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KIM, Korean global NWWP model

i

The Korea Institute of Atmospheric Prediction Systems (KIAPS)
delivered the global NWP system to the Korea Meteorological Administration (KMA)

KIM: Korean Integrated Model

Cubed sphere grid structure global model
Horizontal resolution: NE360NP3 ~ 12km
Vertical resolution: 91 levels with 1 Pa top

Dynamics

Numerical
method

Spectral Element method

Spherical grid

Cubed-sphere (Equi-angular
gnhomonic projection)

Equation

Non-hydrostatic
(Perturbation form)

Temporal
approximation

Split-explicit RK3,
second-order
for nonlinear equation

Explicit spatial
diffusion

6t order horizontal diffusion
+ divergence damping

Physics
RRTMG- K (Baek 2017)
Noah LSM (Koo et al. 2017)

Scale- aware PBL
(Shin & Hong 2015)
Scale- aware CPS(KIAPS- SAS)
(Han and Pan 2011,
Kwon and Hong 2017)
Adjustment SCV
(Hong et al. 2013)
WSM5 MPS (Hong et al. 2004)
Prognostic cloud (Park et al. 2015)

KMA has been operating
UM and KIM in parallel
since April 2020.
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KIM performance

Weighted average of % differences between ECMWF CBS scores and CBS scores from other centres

Weighted RMSE %age differences relative to ECMWF

(Components and weightings match those used in Met Office global index formulation)

Met Office — ECMWF — Meteo-France — ECCC — _KMAUM — BoM RMSE - RMSEECMWF
NCEP — JMA — DWD [ KMAKIM —  Met Office RMSE X W,
component (c) B
T T T T ' T T T T T
50 |- T i R 1 .
KIM made where ). w, = 100

operational at KMA

Component weights w
Area Parameter Forecast range
T+24  T+48 T+72  T+96 T+120
NH PMSL 6.4 6.4 6.4 6.4 6.4
500 hPa GPH 24 24 24 24 24
250 hPa Wind 24 24 24 24 24
TR 850 hPa Wind 2.0 20 2.0 2.0 2.0
: 250 hPa Wind 1.2 1.2 1.2 1.2 1.2
1
' SH PMSL 3.2 3.2 3.2 3.2 3.2
1
' ] 500 hPa GPH 1.2 1.2 1.2 1.2 1.2
l
1
1
1
:

3 250 hPaWind 1.2 12 12 12 12
| | | | | | | ' -  Verification against own analyses
. A% A2 10 20 o 7° 1> > g . .
\0&“ 93979 03“10 o 2 \0&“ cjev"p 0@,&° o » \\:.010 « 1.5°x 1.5° verification grid

Plot produced using Met Office software, with permission
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Data assimilation of KIM, 4DEnVar

= KPOP : Observation Preprocessing
= H4DEV : Variational DA
= LETKF : Ensemble DA

//' Higher resolution

A Y
] |
| :
| | I 1
: v High res. High res. |, :
| Forecast analysis i
L J
{’"""""""""""""""" ’ TTTTTTTTTTK T T T T TTTTTTTrmmmmmmmmmmmmm \\
I p ,
; ? I
| > 2| > gy
: - Ensemble @ | =~ Ensemble | :
: Forecasts g Analyses i
l 1
e e e e e e e e MINIKPOP |1

Lower resolution
KMA : .
Operational StaticB :0.7
(KIM3.6a) Ensemble B: 0.3 o
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Experiment setup

_

Model KIM3.7 (next candidate, Dec 2021) low resolution (ne180, 25 km)

H4DEV (Hybrid 4D Ensemble Variational DA) (ne144, 32 km)

Do Used data: sonde, surface, aircraft, scatwind, amsua, atms, mhs, mwhs2, amsr2, iasi, cris,
csr(gk2a, himawari, msg), amyv, gpsro
Execution period Summer 1.5 mon (2020.06.15. ~ 07.31.)
Evaluation period Summer 1 mon (2020.07.01. ~ 07.31)
CTL without Aeolus
with Aeolus
EXP « Spatial thinning resolution = 300 km

* Observation error inflation = 1.5 times

* Mie in cloudy & Rayleigh in clear sky

. Rej_ect!on: altltqde below 1 km . jﬂ\l-%]EEE“E.JﬂEi
» Rejection: confidence flag 1



RMSE difference of wind speed
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Improved
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mean = -0.007, min = -5.249, max = 5.253

0 S0E 60 SOE 120F 160E 180 150W 120W 9OW BOW 30W

I = [
3 25 2 15 1 05 D202 05 1 15 2 25 3
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3 day forecast
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mean = -0.033, min = -2.804, max = 2.603
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5 day forecast
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200 f ' " IH o4
o ' ' 03
' Loz
400 ‘ l - 0.1
- 0.05
wlDegraded Bl
L 01
H 02
700 {5
0.3
0.4
850 05
925 | | -0.6
1000 + IH d

90S 60S 308 EQ 30N BON 90N

mean = 0.008, min =-10.474, max = 13.861

0 O90E EOE SOE 120 150E 180 150W 120W S0W 6OW 30W

=] I =
4 25 2 15 -1 05 02 02 05 1 15 2 25 3

mean = 0.007, min = -4.537, max= 4.959

Wind speed improved up to 3 days forecast in southern hemisphere. W
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RMSE difference of geopotential
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3 day forecast

Impro
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mean = -0.131, min =-56.139, max = 61.683
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Geopotential improved up to 3 days forecast

5 day forecast
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RMSE difference of temperature

1 day forecast 3 day forecast 5 day forecast
10 ; g 10
50 50
100 12 100 12 100 12
150 1 150 1 150 1
200 0.8 200 0.8 200 0.8
300 0.6 300 0.6 300 0.6
0.4 H 0.4 H 0.4
400 -{0.2 400 —02 400 Ho.2
%00 H 0.1 o — 0.1 - - 0.1
—-0.1 —-0.1 —-0.1
—-0.2 —-0.2 —-0.2
0.4 04 [ -04
700 700 700
0.6 0.6 06
0.8 -0.8 0.8
850 A 850 4 850 A e
925 1.2 925 1.2 925 1.2
1000 . : : 1000 1000 . : .
90S 60S 30S EQ 30N 60N 90N 90S 60S 308 EQ 30N 60N 90N 90S 60S 308 EQ 30N 60N 90N
mean = 0.000, min = -4.614, max = 4.263 mean = 0.002, min = -6.963, max= 5.716 mean = 0.007, min = -7.642, max= 9.222

A ' 4 k k 0N
b S e
&N -V@M P —ﬂ—ﬁ"‘ : e S i &N
R < i . e e :
500 hPa =[5 L X 4 =
gy ¢/ | g o O T £Q
T L ks . z"
28| Y r:—\u}? ;b L_’,/’ | 208
o R G g o & T e St (O - i
08 W @0E 90E 1206 150F 180 50 120W SOW BOW S0W 08 HE 0E 90E 1206 150F 180 150W 120W SOW BOW S0W 308 O 30E S0 SOE 120F 150F 130 50W 1Z0W GOW OW S0W
I —— | [ B EE—— | [ e
42 1 08 05 04 02 01 01 02 04 DE 0B 1 12 42 1 08 05 04 02 01 01 02 04 DE 0B 1 12 12 -1 08 06 -04 02 01 01 02 04 06 0B 1 12
mean = -0.010, min = -0.572, max = 0.427 mean = -0.010, min = -0.945, max = 1.061 mean = -0.004, min= -1.941, max = 1.555
Temperature looks neutral. W
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RMSE difference of humidity

1 day forecast 3 day forecast 5 day forecast
300 300 300
0.12 0.12 0.12
400 0.1 400 0.1 400 0.1
0.08 0.08 0.08
500 0.06 500 0.06 500 0.06
- 0.04 — 0.04 0,04
- 0.02 - 0.02 l - 0.02
- 0.01 - 0.01 - 0.01
--0.01 --0.01 -0.01
700 I m p I’OVGd 0.02 00 ' 0.02 e | -0.02
-0.04 -0.04 -0.04
-0.06 -0.06 -0.08
850 -0.08 850 D eg ra d ed -0.08 850 D eg rad ed | -0.08
o5 -0.1 925 i 925 | o
-0.12 -0.12 ‘ -0.12
1000 1000 1000 ++ — :
90s 605 308 EQ 30N 60N 90N 90s 605 305 EQ 30N 60N 90N 90S 605 305 EQ 30N 60N  9ON
mean = -0.001, min = -5.465, max = 1.627 mean = -0.000, min = -4.525, max = 3.712 mean = 0.000, min = -3.853, max = 7.278

SON S0N G0N
,ag«”huu--:h
GON BON = G0N
vt §° PrAc
700 hPa = . m J“j’ 5 -
EQ EQ {7, .4»,,-0&,\ . & k? EQ
a08 as] \ /Y " {-\ (}: i s 308
;s . FAg
WSy ST T e et o gt SR e e e
0 30E &0E S0E 120E IS0E 180 150W 120W SOW 60W 30W mo J0E SOE GOE 120E 1G0E 180 150W 120W S0W S0W 30W wsl” SC‘E OC'DE 96E12‘0E15& 1&0 156W1203W90.WW'W'36W
N | EET T [ [ [ [ e [ I O -
42 -1 08 06 04 02 01 01 02 04 06 OB 1 12 42 -1 08 06 04 02 01 01 02 04 06 OB 1 12 12 -1 -08 46 04 02 07 01 02 04 06 08 1 1.2
mean = -0.005, min = -0.807, max = 0.866 mean = -0.003, min = -1.132, max = 1.075 mean = -0.002, min = -1.204, max= 1.626
Humidity improved in early forecast. T
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Improvement ratio of forecast

Southern Hemisphere Tropics Northern Hemisphere
fest Yoo 24 a8 72 96 | 120] 00 24 a8 72 96 120| 00 24 48 72 | 9% 120
time (hr)
Humidity s700hPa Jo48 | 125 145 041 004 009) 027 049 053 037 011 ©001f 012 014 027 012 083 04
w250hPa | 213 | 202 243 172 063 ©05] 069 036 017 001 029 096 | 059 033 04 012 005 013
Wind Speed  wsoohPa | 283 203 191 116 015 -055| 247 148 069 087 059 012 | 047 015 034 052 075 033
was0hPa [ 137 | 135 104 005 054 049] 132 036 044 02 059 049) 034 04 | 022 031 053 049
250hPa |7.52 | 521 326 247 o057 088l 138 202 203 181 233 223 ) 273 147 064 003 151 055
Geopotential
00hPa |421 357 257 132 | 03 a1o0l-118 103 127 o061 063 057 ) 079 131 o062 101 282 075
850hPa |029 076 136 017 .05 053157 22 034 024 154 053} 073 118 019 112 251 033
t250nPa [1.78 | 182 | 154 174 028 020173| 14 139 10 o086 128 ] 088 087 087 108 141 106
Temperature  conoa |52 22 178 154 o064 015 181 074 00 024 028 069 | 151 087 064 021 071 055
t850hPa |-0.30 | 015 02 028 032 033|117/ 034 o004 011 04 ©033] 057 032 033|003 054 044
=20 —llﬁ —l]|.2 —IS —I4 CI] ‘!l l|2 l|5 7In
Degraded Improved
with Aeolus with Aeolus
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Improvement ratio of forecast

Southern Hemisphere Tropics Northern Hemisphere
S 004 2 0.04 2 004
o o o
Zonal wind E 0.02 }__%\\%\<L¥ g 0.02 }\\9—45-{__4 g 0.02 -;’4;\: |ﬁmy0 ed
E 000 I £ 0.00 ! € 000 1=
500hPa o 7 ] o i
S 002 S 002 S 002 T
g 2 = Degraged
= .0.04 = -0.04 = -0.04
o 1 2 3 4 5 6 o 1 2 3 4 5 6 o 1 2 3 4 5 6
Forecast day Forecast day Forecast day
Southern Hemisphere Tropics Northern Hemisphere
-% 0.06 -% 0.06 % 0.06
E o004 L 004 L o004 N
Geopotential § oo m\ @ 002 g . ] @ 002 I\/M\‘ Impfoyed
E 000 L L1 E 000 I E 000 T
500hPa o o T Y T ) T l
S 002 T\' 3 -002 g 002
E— -0.04 g— -0.04 g— -0.04 Dedraded
= -0.06 = .0.06 = -0.06
o 1 2 3 4 5 6 o 1 2 3 4 5 6 o 1 2 3 4 5 6
Forecast day Forecast day Forecast day
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Summary

We have assessed the forecast impacts of assimilating Aeolus wind data
in the Korean global NWP model (KIM) system.

Assimilation of Aeolus gives a globally significant benefits for 1~2% reduction
of the winds RMSE in Southern Hemisphere and tropics up to 3 days forecast.

In the Southern Hemisphere, Aeolus gives a large improvement in initial field of
the geopotential height, but the positive impact can not be last up to 4 days forecast.

In the Northern Hemisphere, the improvement of the initial field is smaller
than in Southern Hemisphere, but the positive effect persists up to 4 days forecast.
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