®| A4 vhgh AR(HLOS,m)E A
s3lsbr] fla B AFelMe A1)E ASFAMAE
A3} tH(Rennie and Isaksen, 2020).

HLOS,,,, ;= — usin(@) — vcos(p) @)

o714, o= 9442 Wl (azimuth angle)o] L, us} v
£ 54192 (zonal wind)3} ‘F-E-H}l¥(meridional wind)
olth. &, wi734e] u, v} Aeolus®] HHIZHS ©]&-3}
W FHAA vl 2ol Wggte] shEsith #E
A w7 AARE 8 FAEY |HFEES T
W g A e g yitste] #5 f1x]eF YAAlY
W W3S w8 Al = 5 oA
o) o)zt 20m 57 Bk E #EE AASGL, B
2] (analysis window) HHE ZHshes FHEFH(+3.54]
7k o)ZhE Al A AT

tFst FHAALE TS 2 749 B0l
#AZE Aol 7HAo] YR =HWEH ¥t
217y ket B4 Aol EojdE  lem
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HE2 AHE 5SSt FojolA] AT = A
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#=2 Rayleigh AL Mie NdAA Z}2h 1.8~2.3
m s'9 1.3~1.9m s'9] A7} E2AToL LA Q)
TH(Martin et al., 2021). ¥ I E KIM v 434S
o]8-8F ALADIN #Z29] HAE 43514 2947] o
ol KPOPoIA AA st 3 atell % 42 4(inflation
factor)S w3l AEF3E AT
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vige 2 Wsvh o] W] AR5E wEdl
HE AFR8e 918 B304 Basi. i
T ArE B2 FRoR WA A V2R
£ A A AL AHgTlel Bruse 3
AT, AN RS ush v AL o] &)
@5t ol MR B oz Falol spsehvl, ol
FHA vk W] AP H5A 4 K (tangent-linear
observation operator, TL;;05)% AFHE-3FTHRennie and
Isaksen, 2020). o] ®, Z} WF9] Hol= A1)+ 54
3, st se KIM #5538 H a8t F4eA i
Aste wst v W] TEE ougit)

TLy10s = — dusin(p) — éveos(¢) 2

t )y b=

1> o

of,

=

21(2)9] HkAZ=<A 4k (adjoint observation operator,
AD, or AD)= T3 7t}

AD,, = - SHLOSsin(p) 3)
AD, =— 6HLOScos(¢p) 4)

HYBEANASE FAEANA e 2 zekel

1 O
ASE 7R F KIM AEFA 250 e =
E°] ALADIN #33 #dd Wss F7lsidith. 2
T ue #3553 W veRE Has AtS 73
s wgsr #d BES eIt vdskr
FHas Aol e WFedd oieds Fal W
ARRE AR F HH o] 2l 2718S ARteiA o

2.3 KIM &=&t0|SA|ARIS| ALADIN X255t

ALADIN #5533} dsS AHu7] fla 71743
Ao BrdRl KIM WA 3.65 ©]83) 20204 6Y
162 0600 UTCH-E 7¢¥ 31¥ 1800 UTC7HA] KIM =
Sl = A S ST KIM €9 AFE 53 3t
o|BI = 431 YIFE-HE(Hybrid four-dimensional
ensemble variational, Hybrid-4DEnVar) 7% ol ]3]
2 Ao = ALt BlES Atel] flaE eSS
X351 ¢k= 3% HE 255 3}(three-dimensional
variational data assimilation and First Guess at
Appropriate Time, 3DVar-FGAT) 7|22 H3S &
et} o] w, 6A17F B4 W] ujA 7w
AzEsho] o gatul, KIMe| FHeFEE 25km
(AU 12km)o]3L AtEs3te] 8 == 50 kmo]T}.
FE AUCTLAAE 2 822 grjozy, A
2 519)el, A 3(SURFACE), 387] Ash 914 #
=21 Advanced Microwave Sounding Unit-A (AMSU-
A), Advanced Technology Microwave Sounder (ATMS),
Microwave Humidity Sounder (MHS), Infrared
Atmospheric Sounding Interferometer (IASI), Cross-
track Infrared Sounder (CrlIS), Scatwind, GPS Radio

k=271 4beks o] #3215 (2022)

Occultation (GPS-RO), 7] &5 E A5E 53513
3, ALADIN A% #4& 93¢ vlw AT (EXP)oA
© CTL¥ 53 2% A ALADIN #A&-531=
& th CTL¥ EXPO #4174 A5 Integrated
Forecast System (IFS) #44-& 71522 §F FoA
FH 22 (Root-Mean-Square-Error, RMSE)Z ¥ 715}
o, ol5 fl8l BE FAFE 0255 A= it
shodth. KIM ol 578l tigh 452 KIAPS HSA| =
H(KIM Analysis/evaluation Tools, KAT; Lee et al.,
2016) A 3.65 o83t AZ|EAH FAHST %
IFS 417 ] 7S] A5 F7HEEe) gk 4
= T8

[

3. 41 2 E9|

3.1 ALADIN X253 M5 HZ

ALADIN®| A1 vigh A57F HAH o2 53}
HAEA AHE7] fl8te] CTLI EXPO #454E
(analysis increment; Analysis - Background, A-B)3}
IFS 47 tiv] KIM £4738e] oA} HAE v|ws|
Bkl ECMWEIAE 2019358 A GA 240
ALADIN 55 Xgsle] IFS 24742 it Fold,
B o] A3 7|7k ALADIN AE53}17F 359
th. Figure 3> Ake]Z AIZF AI7R1 2020 69 169
0600 UTC®] 500 hPa vF(E<) Wl tigh + A3
o] BAZH 2Jo](EXP-CTL)9} H4142] 93} 40|
t}. Figure 3a2] O~3< ALADIN #Zo] X3ty %
oo 2 (Fig. 2 #il) L wiAgS AMEe CTL
EXPe] EAZFE zo]:= ALADIN #5538 <]
ZoE & F Utk Y7 A HoA ALADINS X3
S EXPe] 4% °AF 747F CTLY] #4174 23t
Ao B 2 Zo® Yt dF 50, @ A9
Al EXPO] &9 W3f #A1FEo] CTL Hlal o 4
stAl A = AL (Fig. 3a] FEM), 474 oA 7
27t EXPOllA o Al i th(Fig. 3b9] H24).

ALADIN #A57} Al Fshe vig JRe teFst 7
M ES 294 713 B9l AR 9 A
< 7 3tk ALADIN 2t2E3}e] Ass Aur] ¢
3l Fig. 4ollM = Atelgol I 5 CTL £4
23k EXP #4140 sAuk, ek, 25, Hs
(specific humidity)®] €315 IFS ¥AFo=z 7AZs}
Atk =¥ (spin-up) 717kl FstE 14U o] 5o
RE WA ALADINS X33t EXPe] A7 Hit
g 2xp7F CTLE o2t ®rh 27 uebsith o] o,
v, 25 g9 H|F B RS AfolF Zte| Al
7k A7t EAEE s & 4 AUtk ALADING 7%
Al vk Am FrEE vkgh 2478 0] F2F 1A
a1, Ate]Fo] el g wEl 29} vl BAAE n
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Fig. 3. (a) EXP - CTL analysis increment differences for the first analyses in each trial (which have identical backgrounds), and
(b) the consequent reduction in differences with the corresponding IFS analysis, for wind speed at 500 hPa on 16 June 2020.
Red colors in (b) indicate where the analysis increment using ALADIN has brought the wind speed closer to the IFS analysis

wind speed.
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Fig. 5. Vertical cross sections of zonally-averaged analysis error reduction against IFS analysis for (a) zonal wind, (b)
meridional wind, (c) temperature and (d) specific humidity during the cycling period, excluding the spin-up period. Analysis
error reduction is (CTL RMSE) — (EXP RMSE), so red colors show areas where the assimilation of ALADIN observations has
brought the KIM analyses closer to the IFS analyses on average. The small black dots identify differences that are significant at

the 95% level, as calculated using a #-test.
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Fig. 6. RMSEs against own analyses of CTL and EXP wind speed forecasts at 100, 250, 500 and 850 hPa for the Northern-
Hemisphere (NH; upper), Tropics (TR; middle) and Southern-Hemisphere (SH; bottom). Blue bars are percentage RMSE
reductions in the EXP trail relative to the CTL trial, with red dotted circles added to indicate relatively poor RMSE scores in the

EXP trial.
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olr 7] 9af 20208 79 1YHE 7¢ 3147EA] 0000
UTCY] 120117+ ¢l&3 A8 E ol &3l vlEE <)ol
st 27184 SAASH IFS 47 v 2SS
S35k Th. Figure 6 120A17F o =0 3k 27
A A= AFI=E 100, 250, 500, 850 hPacl| A o] Huk
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