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Abstract The Korea Meteorological Administration (KMA) will operate a hyperspectral infra-
red sounder based on a geostationary satellite in 2037. The next-generation Geostationary
Hyperspectral Infrared Sounder (GeoHIS) observes vertical temperature and humidity with high
temporal and spatial resolution. Therefore, it can be used not only directly in nowcasting but
also as input data for numerical prediction model, which is expected to improve weather fore-
cast. We analyzed the forecast impact of the next-generation GeoHIS, which has high density in
the Asia region, using the Korean Integrated Model-Observing System Simulation Experiment
(KIM-OSSE). As a result of the forecast impact, improvements were confirmed in the mid to
upper-level geopotential height (500~250 hPa) and lower-level temperature (850 hPa) of the tro-
posphere in the globe and the Northern Hemisphere. In particular, we confirmed a significant
improvement in the mid to upper-level geopotential height in the Asia region. These results will
be used as support material for advancing of satellite data assimilation technology and for the
establishment of next-generation satellite launch plans.
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20009t 8] 2E 2 9] AIRS (Atmospheric Infrared
Sounder; Chahine et al., 2006), IASI (Infrared
Atmospheric Sounder Interferometer; Hilton et al.,

2009), 28] 3L CrlS (Cross-track Infrared Sounder; Strow
et al,, 2013) Z-32 =] (Hyperspectral Infrared
Sounder, HIS) #Z0] =4 =7] A2 stA ). 576073
=E 12~14 km, #=Z3 AE7F 1,650~2,200 km
oF oF 1,305~8,46 /2 =& A4 e 1FA A
E7F AlFEEA 85719 BAE (European Centre
for Medium-Range Weather Forecasts, ECMWF), %=}
71’47 (Met Office) & A TAANHEY AT
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Table 1. List of GeoHIS plans according to operational nations.

4

2 9271 (GeoHIS) ¢l & 4 &7}
Aol =A 719383 th(Joo et al., 2013; Eresmaa et
al., 2017; Noh et al, 2021). o]2{3t 32 $|d#=
2 F2 FAX Y4 (polar orbit satellite)ol| A =33 =
o] ALY TLF AQelA & 233 Hrrt #50]
7Fs g ©hio] Tk v AAAE S A
o fIAIetAA FLAE Aol el =L ATt &
S(: 302 744, 4 km)OE AE3Z¢] o] 7}
sirh. 2 3k 255 #35 do] SAE 2489
S BAs7] f8 FAAE 217 (geostationary
satellite) 7]¥te] wlo] 3 =2 31gF=7](microwave sounder)
9} HIS ¥97E°] 3= rklturbide-Sanchez et
al., 2022; Posselt et al., 2022).

M A 717471 7-(World  Meteorological Organization,
WMO)E= 20403714] F4& 57] AAAZ 28329
€F=7](Geostationary HIS, GeoHIS) £%4& ZX 2 3l
“Global ring”& ¥]H 02 A A& THWMO, 2019; Li
et al., 2022). T2 GIIRS (Geostationary Interferometric
Infrared Sounder)2} GIIRS2 A ZE z+zt 2016\
20210l FY-4A (FengYun-4A)%} FY-4Bol ©Ajale]
£ 2o A2, §-H8L 202539 IRS (InfraRed Sounder)

o & of

= A3 MTG-SI (Meteosat Third Generation-
Sounder)Z Alsle] 2026130 eF & AFol Ut}

TS B3 v)=2 GHMS (Geostationary HiMawari
Sounder)E ¥ A&+ Himawari-103} GXS (GeoXO
Sounder)E ©A g GeoXO (Geostationary Extended
Observations)E 77} 202933} 20360 &G AlY
o tk(Table 1; Yang et al., 2017; Adkins et al.,
2021; Bessho et al.,, 2021; Holmlund et al., 2021;
Iturbide-Sanchez et al., 2022).

71747 (Korea Meteorological Administration, KMA)
=7}7174 9143 A Bl (National Meteorological ~ Satellite
Center, NMSC)= 2029 FE GeoHISE 7l¥&3}al,

Operating  Operational Satellite Sensor Spatial res. ~ Temporal # of Wave number Interval
time nation (km) res. channels (cm™) (em™)
'16.12. China FY-4A GIIRS 16 .1 hr 1,650 700~2,250 0.625
(China area)
, . FY-4B 45 min
21.6. China C(26)~E(28) GIIRS2 12 (China area) 1,650 680~2,250 0.625
, MTG-S1 30 min/6 hr
26. Europe $2(33) IRS 4 (Europe/FD) 1,740 700~2,175 0.625
9. Japan Himawari-10  GHMS 4 (ng) 1,672 680~2,250  0.625
'36. USA GeoXO-Central ~ GXS 4 3?;3;11 1,672 680~2,250 0.625
'37. Korea - - - - - - -
Sh=71288ks] 7] A35E 13 (2025)
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9 &3] (dynamic) 28] &< 8+4 (thermodynamic)
A4S A5 T U AE71FES X5
7178# el o] 7, AFAATE A E ook
7Fe3taL, 7174944 A9 2 7HA %973 7] (imager)
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GeoHIS®} 7ol #EsHA| &= 2T 14 &Sl
g FROEEY Gt AT FE IPIRS
%4 & 714 Al (Observing System Simulation Experiment,
OSSE)E &-&-3sto] T3 =o] $ITh(Arnold et al., 1986;
Atlas, 1997; Hoffman and Atlas, 2016; Zeng et al.,
2020; Cucurull et al.,, 2024). GeoHIS FX2d &
37} A7olA Holmlund et al. (2021) +3 A=A
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vhe o HollA g TRl YIS FATL B
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Abeta, R RY FES B399 th Okamoto et al.
2020y - 9= A HeA =9} ulgre] 72
A7k Sl el d5S BRISHAIL, Fujita et al.
(2023)2 H}o]g- A X (Baiu front)Z %2 (upper-level
trough) 45 A5 MNAd& B
7174782 20201 49 28 FE] =2} 7EH2011~2019
W)sk st X]o B2 (Korean Integrated Model,
KIM; Hong et al, 2018)2 ¥ &9 T A,
WMO “Global ring” B¢l 950 -]yt of
Yzt AlA F2 713 ZSA GeoHISE % ¥
AxH oz ARsky Yok Wb e teeld =
I = et B A= ] o = I R =
) 3k

o ¢ XN
T

ol

q

rooX e e ¥e 2 ol

¢

O

(e}
7 AAAes £ Havt vk B delM s

)E‘.

F2 ] &Z7](GeoHIS)ol| Tt St md o Z 4
B7He FREAh 28 AR B O BHE A
%39, 331 E GeoHIS 7Hd#EAtE A4k &
FEFR7E A, 2T 4golM = 8oF B HE £
2 AEsiith 2 A3 Ade A 7139 2

I

2

2837 Zolth

e

2. Xz o 2y

F3 =718 AIE Gl A 20360 AL Al
9 AMY AAHAE ZEFH D7 (GeoHIS)2
TPEAEAE Y 9 A dRed oS 9%
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FFH7IE FAL v F= AR-ET Figure 12>
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Run (NR) AEE o83 7P3aEas 44 7hg
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Fig. 1. Research flow chart for forecast impact analysis
using KIM-OSSE.
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Table 2. Information about the ECO1280 Nature Run dataset.
ECO1280 Nature Run dataset

Model ECMWEF (IFS cycle 43r1)
Distribution CIRA/CSU (Cooperative Institute for Research in the Atmosphere at Colorado State University)
Coordinate Cubic octahedral grid
Resolution Horizontal: 9 km, Vertical: 137 layers (TCo1279L137)

14months (2015. 9. 30~2016. 11. 30.)

Period -October 2015 (1 month): 1 hour interval, others: 3 hour

Table 3. List of observations used in the KIM-OSSE.

# Type Sensor # Type Sensor
1 Infrared (IR) Sounder GeoHIS 10 Scatterometer SCAT Wind
2 AMSU-A 11 CSR (GK-2A)
3 . ATMS 12 IR Imager CSR (Himawari)
Microwave (MW) Sounder
4 MHS 13 CSR (MSG)
5 MWHS2 14 GNSS RO
GNSS
6 MW Imager AMSR2 15 Ground-based GNSS
7 1ASI 16 Aircraft
IR Sounder
8 CrlS 17 In-situ Radiosonde
9 Imager AMV 18 Surface observation
) (a) (b)

14 < (s
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Fig. 2. (a) Observation coverage (GK2A: 0°N, 128.2°E) and (b) band characteristics (Menzel et al., 2018).

kme} 13730tk w28 &AF5 7|7+ 141920153 SAEE A 8 HeE IS -‘?T*é% =
99 309~2016'3 11€ 30¥9)=E 20153 104 3 7+ 0°N, A% 1282°ER 3MIE AbFo|A #A=S F3)sl=

S X7 2 Age|x, 1 9 7|7k 3AIZE 7HE S 2] 225 (Geostationary Korea Multl—Purpose Satellite-
2 FAEAA ‘D}(Table 2; Hoffman et al, 2019).  2A, GEO-KOMPSAT-2A, GK-24)9] #3 53¢ 8
2 A= GeoHISE Z3HeH A%, 1171“m, 393, ¥= sAHE GIIRS/FY-4A AlA 548 28
371, GNSS (Global Nav1gat10n Satellite  System), SIS thFig. 2). Figure 2b= GIIRS A9} AIRS, CrlS,
29l 9 wiolARI} BALF F F 18T ¥ B 9 IASI, IRS & Z&3AAG=7] AMEe] A5 3+
A VRS AEE AAe) %"]‘SH 109 s 7k | (wavenumber) WS HojFEr) GRS A= 33HY

A|7v 7+4 ECO1280 NR A8E ©]8-3}%1 tH(Table 3). Az e AZS 95 o] AkslEkA(CO,)S 27

AT A A= 253 =71 (GeoHIS) 73 H,0) S5t7F 1A% A3k 9] (longwave  infrared)
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%9

%
A

gisl

A3

AN

g1l 700~1,130 cm™ (8.85~14.29 pm)¢t 7 9
(midwave infrared) 43¢l 1,650~2,250 cm™ (4.44~
6.06 pm) I(FHE) HelolA BAbES A3 5
AR B2 At BAF el oF 1,65070F 0.625
cm 0|tk GeoHIS BAMF 2t&o] ARSH BApg Y
(radiative transfer model, RTM)Z RTTOV (Radiative
Transfer for TIROS Operational Vertical Sounder) W
A13& 0]8-59 th(Hocking et al., 2021).

GeoHIS 7PMd#Z2L5 2] A 2] (preprocessing) 2+
24X (channel selection)S KIAPSOA =¥
GIIRS/FY-4A A2 27& A&t 8 AA g
HAell= A FEHA, AFRAY, 28 aL Ko7
7 A&Eth 7ol SH9E AN ARE AASI
131 ECMWFoll A 7lletel 5% 4] (cloud detection)
710l HLEATHMcNally and Watts, 2003; Eresmaa,
2014). A7 F7HA BEASA, VL 9F 55
I ste] HakE A (bias correction)?] ZH-&E AL,
ol 7] (thinning) 744 3.0°% Z&E At} HaA
< FAAUERIN AZ] 2% #HZFo] FasA At
B57] 2o, & ATl o|itEEa(CO,), FF
71(H,0), 28] 3L 2&(05) SFU7F |IX§ 700~1,130
em™' (8.85~14.29 um) V=) Wl EEde= &
697l (ch1~629%1) #de] MAH = ATHKim and Kang,
2022a, 2022b). GeoHIS 7Md#=Age] F7+3 A7k
a5 Z47F 16 km LE]aL 1A17F 7HAH 02 AYAtst
S TH(Table 4).

ox dfy n

Table 4. Characteristics of simulated GeoHIS.

ARG AT - EAYG 0l 43

GeoHIS 7Md#ZA 85 &85l KIM| o= A
T H7He s 2Y ST 24 km (NE180)
0|32, A5 F 34| Al= H4DEV (Hybrid 4D Ensemble
Variational Data Assimilation)Z J7Hl’3%=+ 50 km
(NE090)°]tH(Table 5). 1A17F 7+4 2] GeHIS 7Hd#=
Ztz9] A& FFHE7HE 8 Y 744 NR AR
7F EAsks 1049S A7 e s ARt md
717k 20239 99 30€~109 300l 5]
7+ 299 B§Y3 12077 A= HrkE I8y
2023 108 59~25U = F 219S A A9
& FAl GeoHIS && o7& Z7O=E CTL (178
conventional + satellite)2} EXP (183 ; CTL + GeoHIS)
£ 3513t} GeoHIS ¢ll& 23} 7141-& (improvement
rate, %) AlAFSL7] 918l NR AEE 7|52 2 EXP
9} CTL ZHzte] HaAls2AH(root mean square error,
RMSE)S AXFsl AL, EXPEF CTLS Blwsle] 94}
MNAE%)S ARISEATE AldbAle o3t 23, /A
E(%)°l ¥ wd W NAEEL onlgit

RMSEctl — RMSEex
)= RMSEctl 2100

Improvement rate (%

2 dTe s AR #AEE Y5
GeoHIS®] FAE2Y Jgs 4317 8 4

< F ol Aoz TR NAES ALtsATh
ATFGgLe A, EHHEIE: 20090°N, A=: 0~
360°E), Z%=(20°S~20°N, 0~360°E,), E5H(20~90°S,

Position

GK2A (Lat.: 0°N, Lon.: 128.2°F)

Spatial and temporal resolution

16 km and 1 hour

Wavenumber range
(interval)

700~1,130 cm ™" within longwave infrared (0.625 cm™")

Number of channels

69

Channel selection
(Wavenumber)

Ch1(700 cm™)~8, 11~17, 19, 21, 25, 27, 29, 31, 33, 35~45, 53, 55, 57, 59, 61, 64,
67, 81,93(757.5 ecm ™), 97, 101, 105, 115, 130, 141, 149, 169, 177, 189, 193, 213,
223,237, 253,269, 289, 329, 353, 377, 401, 421, 469, 621, 625, 629(1092.5 cm™")

Table 5. KIM Specification used in this study.

KIM specification

Model

Horizontal resolution: 25 km (NE180)

Data assimilation

H4DEV (Hybrid 4D Ensemble Variation DA, NE090 50 km)

Experiment period

2023.9.30.~10.30.

Verification period

2023.10.5.~10.25.

CTL 17 observations: conventional + satellites

EXP 18 observations: CTL + GeoHIS

Atmosphere-Korea, Vol. 35, No. 1. (2025)
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Fig. 3. Validation regions for the forecast impact of KIM by GeoHIS include Globe, Northern Hemisphere (NH), Asia, and East

Asia (EA).
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Aak7] 918l 1092 1417F 244 ECO1280 NR
AEE F4519rh ECO1280 #AHE.9] A5S 918 Han
et al. (2023)3% Cucurull et al. (2024)= 74, 2=, 18
3 vkl thel £412 S=3SIITE Han et al. (2023)2
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mine 204,051 maxe 233.356 mean= 222770 stdve 2874
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3 Cucurull et al. (2024)= ERA-5 AEES 83}
AZES FYP9T) 201693 79 3E B B ©
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< Hwste] fAR S Rl

ECOI1280 NR A=5 &83}o] A7+ 7H42] GeoHIS
TPEERIR s 3= s 9 7
Z} GIIRS AN 9] 2=#ZF g3 A hAs 94
o] 58 ALt Figure 4= 2EZHQE=7]
6 A< (703.125 ecm™)ol thEk 7HEZ(simulated
observation), 435 (perturbation), 12|32l Fgk(true)> =
e S et PEASAEE AteA A
AEo EFHA e 15 Koz L9 AUzt
-6.85 K2} 829 K& RSt Ald 62 74 4=
2=E #ASF3E ALE A5 s e P
o] FH&, HU 283 Hd2 77 2041 K,
233.4 K, 283 222.8 K, EFHA= 2.9 K& 29T
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Fig. 4. Simulated brightness temperature (Ch6, 703.125 cm™) at

Total: 2335207.0

Total: 2335207.0

GK2A position at 0000 UTC 1 October 2023 for the upper-

level temperature sounding in the troposphere (Simulated observation = Perturbation + True).
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2% BEF AR ABS GAS - £AY - 0lg9] 45
GeoHIS?| &2 F71& 17 2202 5UF A oME 60l 7M0E BAE 5 3% 15 km |3t

AolA] IHE Albe) sHFE 2-33] #ASFEe FAE
/3ol Hlal] oF 8~12v] BE W FHo|th FARE
IASIZ ©A13 MetOp-B (Meteorological Operational
satellite-B) == $1412] A =%3}1|zHequator crossing
time, ECT) 243 2% 9:300|t}. &= #9l9 4
T, FAE 9484 gAlE 2B HYEST] AA
(AIRS, IASI, CrIS)E ¢F 1,600~2,200 kme|t}, wkd
AAAE 948 9F 12,000 km (A% 60~180°E)E <F
ouljell &3ttt webx xp AR AT 91499 3k
52 #= F719 1Y SHA SAE AR &
S Eert AHoR ol BRI 55 Z0R V)
T

GeoHIS?| A553 &4 7oz 2EFH TS
7l #5 & U745 AS5AEE AR 2I(skin
temperature) 2 A3 WE-&(surface emissivity)2] ¥
Fe e AEE AsTsA ALt B AT

Improvement rate (%) at 0000 UTC

(850 hPa TY¢H k) AZAFRE A €T 700~757.5
em™ T B Lo $1X5E 4270 A (ch1~93¥)S =}
E53}o)] 2835} tHTable 4). ©] AHEEL o]aks}er
2(COy) S5t Y218k AEER URFd A7 2
=5 &) Yall AMeEY =3 HAE Z(slant
path)®] F3FS st 1% A G4 st AZA}
BE A9t B Aol e 9 Az o] 55° o]
*J(Satellite Zenith Angle, SZA > 55°)1 A&+ A&
F3loll A Ak

GeoHIS 7MHZA8E Sg3lo] ALY FX|dH
TY o & JFHE7ME P8I GeoHIS &8
2 702 747 CTL (17%)9F EXP (18%; CTL +
GeoHIS) A¥S F33I3th. NR AEE 7|Fo=
EXP9} CTL ZFzke] RMSES Al4FI L, EXPS} CTL
Hw3le] 93} AAE(%)yS AXFsIAT Figure 5
0000 UTCE 7o 2 717484, 59H A%, 1

KN
=
L
T

2023100500 - 2023102500, TARGET INIT, KATSTYLE
Globe Northern Hemisphere Tropics Southern Hemisphere Asia East Asia

° u a8 72 9% e ° u 48 7 9% 20 ° u a8 7 % 20 ° u a8 k % ue o % a8 n % o L u a8 7 | % 20
0 7066Pa <1.64/.0.37|.0.41/0.15 |0.51 |0.11|-0.70/0.17 | 0.38 | 0.73 | 0.94 |0.41 ]-2.19|-0.75|-0.86|0.06 |0.26 | 0.06 |-1.34|0.10 |.0.07|-0.54/0.37 |.0.30].0.58|0.21 | 2.14 | 2.87 | 2.55 | 3.36 |-3.46|.0.24|2.13 | 1.79 | 1.30 | 0.87
WS 250nPa «0.21/-0.54/|.0.28/0.29 | 0.27 |-0.19]-0.19|-0.04| 0.27 | 1.06 | 0.45 |0.28 1 0.06 |-0.81|-1,13|.1.41/|.0.68|.0.79]-0.46|.0.78|-0.21|0.36 | 0.41 |.0.55]-0.22|-0.12|-1.68| 1.83 | 3.58 | 4.88 |.0.10| 1.07 [0.13 | 1.34 | 3.04 | 3.46
WS 500nPa «0.25/0.16 | 0.15 | 0.71 | 0.43 |0.27|-0.24]/0.33 | 0.44 | 1.25 | 0.98 | 0.65].0.81|.0.15(-0.22|.0.85|.0.57|-1.52| 0.00 | 0.18 | 0.05 | 0.77 | 0.20 | 0.27 |-0.68|.0.22|0.33 | 2.08 | 3.26 | 4.02 |-1.12|.0.52|-0.50| 1.44 | 1.97 | 1.06
WS 850nPs -0.06/0.06 | 0.42 (0.12 (0.53 |0.14|0.06 | 0.16 [ 6.53 | 0.85 | 0.22 | 0.37|-0.20|-0.54|-0.28|-1.23|-1.04|-1.26]|-0.07| 0.41 | 0.75 | 0.24 | 1.32 | 6.43]-0.38|.0.34(0.15 | 3.46 | 3.05 | 1.90 | -0.57/|-0.19| 0.42 [ 3.60 | 1.67 | 1.14
GPH 256nPa ).ﬁ) 9.77 |0.64 | 0.57 | 0.34 |11.38] 3.64 | 0.99 | 1.10 | 0.33 |0.24 3.77 |-0.38|-2.16|-2.74 -).)) 3.35(1.51 | 1.68 | 1.65 | 0.79 |10.72] 2.31 |-1.14|3.24 | 5.24 | 6.66 | 9.95 | 1.68 |.3.05|0.30 | 3.55 | 5.17
GPH S00nPa 9.7413.77 [ 1.55 | 1.26 | 0.97 | 0.61 : 2.82(1.34|1.441.18 |0.80 6.39 | 2.89 s:se 1.13|-1.9618.50 | 3.17 [ 1.28 | 1.23 | 0.79 | 0.39 : 3.18|1.41 | 4.115.73 | 7.38 3.45 ; 2.84 | 2.92 7!71;
GPH 8508Pa  1.0.01|-0.23| 0.06 | 0.04 |0.21 | 0.49 |-0.01/-0.03|-0.02|0.38 | 0.22 | 0.41 |-0.04|-0.5¢|-0.20|-0.53|-0.63|-0.58] 0.04 | -.0.00(0.70 | 0.10 | 0.43 | 0.76 | -0.07|-0.00| 0.01 | 1.22 | 1.24 | 2.04 | 0.01 |-0.07|0.28 | 2.21 | 0.73 [ 1.29
T 2500P8 <0.33/-0.11)|-0.04/-0.10/0.05 |-0.45]-0.43/-6.19| 0.08 | 0.63 | 0.32 |-0.44]-0.46|-1.26(-1.64)|-2.53|-3.25|-3.78]-0.21/0.63 | 0.55 | 0.22 | 0.74 | 0.28 |-0.57|-0.35|-1.48|0.26 | 3.95 | 4.30 |-1.57|-0.42|-1.11|-0.34|3.25 | 2.34
T 500nPa 9.25]0.33(0.110.21 |0.21 |0.46]-0.16/-6.05|0.60 | 1.15 [0.13 [0.78 | 1.69 | 1.02 |-0.62|-1.85]|-2.18)-2.27]-0.76|-0.06| 0.83 | 0.59 | 1.04 | 0.60 |-0.52|-1.11|-1.22|2.21 |3.24 | 5.03 ] 0.20 |-1.47|-1.95|0.84 | 0.90 | 3.67
T 850nPa 1.08 | 1.05(0.85 | 0.66 [0.81 |0.71]0.26 |0.37 |0.65|0.60 |0.47 |0.26 ]| 1.96 | 1.39 | 0.76 [0.34 |0.66 |0.69]1.17 | 1.36 | 1.68 | 0.88 | 1.06 [0.89 |-0.42/0.16 |0.74 | 1.80 | 2.72 | 4.53 1 0.39 | 0.22 |0.75|1.70 | 0.89 | 3.73
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Fig. 5. Scorecard (improvement rate, %) and statistical significance levels (1~3 o, approximately 68~99%) for atmospheric
variables and regions at 0000 UTC during the period of 5~25 October 2023. T, GPH, WS, and Q denote temperature (K),
geopotential height (m), wind speed (m s™), and relative humidity (%), respectively. Positive values and green color indicate

improvement.
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Table 6. Analysis and forecast impact (improvement rate, %) at 0000 UTC based on GeoHIS data assimilation in KIM.

0000 UTC (Validation period: 10.5~25.)

Variables Regions Analysis field Forecast field (24~120 hrs)

Globe 9.7~13.8% 0.3~3.8%

Geopotential height - 11 10 2 o
(250~500 hPa) Northern Hemisphere 8.4~11.4% 0.9~3.6%
Asia 9.0~13.0% 1.4~7.4%
Globe 1.1% 0.7~1.1%

Temperature - N 07
(850 hPa) Northern Hemisphere 0.3% 0.3~0.7%
Asia -0.4% 0.2~4.5%

A7) 483 o7 A1359 1% (2025)
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