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Background

B KMA (Korea Meteorological Administration) plans to operate GeoHIS by 2037.

O Thousands of channels in the range of about 670~2,250 cm™! for temperature and humidity profile retrieval.

O High temporal and spatial resolution (ex: 30 min and 4 km)

% GeoHIS: Hyperspectral Infrared Souder onboard geostationary satellite

Bl WMO “Global Ring” vision: 5 GeoHISs until 2040 (WMO, 2019).

% WMO, 2019: Vision for the WMO integrated global observing system in 2040, WMO Doc., 1243, 47pp.

Table 1. List of GeoHIS operation plans according to operational nations.
Op. Op. . Spatial Res. Temporal # of Wavenumber | Interval
) ) Satellite Sensor
. -s---1--  time nation (km) Res. channels (cml) (cml)
v 1h
2 “16.12. | China FY-4A GIIRS 16 o 1,650 700~2250 0.625
X (China area)
{_— Q16 | China Fy-48 GIIRS2 12 45 min. 1,650 680~2250 0.625
4 o | (105°E) | C(‘26)~E(“28) (China area) ’ ‘
{ v
% - 4 ! E MTG-S1 30 min./6h 680~1,210
FY-4B: Himawari-10 2. | ¢ IRS 4 1,740 0.604
(0°E) S2(°33) (Europe/FD) 1,600~2,250
Japan . X 15 min/1hr
% 29 Himawari-10 | GHMS 4 1,672 680~2,250 0.625
‘ (140.7°E) (FD: LZA<60)
; % USA GeoXO- 30 min. 670~1,100
36 GXS 4 1,672 0.500
- (105°W) Central (FD) 1,700~2,250
o 60°E 120°E 180° 120°W 60°W

3 *FY(FengYun), GeoHIS(Geostationary Hyperspectral Infrared Sounder), GeoXO(Geostationary Extended Observations), GHMS(Geostationary HiMawari Sounder),
GIIRS(Geostationary Interferometric Infrared Sounder), GXS(GeoXO Sounder), IRS(InfraRed Sounder), MTG(Meteosat Third Generation)
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Objectives

1. GeoHIS improves real-time forecasting 2. GeoHIS radiance enhances data assimilation
- Instability, Total Precipitable Water, and wind shear from GeoHIS - Contributing to improved accuracy in operational NWP
(Menzel et al., 2018; Holmlund et al., 2021; Li et al., 2021) (Joo et al., 2013; Eresmaa et al., 2017; Okamoto et al., 2020; Noh et al., 2021)

[Severe Weather Monitoring]| [Initial field — NWP Improvement |

RATN(60min) 2016.08.07.19:00

(T, Q, Wind)

' enhancing
NWP Accuracy

Meso-scale Convective Cloud AWS rain gauge: 66.5 mm hr!

B KIM (Korean Integrated Model): KMA’s current operational global NWP model

Purpose: Assessing the impact of data assimilation through GeoHIS radiance in KIM predictions in terms of synoptic scale

predictability using geopotential height, temperature, vapor, and wind speed throughout the troposphere

4 Korea Meteorological Administration
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Method and Data

KIM-OSSE

(Korean Integrated Model-Observing System Simulation Experiment)

v

Nature Run Dataset
(ECO1280)

¥

Simulated Obs.
(RTTOV)

!

KIM
Data Assimilation

3

Verification

KIM
Forecast Impact

—  Simulation

* Verification

Fig. 1. Research flow chart for forecast impact analysis using KIM-OSSE.

*ECO: ECMWF Cubic Octahedral, RTTOV: Radiative Transfer for TIROS Operational Vertical Sounder

Table 2. Information about the ECO1280 Nature Run dataset.

ECO 1280 Nature Run dataset

Model

ECMWEF (IFS cycle 43rl)

Distribution

CIRA/CSU (Cooperative Institute for Research in the
Atmosphere at Colorado State University)

Coordinate

Cubic octahedral grid

Resolution

Hor.: 9 km, Ver.: 137 layers (TCo1279L137)

Period

14 months (2015. 9. 30.~2016. 11. 30.)
- Oct. 2015 (1 month): 1 hr interval, others: 3 hr int.
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Experimental Design

Table 3. KIM Specification used in this study. Table 4. List of simulated observations used in the KIM-OSSE.
KIM specifications Experiments Type(Name)
M 1 KIM4.1 El Hori - 25 k MW Sounder (AMSU-A, ATMS, MHS, MWHS2), MW Imager (AMSR2), IR
ode . (N 80’ orizontal: 25 m) CTL Sounder (IASI, CrIS), AMYV, Scatterometer (SCAT Wind), IR Imager
Data assimilation | H4DEV (Hybrid 4D Ensemble Variational DA, NE090 50 km) (CSR/GK-24, CSR/Himawari, CSR/MSG), GNSS (GNSS RO, Ground-based),
Conventional (Aircraft, Radiosonde, Surface)
Experiment period |2023.9.30~10.31. e CTL + IR Sounder (GeoHIS)

Verification period |2023.10.5~10.25.

CTL 17 observations (conventional + satellites)
EXP-1 18 observations: CTL + GeoHIS radiance at 1 hr intervals
EXP-2 18 observations: CTL + GeoHIS at 3 hr intervals

Bl KIM forecast impact by using simulated GeoHIS radiance
O Calculate the CTL and EXP RMSE using NR data as a reference
O Improvement rate (%): (RMSE ;; — RMSE.yp)/RMSE 1, x 100

6
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Simulated GeoHIS radiances
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Table 5. Characteri

120°E

~14um

1000

L 1 1
1200 1400 1600

~7um

1800
~4 um

2000 2200

1 1 1
2400 2600 2800 (1/cm)

t CO, absorption band (for temp. sounding retrieval)

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

stics of simulated GeoHIS.

Position

GK2A location (Lat.: 0°N, Lon.: 128.2°E)

Spatial and temporal
resolution

16 km and 1 hour

Wavenumber range
(Spectral res.)

700~1,130 cm™ (0.625 cm™)

Number of channels

42 (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 cm™), 97~629(1092.5 cm'!)

* GK2A(GEO-KOMPSAT-2A, Geostationary Korea Multi-Purpose Satellite-2A)

(O DA preprocessing (Kim and Kang, 2022a; b)

- Exclude radiance less than 1.5 km due to €sfc and Tskin

— 42 channels (Ch 1~93, 700~757.5 cm™)

- Also, high latitude data considering slant path effect (SZA >55°)

- Cloud screening (ECMWF), bias correction , thinning (3° int.)

Korea Meteorological Administration
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__ RMSEcTL—RMSDEgxp

Forecast inq)aCt (hourly data) Improvement Rate (%) RMSEcry x 100

Validation regions (Globe, NH, , and EA)

0~ 60°E 120°E 180" 120°W 60°W

Improvement rate (%) at 00 UTC Statistical significance levels

2023100500 - 2023102500, TARGET INIT, KATSTYLE 2023100500 - 2023102500, TARGET INIT, KATSTYLE

Globe Northern Hemisphere Asia East Asia Globe Northern Hemisphere Asia

] 24 48 72 9 | 120 ] 4 48 72 9% | 120 8 24 48 72 96 | 120 8 24 48 72 96 | 120 2 48 72 % | 120 8 2 ™ 2 9% | 120 8 2 a8 72

East Asia
24 48 72 9% 12e

]
v A Improved

0 76@hPa [.1.64|-8.37|-0.41(6.15|6.51 (0.11]-0.78(0.17 |0.38 (0.73 | 8.94 | 0.41]-0.58(0.21  2.14 | 2.87 | 2.55 | 3.36 |-3.46(-0.24|2.13 | 1.79 [ 1.30 | 0.87)) o 7@enPa

> || |8
>

8
WS 256hPa | g.21(-6.54/-0.28[0.20 (0.27 |-8.19]-0.19(-6.64|0.27 | 1.06 | 0.45 | 6.28]-0.22|-6.12|-1.68| 1.83 | 3.58 | 4.88 |-0.10| 1.07 | 0.13 | 1.34 | 3.04 |3.46f| ws 250nPa | \7 H

96
A
A A
WS 508hPa |.g.25|6.16 [0.15 | .71 .43 | 0.27|-0.14| 0.33 | 0.44 [ 1.25 | 0.08 | 0.65|-0.68|-0.22| 0.33 | 2.08 | 3.26 | 4.62 [-1.12|-0.52|-6.50| 1.44 | 1.97 | 1.06)| ws soonPa al | ol |_[ A s
WS 850hPa |.0.06|0.06 | 0.42|6.12|0.53 |0.14 | 0.06 |0.16 | .53 |e.85|0.22 | 6.37]-6.38|-6.34]| 6.15 | 3.46 | 3.05 | 1.90 |-06.57|-6.19| 6.42 | 3.60 | 1.67 | 1.14)] WS 850hPa & Tl A A v 2 SE
GPH 250hPa 133771 3.63 | 0.77 | 0.64 | 0.57 | 0.34 [11.38] 3.64 [ 0.99 | 1.10 | 0.33 [ e.2412.72| 2.31 |-1.24f 3.24 | 5.24 | 6.66 | 9.95 | 1.68 |-3.05] 0.30 [ 3.55 [5.17]] OPH 250nPa | 4 | 4 Al A AN ALK AlA v Vil PAN L 3E
GPH 508hPa | 9,74 (3.77 | 1.55 | 1.26 | 0.97 |0.61 | 8.42 | 2.82 [ 1.34 | 1.44 | 1.18 [e.s0fl 9.01 | 3.18 | 1.41| 4.11 | 5.73 | 7.38 |12.04 3.45 |-6.11f 2.84 [ 2.02 [3.15]] MNP | 4 | & | A | A A AN A Al AA|A|A|A 1 SE
-
GPH 850nPa | .g.01|-0.23( 0.06 | 0.04 | 0.21 |0.49 |-0.01(-0.03|-0.620.38 | 0.22 | 6.41]-0.07|-0.00[ 6.01] 1.12 | 1.14 | 2.04 | 0.01 |-0.67  0.18] 2.21 | 0.73 [ 1.10]f ©F" BONPa AV ALA - 5
T 2560 |.g.33|-0.11|-0.04|-0.16| 0.05 |-0.45|-0.43|-6.19] 0.08 | 0.63 | 0.32 |-0.44] -0.57|-0.35|-1.48] 0.26 | 3.05 | a.30 |-1.57|-0.42|-1.1f -0.3a] 3.5 [23af] T TP [_ _7 I | ; D ANV ¥ 3 e
T 586hPa |g.25|0.33|06.11 [6.21|0.21 |0.46|-0.16|-0.05(0.00 | 1.15 |6.13 |6.78]-0.52|-1.11|-1.22| 2.21 | 3.24 |5.03 | 0.20 |-1.47|-1.95) 0.84 | 6.90 | 3.67| T Soenka A L [\ A A A v i
T esenra | 108 (1.05)0.85(0.66|0.81 |0.71|0.26 |6.37 [0.65 6,60 |6.47 [0.26]-0.42| 0.16 | 0.74| 1.80 | 2.72 |4.53 | 6.39 [ 0.22 | 0.75] 1.70 | 0.89 3.73 Toeeh A A A|AA AN || ANIA A Degraded
-l -
=20 -16 -12 -8 -4 L] 4 8 12 16 20

Fig. 3. Scorecard (improvement rate, %) and statistical significance levels (1~3c, approximately 68~99%) for atmospheric variables and regions at 00 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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Temporal observation density impact (1 vs 3 hrs)

l1hr-temporal resolution

Improvement Rate(%) =

3hr-temporal resolution

RMSEcTL.—RMSDgxp

RMSEcTL

Validation regions (Globe, NH,

x 100

., and EA)

120°E

180"

120°W

Globe Northern Hemisphere Asia East Asia Globe Northern Hemisphere Asia East Asia

B | 24 | 48 | 72 | 9 |120| 8 | 24 | 48 | 72 | 96 |120| B | 24 | a8 | 72 | 96 |12 | 8 | 26 | 48 | 72 | 96 | 120 8 |24 | a8 | 72| 9 |120| 8 |24 |48 |72 | 9 |20 8 |24 |48 | 72| 9 |120| 8 |24 | 48 | 72 | 96 | 120
0 708hPa |.1.64(-0.37(-0.41[0.15 [0.51 |@.11|-0.70|0.17 |0.38 | 0.73 | 0.94 [0.41|-0.58|6.21 | 2.14 [2.87 | 2.55 | 3.36 ] -3.46|-0.24| 2.13 | 1.79 [ 1.30 | 0.87[§ © 70CMPa |.6.17|6.61 |-6.27(-6.68|6.18 |-6.20) .20 |-6.37(-0.67|-0.46| 0.27 (-6.35(0.76 | 0.36 | 1.39 §1.26 | 1.80 [ 1.63]-0.86|-0.09| 6.51 §6.69 | 2.06 (-6.60
WS 256hPa | .g.21|-0.54|-0.28| 0.29 | 0.27 |-0.19|-0.19|-0.04| 0.27 | 1.06 | 9.45 | @.28 ) -0.22]-0.12|-1.68§1.83 | 3.58 | 4.88 ) -0.10| 1.07 |0.13 | 1.39 | 3.04 [ 3.4 S 2°%MPa |-0.26|0.04 [6.15(0.87 |1.38 [ 1.20 |-6.51|-0.84|0.04 |0.92 [6.34 | 0.08 [ 0.02 |-0.24]| 1.07 |0.94 | 2.86 | 4.17|-0.31(6.60 | 2.39 [|6.74 | 3.66 | 4.32
Ws 580hPa | .9.25(e.16 |6.15|0.71 | 0.43 |0.27|-6.14| .33 | 0.44 | 1.25 | 0.98 | 6.65 | -0.68|-0.22| 0.33 M2.08 | 3.26 | 4.62|-1.12| .52 -0.50) 1.44| 1,97 [ 1.06J§ WS 5€ONP2 |.0.11(6.08 |6.09 (0.58 |0.84 | 8.91|-0.03/0.31(0.14 |0.25|06.56 (0.31]-8.09|0.01 [0.68 |1.21 [1.85|3.75]-0.54|0.01 | 1.36 J0.59 | 2.43 | 2.08
ws 856hPa |.0.06|0.06 |0.42 | 6.12 |0.53 |0.14 | 6.06 | 0.16 | 0.53 | 0.85 | 0.22 | 0.37]-6.38]-0.34| 0.15 §3.46 | 3.05 | 1.00 | -0.57|-0.19] 0.42 | 3.60 | 1.67 [ 1.14ff "5 ©5©PPa |oe.04 |0.01 |0.34 (0.73|6.72 [0.39|0.06 |0.10 (0.63 |0.65 | 0.10 |-0.14(0.01|6.19 [1.12 |3.03 | 2.39 [1.11]-0.28(0.24 | 1.47 3.21 | 2.20 | 1.71
opH 256hPa 13 77| 3.63 | 0.77 | 0.64 | 0.57 | 0.34 |11.38(3.64 | 0.99 | 1.10 | 0.33 | 0.24 f11.72| 2.31 |-1.14[3.24 | 5.24 | 6.66 | 9.05 | 1.68 |-3.05] 6.30 | 3.55 | 5.17 ff ©°" 2°°MP@ ) 6.31|3.10 | 1.63 [ 1.83 | 1.94 |1.58 | 5.36 | 2.44 | 0.51 |0.43 |0.87 |0.86]2.98 | 2.13 | .66 |2.62 | 3.42 [4.37] 4.39 |3.23 |-0.48J0.80 | 2.27 | 3.57
6PH 560hPa | 974 3.77 | 1.55 | 1.26 | 0.97 | 0.61 | 8.42 | 2.82 | 1.3 | 1.44 | 1.18 | 0.80 | 9.0 [ 3.18 | 1.41 fa.11|5.73 | 7.38) 1204 3.45 [-0.11] 2.84 | 2.02 | .15 | P %072 [ 276 [1.36 | 1.04 | 1.38 | 1.45 |1.22(2.24 | 1.00 | 0.74 | 0.36 (0.95 [6.66] 1.67 | 1.72 | 1.89 |1.87 | 3.30 | 4.57] 4.30 | 2.99 | 1.24 §1.41 | 2.61 | 3.28
Pt 856hPa | .g.01(-0.23] 0.06 | 0.04 | 0.21 | 0.49|-6.01]-0.03|-0.02| 0.38 | 0.22 | 0.41 | -0.07|-0.00] 0.01 §1.12 | 1.14 | 2.0} 0.01 | -0.07] 0.18 | 2.21 | 6.73 | 1.10 | C7" 85€"P2 Je.01 |-0.10|0.18 [0.46 [6.84 (1.33 | 0.06 |-0.01(0.26 |6.18 |0.17 | 0.37] 0.08 |-6.04|0.30 |6.36 | 0.73 | 1.35§ 0.06 | 6.21 6.95 [J0.85 | 1.36 | 1.17
T 250hPa |.g.33[-0.11|-0.04|-0.10| 0.05 |-6.45]-6.43]-0.19] 0.08 | 0.63 | 6.32 |-0.44l -0.57|-0.35| 1.4800.26 | 3.95 | a.30 | -1.57|-6.42|-1.11)-0.34| 3.25 | 2.3 T 250"P2 |-0.29|0.58 |0.71 0.70 | 1.09 (0.69 |-0.43|-0.48|0.06 |-0.34)|-0.08|-0.48|-0.56| 0.57 | 0.96 J0.10 | 3.22 | 3.61]-0.78| 1.50 2.37 [J0.76 | 3.76 | 2.88
T soeehPa | .25 |6.33 [0.11 | 0.21 | 0.21 | 0.45 |-0.161-0.05| 0.60 | 1.15 | 6.13 | 0.78 N -0.52|-1.11|-1.2202.21 | 3.24 | 5.03) 0.20 |-1.47|-1.050 0.84 | 0.00 | 3.67}] T 5°0"P2 |©.37 |@.66 |6.68 [6.71 | 1.25 | 1.23 |-0.03| 0.54 [0.30 |0.29 |0.16 |0.55|0.32 | 0.39 | 1.12 |0.93 | 2.33 | 4.13]-0.25| 1.42 | 2.13 [Je.28 | 0.70 | 3.28
T ssonpa 108 1.05 | 6.85 | 0.66 | 0.81 | 6.71 | 0.26 | 6.37 | 0.65 | 6.60 | 6.47 | 0.26M -0.42| 0.16 | 0.74 D1.80 | 2.72 | 453} 0.30 | 0.22 | 0.75 | 1.70 | 0,80 | 3.7:j T ©°°MF@ |-0.21|6.05 |e.42 |0.58 | 6.81 |6.66-0.46|-0.09|0.60 | 0.50 (0.7 |-0.0)(-0.39|-0.27) 1.06 | 1.54  2.88 | 2.98 0.01 [0.16 | 2.52 [12.40 | 2.75 | 2.62

~ -
-20 -16 -12 -8 -4 8 12 16 20

Fig. 4. Scorecard (improvement rate, %) for atmospheric variables and regions at 00 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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Summary and Future plan

Bl Summary

O KIM-OSSE experiments: CTL (17 observations), EXP-1 (CTL+GeoHIS_1hr), and EXP-2 (CTL+GeoHIS_3hr)
- GeoHIS improves GPH in mid- to upper-level (500~250hPa)

- Noticeable improvement of GPH in middle-upper level over the Asia and East Asia region

R GPH at 500 hPa pressure level (00UTC)
egion
e Analysis field Forecast field
Northern hemisphere 8.4% (24~72 hrs) 1.4~2.8%
95% confidence level
Asia (East Asia) 9.0% (12%) (24 hrs) 3.2%, (72~120 hrs) 4.1~7.4%

- The higher temporal resolution (hourly) of GeoHIS enhances the improvement rate compared with its coarse counter part (3 hourly)

[l Future plan: GeoHIS DA improvement, Double- and multi-GeoHIS applications (obs. schedule, channel etc)

o Cho etal., 2025: Forecast Impact of the Geostationary Hyperspectral Infrared Sounder (GeoHIS) using the Korean Integrated Model-Observing System
Simulation Experiment (KIM-OSSE). Atmosphere-Korea, 35(1), 39-49 (in Korean with English abstract).
o Cho etal., 2025: KIM Forecast Impact according to Observation Density of the Next-generation GeoHIS: KIM-OSSE Experiment (in progress).
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Thank you for your attention!
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_ RMSEct.—RMSDEgxp

Forecast lmpact (hOlll'ly data) Improvement Rate(%) = x 100

RMSEcTL

Improvement rate (%) at 00 UTC ——

Globe Northern Hemisphere Tropics Southern Hemisphere Asia East Asia
8 |2 |4 |72 |9 [20| 8 |24 |48 |72 |9 |1w0)| 6 |M 48| 72|09 26| 6 |24|4 |72|9|w 8 | |4 |[72]0 we|o |u|4w]|7 % | n

0 706hPa |.1.64|-6.37|-8.41|0.15 | 6.51 [6.11|-6.76|6.17 | 6.38 | ©.73 [ ©.94 | ©.41|-2.19|-6.75|-6.86( 0.06 [ 0.26 | 0.66 |-1.34|6.10 |-0.67|-8.54( 6.37 |-0.38(-6.58| .21 | 2.14 ] 2.87 | 2.55 | 3.36| -3.46|-0.24| 2.13] 1.79 | 1.30 | 6.87|

Ws 250hPa .9.21|-6.54|-8.28)|8.29 | 0.27 |-0.19|-6.19|-8.04| 0.27 | 1.86 | ©.45 | 0.28 | ©.06 |-0.81|-1.13|-1.41|-0.68|-8.79|-0.46|-06.78|-6.21| ©.36 | 0.41 |-0.55|-06.22(-8.12|-1.68] 1.83 | 3.58 | 4.88]|-6.18| 1.67 | 0.13] 1.34 | 3.04 | 3.46

WS 500hPa |.9.25/6.16 | 0.15 [0.71|6.43 |0.27 [-0.14| 0.33 | 0.44 | 1.25 | 6.98 | 0.65 [-0.81(-0.15|-0.22(-6.85|-6.57 |-1.52] 0.60 [0.18 | 0.05 | 8.77 [ 0.20 [ 0.27 |-0.68|-6.22|0.33] 2.08 |3.26 | 4.02]]-1.12|-0.52(-0.50 1.44 | 1.97 | 1.06

WS 856hPa |.9.66|6.06 |6.42 [6.12|6.53 |0.14|0.06 | 0.16 | 0.53 | 0.85 | 6.22 | 6.37 -0.20(-0,54|-0.28(-1.23|-1.04|-1.26]-0.67(0.41 | 6.75 | 0.24 [ 1.32 (0,43 |-0.38|-6.34|0.15] 3.46 [ 3.05 | 1.90 ] -0.57|-0.19( 0,42 3.60 | 1.67 | 1.14

GPH 258hPa 13.77 3.63 | 0.77 [ 0.64 | 6.57 0.34 |11.38 3.64 (0.99 | 1.16 | 6.33 | 0.24 J15.48/ 3.77 |-0.38(-2.16(-2.74 |-3.33/12.08| 3.35 [ 1.51 | 1.68 | 1.65 | 8.79 11.72| 2.31 |-1.14) 3.24 | 5.24 | 6.66 9.95 | 1.68 |-3.654 0.38 | 3.55 | 5.17

GPH s0ehPa | o.74 | 3.77 | 1.5 | 1.26 | 0.97 |0.61 | 8.42 2.82 [ 1.34 | 1.44 | 1.18 | 0.80 [13.62{ 6.39 | 2.89 | 0.66 |-1.13|-1.06| 8.50 [ 3.17 | 1.28 | 1.23 [0.79 [8.30 | 0.01 | 3.18 | 1.41] 4.11 [ 5.73 | 7.38|22.04] 3.45 |-0.11] 2.84 | 2.92 | 3.15]

GPt 850nhPa | 9.g1(-0.23/0.06 0,04 |0.21 [0.49 |-0.01]-0.03(-0.02| 0.38 | 8.22 | 0.41|-0.04(-0.54]|-0.20|-0.53| -0.63|-0.58| 0.04 |-0.00| 0.70 [0.10 | 0.43 [0.76 |-0.07|-0.00| 0.00 | 1.12 | 1.14 | 2.04] 6.01 | -0.07| 0.18 2.21 |0.73 | 1.29

T 256hPa (.9.33|-0.11|-8.04(-8.10| 0.05 |-0.45]|-6.43|-6.19| 0.08 | 0.63 | 0.32 |-0.44]|-0.46|-1.26|-1.64(-2.53|-3.25|-3.78]-0.21| 6.63 | 0.55 | 0.22 [ 0.74 | 0,28 |-0.57|-6.35|-1.48] 0.26 | 3.95 | 4.36 | -1.57|-0.42|-1.110 -0.34| 3.25 | 2.34

T 500hPa |g.25/6.33(6.11|0.21 |6.21 [6.46 [-6.16|-0.065|6.08 | 1.15 |6.13 [0.78 | 1.69 | 1.62 |-6.62|-1.85|-2.18|-2.27|-6.76|-0.86| 0.83 | 0.50 | 1,64 [0.66 |-0.52|-1,11|-1.22§ 2.21 | 3.24 | 5.03] 6.20 |-1.47|-1.95 6.84 | 6.90 | 3.67

T 856hPa I 1.68 | 1.85 |0.85 0.66|6.81 |0.71)6.26 @.37 | 0.65|6.60 [6.47 |0.26 ] 1.96 | 1.39 [6.76 (0.34 [ 0.66 |0.69 | 1.17 | 1.36 | 1.08 | 6.88 | 1.06 | 0.89 |-6.42| 6.16 | 0.74] 1.80 [ 2.72 | 4.53] 0.39 | 8.22 | 0.75] 1.70 | 0.89 | 3.73
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Fig. 7. Scorecard (improvement rate, %) and statistical significance levels (1~3c, approximately 68~99%) for
atmospheric variables and regions at 00 UTC during the period of 5~25 October 2023. T, GPH, WS, and Q denote

1 1 1 -1 1 1di 0, 1 111 orea Meteorological Administration
temperature (K)3 g§0p0t§nt1al height (m), wind speed (m s™!), and relative humidity (%), respectively. Positive values O Lum:rical rlui d;;‘i‘;g e
and green color indicate improvement.



Improvement rate (%)

Table 6. Analysis and forecast impact (improvement rate, %) at 00 UTC based on GeoHIS data
assimilation in KIM.

00 UTC (Validation period: 10.5~25.)

Regions

. g Globe
eopotential heig Northern Hemisphere
(250~500 hPa) .
Asia
- t Globe
emperature Northern Hemisphere
(850 hPa) :
Asia

Analysis field

9.7~13.8%

8.4~11.4%

9.0~13.0%
1.1%
0.3%
-0.4%

0.3~3.8%
0.9~3.6%
1.4~7.4%
0.7~1.1%
0.3~0.7%
0.2~4.5%

Forecast field (24~120hrs)

&

Korea Meteorological Administration
Numerical Modeling Center



Observation density impact (1 vs 3 hrs)

3hr-temporal

resolution

l1hr-temporal

resolution

Improvement Rate(%) =

RMSEcr,—RMSDgxp

x 100

RMSEcTL
2023100500 - 2023102500, TARGET INIT, KATSTYLE
Globe Northern Hemisphere Tropics Southern Hemisphere Asia East Asia
8 | 24 | 48 | 72 | 96 |120 | 8 | 24 | 48 | 72 | 96 | 120 | ® | 24 | 48 | 72 | 96 | 120 | & | 24 | 48 | 72 | 9 | 120 | 8 | 24 | 48 | 72 | 96 | 120 | & | 24 | 48 | 72 | 96 | 120
Q 700hPa |.p.17(0.01 |-0.27(-0.08|0.18 |-0.20|0.20 |-0.37|-0.67(-6.46]| 0.27 |-0.35|-6.31|0.14 |-0.30|-0.12|-0.02|-0.32(-6.28|0.22 | 0.58 [0.69 |0.52 | 0.37f 0.70 | ©.36 | 1.39 | 1.26 | 1.89 | 1.63 |-0.86|-0.09( ©.51 | 0.69 | 2.06 |-0.60
WS 258hPa |.p.26(0.04 | 0.15|0.87 | 1.38 | 1.20 |-6.51(-0.04|0.04 | 0.92 | 0.34 | 0.08 | ©.26 |-0.27(-0.77|-0.81|0.58 | ©.33 |-0.53| 0.40 | 0.89 | 1.57 | 2.54 | 2.37 | 0.02 |-0.24| 1.67 | 6.94 | 2.86 | 4.17 |-0.31| 0.60 | 2.39 | 0.74 |3.66 |4.32
WS 500hPa |.9.11|0.08 |6.69 |0.58 |0.84 |0.91|-6.63|06.31 |06.14 |06.25|0.56 | 0.31-0.26(0.27 [-6.01|-0.37|-0.30|-1.31|-6.11|-0.18| 6.12 | 1.67 [ 1.30 | 1.72)|-0.09| 0.01 [0.68 | 1.21 | 1.85 |3.75 |-6.54|0.01 | 1.36 | 0.59 | 2.43 | 2.08
WS 856hPa |g.04|0.01|0.34|0.73|0.72 |0.390.06|06.10 |0.63 |0.65|0.10 |-0.14| 6.21 | 0.04 [ ©.35 |-0.17|-0.66|-0.64|-6.12|-0.09|0.11 | 1.22 [ 1.69 | 1.10ff 0.01 | 0.19 [ 1.12 | 3.03 | 2.39 | 1.11 |-0.28|0.24 | 1.47 | 3.21 J2.20 | 1.71
GPH 256hPa B .31 (3.10 | 1.63 | 1.83 | 1.94 [ 1.58 | 5.36 | 2.44 | 0.51 | 0.43 | 0.87 [ 0.86 |7.42 | 4.17 | 2.42 | 1.19 | 0.54 | ©.47 | 5.29 | 2.05 | 1.80 [ 3.22 | 3.24 [2.14f 2.98 | 2.13 |0.66 | 2.62 | 3.42 | 4.37 | 4.39 3.23 | -0.48 | 0.80 | 2.27 |3.57
GPH 560hPa N7 76 |1.30 | 1.84 |1.38 | 1.45 |1.22 |2.24 | 1.00 |0.74 | 0.36 | ©.95 | 0.66 | 4.44 | 2.85 | 1.91 | 1.16 | 8.22 |-0.20| 1.95 | ©.66 | 1.80 | 2.04 | 1.77 | 1.494 1.67 | 1.72 | 1.89 | 1.87] 3.30 | 4.57 | 4.30 | 2.99 | 1.24 | 1.41 |2.61 |3.28
GPH 858hPa B .01 |-0.16|0.18 |0.46 |6.84 [1.33 |0.06 [-0.01|0.20 |0.18 |0.17 [ 0.37 |-0.81|-0.17|6.67 |-0.43|-0.13|-0.26|-6.11|-0.21|6.34 [ 1.76 | 1.99 | 2.61f 6.08 |-0.04(0.30 | 06.36] 0.73 | 1.35 | 0.06 [0.21 | 0.95 | 0.85 | 1.36 | 1.17
T 256hPa |.p.20|0.58 |0.71|0.70 | 1.09 |0.60 |-6.43|-0.48| 0.06 |-06.34|-0.08|-0.48] 6.61 | 0.69 [ 1.28 | 6.57 | 0.15 | 6.19|-6.41|1.20 | 1.66 | 1.60 | 2.34 | 1.68|-06.56(0.57 [0.96 | 6.10 | 3.22 | 3.61 |-6.78| 1.50 | 2.37 | 0.76 |3.76 | 2.88
T 50@hPa |pg.37 |0.66 |0.68 |0.71|1.25 |1.23 |-6.63|0.54 |0.30 |0.29 |0.16 |0.55| 1.26 | 1.66 | 1.23 | 0.28 [0.39 | ©.31|-6.15(-0.32| 0.64 | 1.30 | 2.36 | 1.82 | 0.32 | 0.39 | 1.12 | 6.93 | 2.33 |4.13 |-0.25| 1.42 | 2.13 | 0.28 Jo.70 |3.28
T 850hPa §.9.21(0.65|0.42 |0.58 |0.81 |0.66 |-6.46(-0.09|0.60 [ 0.50 | 0.07 |-0.0900.35 | 0.43 | 0.04 |-0.03|0.56 | 0.13 |-0.36(-0.09|0.54 [ 1.60 | 1.44 | 1.35§-6.39(-6.27| 1.06 | 1.54] 2.88 | 2.98 | 0.01 | 0.16 | 2.52 | 2.40 |2.75 | 2.62
Globe Northern Hemisphere Tropics Southern Hemisphere Asia East Asia
8 | 24 | 48 | 72 | 96 |120| 8 | 24 | 48 | 72 | 96 | 120 | @ | 24 | 48 | 72 | 96 | 120 | B | 24 | 48 | 72 | 96 | 120 | @ | 24 | 48 | 72 | 96 | 120 | ® | 24 | 48 | 72 | 96 | 120
Q 700hPa |.1.64(-6.37|-0.41|0.15|0.51 |0.11|-6.76(6.17 |0.38 [0.73 |0.94 |0.41|-2.19|-06.75|-0.86| 6.66 | 0.26 | 0.06 |-1.34|0.16 |-0.07(-6.54| 0.37 |-0.30§ -6.58| 0.21 | 2.14 | 2.87 | 2.55 | 3.36 |-3.46|-0.24( 2.13 | 1.79 | 1.30 | 0.87
WS 256hPa |.g.21|-0.54|-6.28|0.29 | 0.27 |-0.19|-6.19|-0.04| 6.27 | 1.06 | 0.45 | 0.28 | 6.06 |-0.81(-1.13|-1.41|-0.68|-0.79|-0.46|-0.78|-0.21| 0.36 | 0.41 |-0.550-0.22|-0.12(-1.68| 1.83 | 3.58 | 4.88 |-6.10| 1.67 | 6.13 | 1.34 |3.04 | 3.46
WS 568hPa |.9.25/0.16 |0.15 |0.71|0.43 |0.27|-0.14|0.33 [ 0.44 | 1.25|0.98 | 0.65|-0.81|-0.15(-6.22|-0.85|-0.57|-1.52| 0.60 | 0.18 [ 6.65 | 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 856hPa |.9.06)|0.06 |0.42 |0.12 |0.53 |6.14|0.86 |6.16 | 0.53 | 0.85 | .22 | 0.37 |-0.20(-0.54(-8.28|-1.23|-1.84|-1.26]-0.67|0.41 | 8.75 | 0.24 | 1.32 | 0.43)|-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 256hPa M33.77|3.63 | 0.77 | 0.64 | 0.57 | 0.34 |11.38|3.64 | 0.99 | 1.16 | 6.33 | 0.24 [}15.48| 3.77 |-6.38|-2.16|-2.74|-3.33|12.96] 3.35 | 1.51 | 1.68 | 1.65 | 0.7911.72| 2.31 |-1.14|3.24 ] 5.24 | 6.66 | 9.95 | 1.68 |-3.05| 0.30 |3.55 | 5.17
GPH 560hPa N9 74 |3.77 | 1.55|1.26 | 0.97 |0.61|8.42 | 2.82 | 1.34 | 1.44 | 1.18 u.aalu.ai 6.39|2.89 [ 0.60 [-1.13(-1.96|8.50 [ 3.17 | 1.28 | 1.23 | 0.79 (0.39]§ 9.01 | 3.18 | 1.41 [ 4.11] 5.73 | 7.38 |12.@4( 3.45 |-0.11| 2.84 |2.92 |3.15
GPH 856hPa N.9.91|-0.23|0.06 | 0.04 | 0.21 |0.49 |-0.01|-0.03|-0.02| 0.38 | .22 | 0.41 [f0.04|-0.54|-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 | 1.12] 1.14 | 2.04 | 0.01 |-0.07| 0.18 | 2.21 J0.73 | 1.19
T 256hPa |.9.33)|.0.11|-0.04|-0.10|0.05 |-0.45|-0.43|-0.19(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 560hPa |p.25(0.33|06.11|0.21|0.21 |0.46|-0.16(-6.65(06.00 [ 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 | 0.60-6.52-1.11|-1.22| 2.21 ] 3.24 | 5.03 | 0.20 |-1.47(-1.95| 6.84 J0.90 | 3.67
T 856hPa N 1.08|1.05|0.85|0.66|0.81 |0.71|0.26|0.37 |0.65|0.60 | 0.47 | 0.26 [J1.96 | 1.39 (.76 | 0.34 | 0.66 | 0.69 | 1.17 | 1.36 | 1.08 | 0.88 | 1.06 | 0.89}-0.42|0.16 [ 0.74 | 1.80 | 2.72 | 4.53 | 0.39 | 0.22 [ 0.75 | 1.7@ Je.89 |3.73
-l -
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Improvement rate (%) at 12 UTC

2023100512 - 2023102512

TARGET INIT, KATSTYLE

—————————————
Globe Northern Hemisphere Tropics Southern Hemisphere Asia East Asia
-] 24 48 72 9 120 L] 24 48 72 96 120 L] 2 48 72 9 128 L} 2 48 72 96 126 B 24 48 7 926 126 -] 24 48 72 96 128
0 780hPa -1.56|-8.57|-06.45(0.09 | 6.68 | ©.12§-6.64|-6.24|-6.28|0.44 | 6.21 | 8.574-2.18(-0.88|-0.66|-0.62(-0.03 (-6.11|-0.96| 0.01 | 6.65 |-6.26| 6.16 |-6.64 -0.44|06.44 | 1.13 |0.88 |-6.67|3.64 §-3.31| 0.47 | 8.77 | 1.48 |-1.23 | 1.73
WS 256hPa -8.37|-0.56|-6.21(0.18 |-6.41|-0.058-6.19|-6.11|-6.44|6.22 | 6.21 | 1.36-0.43(-0.86|-0.76|-1.68(-1.23 (-1.27|-0.48|-6.51|6.46 | 6.79 |-0.64|-6.94 ©6.12 |-2.11(-6.56|0.27 | 2.53 | 1.54 §-1.69|-1.66|-1.13(-1.35/-1.13| 3.23
WS 508hPa |.9.31|-0.67|-0.17(0.58 [0.74 | 0.18] .08 | 6.07 [0.62 [6.83 | 1.38 | 1.e1|-0.86(-0.22(-0.83(-0.58|-0.12|-0.37| -0.27-0.13|-6.51( 0.74 | 0.40 [-6.32 -0.36(-6.29( .23 | 1.61 | 2.91 | 2.26 |-0.65|-8.30|-1.00|-6.71| 0.56 | 3.6
WS 850hPa 9.060 | 0.68 |-6.21(-0.09|-6.12 | -9.3586.00 | 0.66 | 6.07 | ©.57 | 6.87 | 0.814-0.64(-8.47|-60.81|-1.22(-1.84 (-1.31| 0.03 | 0.46 |-0.07|-6.83|-0.45|-6.76 0.1 |-0.28(0.57 |6.98 | 2.11 | 2.63 J0.65 |-0.48|0.12 | 0.17 |-1.68| 1.53
GPH 258hPa e 11.25| 1.96 |-0.32(6.32 11.26|3.65 | 2.04 | 1.82 [ 1.15 -1.121-2.19| 1.02 | 5.06
GPH 508hPa 19,95 |3.76 | 1.22 | 1.04 [0.87 |0.538.11 |2.29 | 0.93 [ 0.90 8.75(3.25 | 1.09 | 1.34 | 1.29 [-0.42 9.61 [ 1.66 -0.52|0.40 | 1.45 | 3.73
GPH 858hPa | 9 02 | .01 |-6.18(0.09 | 6.24 [0.44-0.03|-6.00(0.00 | 6.06 | 0.48 | 1.20 0.67 [-0.05(-0.43|-0.30|-0.52|-6.35| 0.07 | 8.21 |-6.15|0.60  1.11 [6.22  -6.81|-6.05| 6.65 0,66 | 0.36 | 2.22 |-6.05|-0.16(-0.12| 6.30 |-6.44| 1.29
T 250nPa |.9.38|-0.32-0.29(0.07 [0.37 |-0.65]-0.34| 0.52 | 0.12 [ 0.52 | 6.94 | 0.12}|-0.34-1.87(-2.74|-2.42|-2.30|-2.39] -0.45[ 0.00 | 0.55 [ 0.68 | 0.75 |-0.79 -0.79|-0.77|-0.75| 6.61 | 1.22 |-0.12}-1.79|-1.22|-1.29|-2.14|-2.15 | 6.0
T 500hPa )0.19|0.42 |-0.23(0.32 |0.43 |0.68)0.30 | 0.25 [0.02 [0.39 | 0.98 | 2.50 1.58 | 1.16 [-0.76-1.65|-2.16|-1.68]-1.12|-0.12|-0.01( 1.38 | 0.87 |-6.27 -0.64(-0.19| 6.54 | 2.00 | 4.40 | 3.88 Jo.50 |-0.21|-0.54|-0.40]-0.10 | 3.6
T 8506hPa 1.27 (0.83 |6.35)|6.37 (06.39 |0.2106.35 | 0.35 |6.01 ([6.31 |6.49 (1.47§2.23 | 0.96 (0.46 [0.61 |-0.62|-6.14] 1.32 | 1.14 | 6.55 | 6.66 | 0.51 |-0.57 -0.04|6.69 | 6.52 (1.13 | 2.16 (4.13 §0.57 | 1.16 | 6.01 |-0.09|-0.069 | 3.84
—~l I T
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Fig. 8. Same as Figure 7 except for the 12 UTC.

Improved

Degraded

Korea Meteorological Administration
Numerical Modeling Center



True

Perturbation

Simulated
Observation

ché

90°N

60°N

30°N

30°s

60°E 120°E 180° 120°'W 60°W

Total: 2335207.0

250 260
K

SO0N min= -6.849 max= 8.289 mean= -0.000 stdv=_ 1.500
| T

60°N

30°N

90°s.
o 60°E 120°E 180° 1204w 60°W

Total: 2335207.0

ch14

- min=_ 209.976 max=_ 238.195 mean= 231.308 stdv=_ 4.930

3 60°E 180° 120°W B0°W
Total: 2335207.0

300

20N min= -6.849 max= 8.289 mean= -0.000 stdv=  1.500

60°N

60°E 120°E 180° 120°W

Total: 2335207.0

ch25

90°N min=_217.055 max= 255.361 mean= 245.694 stdv=_ 7.257

60°N

30°N

< 4
30°s
60°5 — |
90°5 I
o 60°E 120°E 180° 120°W 60°W

Total: 2335207.0

200 210 220 230 240 250 260 270 280 290 300

80°N

60°N

90°5
o 60°E 120°E 180° 120°W 60°W

Total: 2335207.0

90°N min=_ 204.051 max= 233.356 mean= 222.770 stdv= 2.874

30°s

90°s
o 180°

Total: 2335207.0

30°5 |-

90°5
o 60°E 120 180° 120°wW 60°W

Total: 2335207.0

S0°N 245.694 stdv=__ 7.411

- 1
e |
|

60°E 120°E 180° 120°W 6O*W
Total: 2335207.0
200 210 220 230 240 250 260 270 280 290 300
K

Korea Meteorological Administration
Numerical Modeling Center



Method and Data

O Similarity between NR and real atmosphere

Table 2. Information about the ECO1280 Nature Run dataset. ) Comparlson of E -5 1n zonal-averaged temp. and w/v-vector.

ECO 1280 Nature Run dataset (Cucurull et al., 2024)
Model ECMWEF (IFS cycle 43r1)

- GPCP monthly mean precipitation amount (Han et al., 2023)

CIRA/CSU (Cooperative Institute for Research in the
Atmosphere at Colorado State University)
Coordinate | Cubic octahedral grid

Distribution NR precipitation

GPCP precipitation

Resolution | Hor.: 9 km, Ver.: 137 layers (TCo1279L137)
14 months (2015. 9. 30.~2016. 11. 30.)
- Oct. 2015 (1 month): 1 hr interval, others: 3 hr interval

Period

s
mm/day

Fig. 3. Comparison of monthly mean precipitation amount (mm/day) between Nature Run
and GPCP in October 2015.

Korea Meteorological Administration
*ECO: ECMWF Cubic Octahedral, GPCP: Global Precipitation Climatology Project, ERA-5: ECMWF Reanalysis v5 Q Nupeical ecelingrCaey



