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KMA multi-model ensemble(MME) prediction system that integrates KIM, UM, ECMWEF global and ensemble
models was developed and its performance was evaluated. KMA MME showed the better performance than
ECMWF ensemble model, which is the best member model.

“*Members : ECMWF, UM(Unified Model), KIM(Korean Integrated Model)
- UMG (UM global model ; 10kmL70)
- KIMG (KIM global model ; 12kmL91)
- ECMG (ECMWEF global model ; 9km L135)
- UME (UM global ensemble model ; 32kmL70, 25 members)
- KIME (KIM global ensemble model ; 32kmL91, 26 members)
- ECME (ECMWEF global ensemble model ; 18kmL135, 51 members)
%2020 version : UMG+ECMG+UME+ECME
%2021 version : UMG+ECMG+UME+ECME+KIMG
%2022 version : UMG+ECMG+UME+ECME+KIMG+KIME

UM (Unified Model) : KMAs operational model, introduced from UKMO and used for 12 years.
“KIM (Korea Integrated Model) : KMA's new operational model which was developed
by KIAPS* for 9 years since 2011 and has been in operational since 2020. Based on

cubed sphere grid system.
* KIAPS: Korea Institute of Atmospheric Prediction System.
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Cubed sphere grid

“ ECMWF models : Received from ECMWEF twice every day

KIMG UMG ECMG KIME UME ECME
. 9km L135 18km L135
Resolution 12km L91 10kmL70 32km L91 32km L70 | (Surface 25kmL3)
(25kmL25)
(Upper 50kmL3)
Forecast time 12 days 12 days 10 days 12 days 12 days 12 days
Grid system | Cubed sphere Lat-lon Lat-lon Cubed sphere Lat-lon Lat-lon
No. of members 1 1 1 26 25 51
\ Resolution: 10km L3 (Surface, 850, 500, 200 hPa) / Lat-Lon /
§ MME 10 days forecast / East Asia domain/ 6 members y

Verification - RMSE (MME 2020)

500 hPa Height RMSE improvement rate (%)
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*ECME : Best member model
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“E2R > ETR, E3R and E4R
“*Too much detailed weight or too
e much simple weight did not show
2 better performance than domain
averaged weight(E2R)
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<RMSE Improvement Rate(%) of MME against best member>

“*Except for E1R, All MMEs better than

“*Ensemble modes better than global

B . | B-E 12, 16, 110, 114, 120 did not significantly

“*Weights inversely proportional to the error

“*MME: Weighted average of member models based on weights.

Weights ﬁ MME n Weighted average
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“AVG: Same weights (simple mean)

“ETR f(x,y,t,zV) : different weights for each grid point and forecast time

“E2R f(t,z,v) : different weights (horizontal domain-averaged) for each forecast time
“E3R f(x,y,z,v) : different weights for each horizontal grid (time-averaged)

“E4R f(z,v) : Averaged weight for grid points and forecast times
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Forecast time:
E1R=f(x,y,t,z,V)

E2R=1(t,z,v) o Y- Yy-Oric

: Z : Z-gric
E3R=1(x,y,z,v) . t : forecast time
E4AR=f(z,v) L Vv : variable

12 : Average of E2R for the past 1 day from now
16 : Average of E2R for the past 3 days from now
110 : Average of E2R for the past 5 days from now

114 : Average of E2R for the past 7 days from now
&IZO . Average of E2R for the past 10 days from now

Time Series of Weights (MME 2022)

Time Series of weight for 500 hPa height - 5 day forecast Time Series of weight for 2m temperature - 5 day forecast
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UMmG -——KIMG —-—ECMG -—UME --—KIME —ECME

\ECI\/IE> ECMG> KIME> UME> UMG> KIMG

UMG ——KIMG

KIME> ECME> UME> ECMG> KIMG> UI\/IG/

Best member model Elements AVG  E1R E2R E3R E4R
500hPa height 032 -54 1.3 078 1.13

850hPa U wind 034 -505 145 108 122

500hPa U wind 024 -504 134 082 1.16

200hPa U wind 155 -415 255 201 2.5

850hPa V wind 035 -521 142 101 1.21

FCMIWE Ersemble 500hPa V wind 032 553 0.8 035 065
200hPa V wind -091 -6.21 0.32 -001 0.27

850hPa humidity 1.01 -525 2.41 1.8 2.09

10m U wind 1.81 -394 275 215 2.5

10m V wind 1.3 -424 229 179 204

Accumulated precipitation  0.32 -1421 1.38 -482 1.24

Mean sea level pressure -5.87 4.7 472 10.25 054

Sl [Emesimlsle et 850hPa temperature  -258 133 268 693 071

“ E2R (domain-averaged) selected as optimal weights

“* The excellent performance of E3R for MSLP and low-level temperature: biased results
caused by using UM analysis field as a reference field for weight calculation.

% Also, E3R cannot be used for precipitation, because if the model predicts no rain for
no rain areas, the model error becomes zero and weights cannot be obtained properly
at that area.
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Verification - BIAS (MME 2020)
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UME = —ECME ——NMME

“ ECMWEF models: weak negative bias

“ UM models: strong negative bias

“* MME: negative bias

%0 > ECME > ECMG > MME(E2R) > UMG > UME

“ ECMWEF models: positive bias
“* UM models: negative bias
“* MME: smallest bias

 ECME > ECMG > MME(E2R)-~0 > UMG > UMD

Summary for MME 2020 version

“KMA MME established by merging UM and ECMWF global and ensemble models
“*MME better than any other member model

“*The ensemble models better than the global models

“E2R (horizontally domain-averaged weights) better than E1R, E3R and E4R

“E2R selected as the optimal weight.

“+E1R(detailed) and E4R(simple) did not showed better performance than E2R
“*Averaging weights for several days not much effect

\020When the bias of the member model evenly distributed, smallest MME bias.

“+The excellent performance of E3R for MSLP and low level temperature: a kind of biased results.
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Verification - RMSE (MME 2021 & 2022)

RMSE Improvement rate (%) of MME 2022 against ECMWF ensemble model

= TP: precipitation

850R: 850hPa relative humidity
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I\/II\/IE 2022 (I\/II\/IE6) better than ECME

merging members (Al,..)
500 hPa height improvement rate(%) against ECMWF ensemble model
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precipitation and tropical
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\ cyclone intensity
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16.10  15.99 15.60
15 1047 1126 1043 11.02 .
10 o, 794 I 875 “ How to select member models
s 3.25 3.64 . . .
) I I I I I I (Evenly distributed bias)
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% More sophisticated method in
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MME 2022 (MME6) / MME 2021 (MMED5)

\_

Performance: MME6 > MME5 > ECME > KIME > KMA-UME > ECMG > KIMG > KMA-UMG
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the 72-hour forecast
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Typhoon forecast (MME 2022) < Average track error of MME for A

e [y 2022 Typhoons, compared with
"y 0 member models
Z 32858 | KIME | 5277 » Generally better than members(1st
3 | v | 6286 | umc | 14349 | kims | 29341 | kms | 25059 | kims | 33553 | ume | 5304 i
o | oG | 713 | eove | 1ae97 | eoMe | 208 | ecvie | 2558 | eowa | 3ane | eome | seer|  ©F 2°° ) up to 72-hour forecast.
5 | ovs | a2 | s [ re2s2 | ke | 32367 | wme | ases | ke | 36625 | ecme | e212| = Worse than members as the spread
6 | v | 8902 [ v [ 1877 | uvs [ 33026 [RMERN 26137 | ume 39689 | kvs [65321]  between members increased after
10187 | ume | 19262 | ume | 36502 | ume | 26887 | umc | 40332 73898
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