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I. KMA NWP (EPS) system



KMA Super computer with NWP system
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KMA global model’s Annual trend
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« Significant advancement in model performance since 2010
(since implementation of UM)




KMA Operational NWP System (UM based)

Horizontal
Resolution

Level
Model Top
Forecast Hours
Data

Assimilation

Domain

10 km 32 km

70 layers
80 km
12 days
Hybrid 25 members
4DVAR (49)

Global

1.5 km 2.2 km
70 layers 70 layers
39 km 39 km
48 hours 12 hours 72 hours
3DVAR 13 members

Small
East Asia

around
Korean Peninsula
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' KMA Operational NWP System (KIM based Global)

» The Korean NWP model has been developed since 2011.
* Anine-year project (2011-2019)

* Global model & data assimilation system

» The best optimized model for Korean peninsular
« Cubed sphere grid system
. Mitigation of model instability in pole area
« Data Assimilation : Hybrid 4DEnVAR

 Resolution : 12 km 91 levels

» Schedule for operational implementation in KMA
« Parallel run since July 2018 (v3.2)
« Semi-operation run since April 2019 (v3.3a)
upgrade in October 2019 (v3.4)
« Operation run in April 28 2020 (v3.5) /
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' KMA Operational NWP System (KIM based EPS)

KIM (Semi Oper) UM (Oper)
Resolution 50km (ne090np3) / L90 (0.1hPa) 32km (N400) / L70 (80km)

Data Assimilation (member) LETKF (50) ETKF (48)
Initial Surface perturbation - SST, SMC, Tsoll

Stochastic Physics SPPT, SPDT, SSST (KIM3.5) RP2, SKEB2
Re-centerng o global U, v, t, g (50%), psfc (100%) U v, t, g, T (100%)

LATE ERLY
Forecast 12 UTC (CTL +13 member)* 00 UTC(CTL + TimelLag 24 member)

12 UTC(CTL + TimelLag 24 member)

*Efficient use of Limited Computing Resource

* Forecast time of ensemble data

assimilation (50km) extended 0, """""" |
* Semi operational run ("19.10.7) os} Z500 | .| T850
* Operational run ('21.10.~): #25 ost :zz
Verification ot |
The KIM ensemble has skill around | 005
85% of the UM ensemble for Z500 .. T
and 70% for T850 (ref: climate) REE L. o L 108132156 160204 228

CRPSS/ Jul 2019 / Northern Hemisphere / against Obs



% KLAPS: Very short range forecast

Dynamics: WRF-ARW 3.9.1.1 -
Physics based on KIM ]

Horizontal resolution: 5 km

Vertical resolution (Top): 40 levels (50hPa)
Grid number: 235 (EW) X 283 (NS)
Update time: Thr / 10 min. (precip.)

38°N

Updating of background: 6 hr
Target length: 12hrs

Integration time: 20 sec.

Total integration time: ~ 4min (40 nodes)



KMA Operational NWP System (KLAPS)

< KMA homepage : very short range rainfall (mm/hr) ('19.7.22~)

2lole] Z4AE 2019.08.22.06:00 | ) , _mm/h

wf e W

 Every 10 minutes rainfall
* -1 hr ~ current: rainrate of Radar
« Current ~ +6hr: blending of KLAPS

& MAPLE

Lk
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I1. Korea Integrated Model (KIM)

= Overview

* Dynamic Core

" Physics

= Data Assimilation
= (Operation



@ Next generation model developed by KMA

@ Developed in just 9 years i J'\g;\ Meggfﬁce Ec%wr
(Operated from 2020)

 Advanced countries spent more than
30 years in developing their models

= ECMWF —= MetOffice — NCEP — JMA — KMA <
JAPAN 56 years
Q<. oo

@ Using Cubed sphere grid system (Next-generation grid system)
« USA and UK are also using or plan to use this grid system

» Solving singularity problem in Pole Area Cubed sphere Models

v USA
: GFS-FV3 (Operated in 2019)
v KMA
: KIM (Operated in 2020)
v UK
: LFRic (Will be operated in 2025)

Cubed sphere grid

12



KMA New NWP system : Korea Integrated Model (KIN

% KIAPS (Korea Institute of Atmospheric Prediction Systems)
» Purpose: Developing a next generation global operational modeling for KMA
» Project period: 2011~2019 (total 9 years)
= Total Budget: $95 million
= Man Power: 58

the operational system

" Finalize the KIAPS
operational version 1.0 and run
on semi-operational basis

Foundation and basic research

[ Establish the foundation of

Release beta version

I Complete developing major
model components based on
KIAPS own research

KIAPS research and development
environment

I Efforts on laying out future
model development - model
dynamics, physics and data

assimilation

- 2011-2013
o
——————————

[ Release the KIAPS beta
version model

[ conduct semi realtime
experiments with KIAPS beta
version and evaluate it skills to

the KMA operational model

2014-2016

- Stabilize the model system by
further diagnostics and verifications

- Release the KIAPS system to

international users

2017-2019
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+* Numerical Weather Prediction

- A method of predicting future weather status by solving the governing
equations of atmosphere with numerical method and the current
atmospheric conditions.

governing eg. (e.g.): thermodynamic equation

T
at
dynamics | physics

air temperature rises in specific area:

1. warm air advect from south

2. compress of air by sinking (adiabatic)
3. turbulent mixing with warm air

4. solar radiation (diabatic)

5. condensation of water vapor (diabatic)

Tfuture = Tawrent + f(dynamts + phyds )dt
Datn Assn &ibn

14



@ Dynamic Core

Representing vertical/horizontal circulations of atmosphere
e.g. advections, pressure gradient force, horizontal diffusion
(adiabatic processes)

- no net energy source or sink, so conservation is important
spatial/temporal discretization method with grid projection

15



Overview of KIM dynamic core

"The first fully functional non-hydrostatic spectral element global dynamic core over
cubed sphere grid” Joseph Klemp (NCAR)

horizontal discretization:

=~ Qi ign Spectral Element Method™ on cubed sphere
“'P)— SEER -f”'i.’._;“*'~\., * SEM is local in nature with a small communication stencil, we
gl eaye “ ay) can achieve a high level of scalability.
i /}%}.,ll‘-\?;_; Vertical discretization:
e =) T Finite Difference Method” on hybrid sigma-P
B3 & [ | ] * The FDM is beneficial for coupling the dynamical core with
#‘ 1 L, existing physics packages. Since most of existing physics
WNalipz > packages are generally based on FDM formulation in the
WA 7o vertical discretization, easy accessibility can be guaranteed.
Temporal discretization: split-explicit RK3

Governing equations:
Flux-type non-hydrostatic

Horizontal diffusion:
4% order time-split explicit diffusion

Advantages of the cubed sphere: avoid polar singularity, scalability
Disadvantages: numerical noise along the edges, computational expensive'®



The results of KIM scalability test

% Scalability: the property of a system to handle a growing
amount of work by adding resources to the system

Wallclock Time

104 ¢

[
o
W

NE240L100 Scalability

L |

[ 1]

Dynamics
Physics
Dyn+Phys

&

Perfect Scalability

102

Number of Nodes
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Development of Non-hydrostatic Dynamic

Baroclinic instability, Ps (9-days) Schar mountain gravity wave in reduced Earth (X=500)
on ENDGame
c) t = 7200 s -
&0N o 80 L | L | . 1 L | L | " %
N
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CONTOUR FROM —1 TQ 1 BY .2
I ([T i [ | [
-1.1=-0.9-0.7-05-0.3-0.1 0.1 0.3 05 2.7 0.8 1.1 -1 -0B -0.6 -04& 02

¢ 02 04 06 0B 1

- ldealized tropical cyclone with
simplified physical forcings =5 :
Day 3 Day 10 https://www.earthsystemcog.org/projects/dcmip-2012/Test_Cases/results by r

mis

20N
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Development of Non-hydrostatic Dynamic

« Lower order basis function and diffusion

* New grid system : .
(larger time-step size)

7 99 . -9 s e 4 ° e 8 ® o NP4 NP3
e S SIS S (31 order) (2 order)

OEEL JNEE e
[ —=— = | gy =

: 2NN

I Z [ 3 f

EP up

» Improvement of computational efficiency

Write
(3%)

—>

42.6% ¥

DYN/PHY = 7.1 DYN/PHY = 1.9 19



@ Physics

Representing change of atmospheric thermodynamic status
e.g. air temperature, humidity, precipitation (diabatic processes)

- net energy source or sink to air: causes of weather phenomenon

20






Physics

Scheme

Updated

Reference

Radiation

Land surface

Ocean surface layer

Boundary layer

Gravity wave drag

Deep convection

Shallow convection

Microphysics

Cloudiness

Revised RAD
(RRTMK)

Revised LSM

Diurnal SST OSH

Scale-aware
non-local PBL

Sub-grid orographic GWD
Non-orographic GWD

Scale-aware
mass-flux CPS

Adjustment SCV

WSM5 MPS

Prognostic CLD

unified RRTMG

reduced MCICA

updated ancillaries (aerosol, GMAO ozone, reflectivity, emissivity,
snow albedo)

Improved two-stream approximation for shortwave radiation
Scale-awareness for sub-grid hydrometeors

3-layer sea-ice model

frozen processes (z0, conductivity over snow cover, flux over sea-ice)
USGS to IGBP for land data

soil moisture initialization

consistent diffusivity in LSM and RAD

Heterogeneous land-surface parametrization

Roughness length considering snow

SST warming effect
Considering salinity effect

top-down mixing

updated background diffusion & heating rate
minimum Richardson number changed
scale-aware (ShingHong PBL)

Considering dissipative heating

flow blocking drag
orographic anisotropy
updated efficiency/intermittency factor

Source-based spectral non-orographic GWD
revised auto-conversion & entrainment rate

moisture-based trigger threshold
Scale-aware / aerosol-aware

improved eddy diffusivity profile (2.5)
Considering diffusion of cloud water contents

effective radius

revised CPS condensate
consistency (cloud-MPS-CPS-RAD)
reduced high cloud fraction at high latitude

lacono et al. 2008
Beak 2017

Ek et al. 2003
Koo et al. 2016

Kim and Hong 2010
Lee and Hong 2017

Hong et al. 2006
Shin and Hong 2015
Lee et al. 2016

Hong et al., 2008
Choi and Hong 2015

Choi et al. 2017

Han and Pan 2011
Lim et al. 2014
Han et al. 2016

Kwon and Hong 2017

Hong et al. 2013

Hong et al. 2004
Bae et al. 2016

Park et al. 2016




CPS (Cumulus Parameterization Scheme)

eLubs

= The grid-size dependency is considered (scale-aware scheme)

1 T
=1-— - Ax — Ax —
o ”{tan |:0'con( skm )]+ 2}

tan(0.47)
AxSkm - Axlkm

Adapted from Hong and Pan (1998 MWR)

where o. =

con

+ Cloud-base mass flux [« (1 — 0)]
« Convective Inhibition (« (1-0))

* Moisture detrained to grid scale (« o)

Ax o
9km 0.1
5km 05
1km 09

—sigma —1-sigma
{}; =y -
08 Sy
07 N\ /
1 Wi
05 V
04 }\
4 £ A
02 N
s o N\
G —I_I_-I_-_I-.I‘F’.I"I T T T T T I\T“_-I_I_I T T I I 1
& 21 A5 8 5 3 1 08 06 04 02
DX(km)

Kwon and Hong 2017

39N

38N 4

24-h accumulated precipitation

TMPA (OBS)

maox, precip: 299,412 mm

No CPS in the domain
with Ax = 3 k

3TN 4=

36N

125 126F

127E

128E

129E

Original SAS in the domain
with Ax = 3 km

(5 175 12050 125E 1265 DT 1205 12BE 1285 10

Modified SAS in the domain
with Ax = 3 km

12

SE 125€ 12556 126 12656 127E 127.5E 128E 1285



Evaporation over Ocean

= To apply the saturated vapor pressure for seawater over ocean

Global sea surface salinity ~ 32-38 %o

Improvement of light rain forecasting

Prcp Bias (CTL - TMPA) BIAS for Jul 2013
- N < R e - 28 — il
60N i 60N M T, IR - 1 sss ref
. 1 30N {5 o et §2 & N e 1
s 3 ! i I
Bt EQ | \.,-7 P 15 : :
30S | 308 10 -E i
- I
i 60S 1 - H
60S 1 - 0.5 -
0 60E 120E 180 120W  60W
0 60E 120E 180 120w 60W : — T
I I i2-10 8 6 4 -2 0505 2 4 6 8 10 12 0.5 1 5 10 15 20 25

T —— ; I
05 1 2 3 4 5 [+ 7 8 9 10 12 15 & A o 244 M 60 354 Precipitation (mm124h)
Ave = 3.096, Max = 66.223 Vo= Weld, NaKe Bo.

ETS for Jul 2013

Prcp Bias Diff (SSS - CTL) 0s
— cntl

R T =
soN {gE=" "

N
30N n\‘_\\lj\;— 4
EQ {° R
sos | \ 7
BOS o o RN

0 60E  120E 180 120W  60W 0 60E  120E 180  120W  60W

e —— [ s Eaaeasa—— | %4 1 8 10 B & 2
-1.2 -1 -0.8-0.6-0.4-0.2-0.050.050.2 0.4 0.6 0.8 1 1.2 -1.2 -1 -0.8-0.6-0.4-0.2-0.050.050.2 0.4 0.6 0.8 1 1.2 Precipitation (mm/24h)




3 Data Assimilation

Describe the current atmospheric status

- Observation data preprocessing

- Optimal combination of obs and model data

A = O x (1-Obs error) + B x (1-Model error)

 A: analysis field

» O: observation i |
« B: previous 6 hr forecast field 3 A

25



Hybrid-4DEnVar (LETKF + 3DVar)

@ Hybrid-4DEnVar Forecast System with KIM, KPOP, and 4DLETKF

Observation KPOP
Higher resolution
High res. ] High res.
_> [ Forecast ] gl 4DEnVar [ analysis ]_>

/
= \ »

= —~— — é v

—> —> ADLETKF S

e Ensemble | — ST e | - Ensemble

Forecasts é Analyses

Lower resolution

KPOP: KIM Package for Observation Processing
KIM resolution (~ 12 km)

Ensemble resolution (~ 50 km), 50 members
Analysis resolution (~ 50 km)



Observation data used in UM & KIM DA system

Observation type UM KIM Observation type UM KIM
1 | SONDE O O 9 |IASI O O
2 | SURFACE O O 10 | CrIS O O
3 | AIRCRAFT O O 11 | ATMS O O
4 | SCATWIND O O 12 | AMV O O
5 | HIRS X x 13 | GPS-RO O O
6 | AMSU-A O O 14 | CSR O O
7 | MHS O O 15 | SSMIS X X
8 | AIRS O x 16 | TC bogus O O

X KMA-UM : 19 types (+ SEVIRI CSR, GOES CSR, AHI CSR, Ground-GNSS, MT-SAPHIR, GK-2A)

SCATWIND: Scatterometer wind

HIRS: High-resolution Infrared Radiation Sounder
AMSU-A: Advanced Microwave Sounding Unit-A
MHS: Microwave Humidity Sounder

AIRS: Atmospheric Infrared Sounder

IASI: Infrared Atmospheric Sounding Interferometer

CrIS: Cross-track Infared Sounder

ATMS: Advanced Technology Microwave Sounder
AMV: Atmospheric Motion Vector

GPS-RO: GPS Radio occultation

CSR: Clear Sky Radiance

SSMIS: Special Sensor Microwave Imager Sounder



GK2A Satellite - Real-time Observation with 16 channels

& Launched on Dec. 5, 2018 with the World’s 3rd Advanced Meteorological Imager
& Produces 10 min. timeline observation, 2 min. rapid scan imagery for Target Area

Meteorological Monitoring and Analysis
Meteorological Products (52 types)

Clor_lt\_/e;[gtive _— . o
nitiation s TR
~ Aerosol (Dec. 2018~) |
Detection e
" o 16 channels
Atmospheric g @ X ~ ER B
Motion Vector 358 D Detection

pud i 10 min.
As_lan Dust Timeline
Optical Depth
: 4 as
o= ») - A -~
" e Full 1Dask_ Every 2 min L
e (3800 X 2400 km) (1000 X 1000 km)

Y  Early Detection of
- Severe Weather

Sea Surface WEREEERSEE . it . Rt S . e
Temperature ol s
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Observation data used in UM & KIM DA system

IN

Surface

Sonde

Aircraft

SYNOP

27708

Surface

SHII

20201128 0000 UTC

4550

BUOY

0

BUOYB

“# 80296 obs
10201

METAR 37747

SYNOP

SHI

Surface.varobs
24350

20201128
3354 METAR

0 UTC

14001 BUOYB

51435 obs
9730

Used

305

i1
.
s
|
1
P
1
1

0

805

90°S

o 30°E 60°E 90°E 120 150 180> 150W 120°W 90°W s0'W 30W o o 0°F 60°C a0°E 120°F 150°F 180° 120'W oW 60 0w
Sonde 20201128 0000 UTC # 5842 obs Sonde.varobs 20201128 1053 obs
TEMP 1364  PILOT 374 SONDE 0 WINDPRO 4104 TEMP 597 PILOT 58 WPFe6 387
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30N
o
|
30°s E ):
- | |
50's : : - L 12
H L~ i o 1
H 90°s H H i : i
30°E 80'E 90°E 1206 1S0°E 180" 150W  120°W 80w 50w 30W o [ 30°E 60°E 90°E 1208 150 180" 150W  120W oW s0W 30w
Aircraft 20201128 0000 UTC # 107733 obs Aircraft.varobs 20201128 0 UTC 18227 obs
AMDAR 106803 AIREPS 230 TAMDAR 0 MODE-S 0 AMDAR 17731 AIREP 496
A 6O'N
A
o
30°s
60°s
90°s

o

30E

50°E

90°E

120°E

150°E

180°

150°W

120°W
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Observation data used in UM & KIM DA system

Satwind 20201128 0000 UTC # 1600000 obs Satwind.varobs 20201128 0 uTC 76434 obs
| N ESACM 0 EKMAWIND 0 1] TERRA 0 HIMAWARIB4800 20085 MODIS 1124 MTSAT 17971 MSGL0 12888 COMSCR Used
AQUA 0 MSG10 0 COMS

2362v3 METOPA 28977 METOPB 30336
7 (9 PEG

NOAALE

8 son . o BO'N

30N

Geo-
Stationary
Orbit

30's " : e . - Y 30's

7w
v

= o's . . 90°s
o 30°E 60°E S0°E 120°€ 150° 180° ISOW 120W 90w s0°W 30w o’ o 30°E 60°E 90°E 120 150 180° 150W 12 90w 60W 30w o
ATOVS 20201128 0000 UTC # 794598 obs ATOVS.varobs 20201128 0 UTC 34559 obs

159752 N17 0 N18 159752 N19 261314 METOPA 113752 TOVSG 14561 N15 2234 N19 13105 METOP 4659

Earth Orbit

308

[ B60°S
=T
RO et - PRt a0's 2 ; (i AF ! R s A
o 30'E BO0'E 8S0°E 120°€ 150°E 180" 150"W 120'W 0°W 50°W 30'W 0" o 30°E B0°E 0°E 120°€ 150°E 180° 150°W 120'W Q0w oW 30w
GPSRO 20201128 0000 UTC # 1146 obs GPSRO.varobs 20201128 0 uTC 54867 obs
COsM1 0 COsMz2 o COSM3 0 COSM4 0 COSM5 0 GPSRO 54867
COSM6 0 { 132 CNOFs 0 MetopA 109

GNSS-RO

o 30 BOE 80°E 120°€ 150°E 180° 150°W 120'W 0w BO"W 30°W o 0" 30°E 60°E 90°E 120°E 150°E 180" 150°W 120'W 90°W 60°W 30w



Observation data used in UM & KIM DA system

KPOP_SURFACE: obs_T2m 2020120512 KPOP_SURFACE: OmB_T2m 2020120512

min = 225.9 max = 315.2 mean = 279.346 stdv = 12,2182 min = -8.29044 max = 8.98012 mean = 0.390144 stdv = 2.04753

80N

0 0E 60E 90E 120E 150 180 150W 120w 90W BOW 30W 0 0 30E 60E 90E 120E  150E 180 150W  120W  90W BOW 30W 0
Total : 35826 Total : 35826

I
280.0 0.0

Kelvin Kelvin




Incremental Analysis Update (IAU)

Analysis increment generates inconsistency and imbalance in the model.
The IAU introduces the increment gradually into the model to solve it.

Conventional Analysis Update Incremental Analysis Update
a
a(i)lc A4 A
At
nc ¥
ag tanl ﬂ”ﬂu”"'"' I]]]"mmm.m””””””m
- ' > . w—y
-03 UTC 00 UTC 03 UTC -03 UTC 00 UTC 03 UTC
Model start Model start

0.12 T T T

010l | — prerun ||
= | — cyclerun =
0,08 i NG b 4 <
So0.06f £
5 00a| .
= =

0.02} Q.02r

Tz 3 4 5 6 7 & s 0 um 2 5 1 % T 7 3 4 5 6 7 s s 01 2 5 145

Time [hour] Time [hour]
Pre-run = Almost identical to pre-run

— Model run after analysis update



500hPa GPH(m)EME((‘;V) and Vorﬁcityg(s's)

Analysis of 500hPa geopotential height
(2020.12.02.00UTC)

GDAPS (KIM NE36ONP3 L91)
- Rz bl
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5 days forecast of 500hPa geopotential height
(2020.12.02.00UTC)
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Accumulated rainfall during 6 days forecast

JP3 L91)
Accum. Precip(mm)[000-144]

(2020.12.02.00UTC)

Precipitation(mm) [000 - 144

ECMWF (T12790.25d)
mmh)d&_l'mu[nmlm-lﬁl -

KIM UM

IFS
(ECMWEF)

2 B & & 8 8 ¥ 8 8 B8 2 B B B @ B 3 8 B 8B



Model simulated infrared images
(2020.12.02.00UTC)

GDAPS (KIM 12km L91

Model Simulated Infrared Image(104)

A 2
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KIM UM
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@ Toward operational
system & upgrade



R20 (Research to Operation)

Death Valley

Challenge Stability
Research Operation
Specific Diagnosis High level

and rapid update operation experience



Computational costs

Target: 1 hr 30min in 10 days forecast for operational system

Model

Number of Node

: in 4t Supercomputer of KMA Improvement
Version
820 node 1,000 node
v3.3a 3 hr. 02 min. 2 hr. 10 min. -
Improvement
v3.3b 2 hr. 13 min. - of input/output
system
V3.4 1 hr. 59 min, : Optimization of
— Dynamics

N

5t Supercomputer of KMA :
within 1 hr. 30 min.

* 1 node = 24 cores




KIM version update history

\-\\\ \\\ \-\\ N ‘\ 8 "
N 1st semi- A R 2"d semi- :
- operation >~ operation > 2 Operation
L 7~
Apr Aug Oct Mar 28. Apr.
2019 2019 2019 2020 2020
V3.3a V3.3b V3.4 V3.5 V3.5a V3.6

% Oper.



KIM main improvement (v3.3a 2 v3.4)

v3.3a — v3.3b

v3.3b — v3.4

Preprocess
of
observation

All sky radiance

Change of RTTOV input humidity
variable

Add of South America’ Aircraft
Improvement of IASI bias correction

Improvement of GPSRO process
Thinning, QC modification of micro-channel

Modification fo IASI, CrIS, AMV, AMSR2

Use of mixing ratio for humidity

Different Ensemble ratio

DA Application of TC bogussing Modification of upper level’s ensemble ratio
Add AMSR2
Improvement of radiance (zenith angle,
aerosol, dust ) Optimization of parallelization in physics
Model Improvement of surface process

(emission ratio, roughness length, ...)
Ocean mixed layer: remove initial SST

Improvement of surface process

Optimization of deep convection




KIM main improvement (v3.4 - v3.5a)

v3.4 —> v3.5

v3.5 (oper) — v3.5a

Preprocess
of
observation

High resolution sonde

Improvement of wind profiler, buoy,
aircraft process

Add of FY-3C MWHS2

QC of IAIS, CrIS

Modification of AMSR2 observational
error

DA New background error covariance -
Appl!cat!on of new te.rraln data : : e Ocean mixed layer data
Application of dynamic Hyper-Viscosity « Ootimization of Cumulus
Model Modification of Physics process P

Improvement of ancillary data for sub-
grid mountain drag

parameterization
* Bug fix in radiation (minor effect)

Ensemble

Resolution : 50 — 32km




KIM main improvement (v3.5a = v3.6)

v3.5a — v3.6

v3.6a (expecting ’21.1st quarter)

Preprocess
of
observation

Downward sonde

GK2A AMV & CSR

New GNSS-RO / QC
Modification of AMV QC

MW static bias correction
Modification of Observation Error
(AMSR2, AMV, GNSS-RO)

New background error covariance
Variational bias correction (ATMS, |IASI,

DA CrlS) )
Inflation factor
Model Modlflcatlon of Land surface process )
(inland lake)
Ensemble SST perturbation -




I11. Performance
& Severe weather Cases



""Comparison of Performance (North Hemisphere)

[Analysis verification] z500hPa 12UTC +120h ('18.05. ~ '20.10.)
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""Comparison of Performance (Asia)

[Analysis verification] z500hPa 12UTC +120h ('18.05. ~ '20.10.)
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""Comparison of Performance (East Asia)

[Analysis verification] z500hPa 12UTC +120h ('18.05. ~ '20.10.)
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Comparison : Asia (00, 12UTC average)

500hPa geopotential height (RMSE)

GPH at 500 hPa, ASIA (00 UTC, 12 UTC Average)
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Comparison : Asia (00, 12UTC average)

850hPa temperature (RMSE)

T at 850 hPa, ASIA (00 UTC, 12 UTC Average)
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[AWS] 24hr accum. Rainfall amount

2019 7. 10 9KST
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Heat wave (2019.07.05.15 LST)

KIM3.5a

Voo A CSAPS. M Tompurmrs Top T 11

S S KM 33a |

L Similar

i

-

KIM: similar with obs.
in the region over 30°C

KMA-UM: colder than obs.




Typhoon (2019)

KIM3.5a

1905DANAS : GDAPS-KIM3.5a
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Cyclone (2020.07.12.) : Good

24hr accum.
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Cyclone + Front (2020.08.06.) : Bad

24hr accum.
precipitation
. (080612 ~ 080712UT()
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Typhoon Forecast (2008 BAVI)

Init: 09UTC 22 Aug ~ 09UTC 27 Aug v KIM: not good in the TY genesis stage
KIM TR /TR UM — -

Init: 22UTC 23 Aug ~ 09UTC 27 Aug

KIM




Typhoon Forecast (2009 MAYSAK)

Init: 21UTC 28 Aug ~ 09UTC 03 Sep




KIM EPS
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IV. International Cooperation
(WMO SWFP: Severe Weather Forecast Program)



Weather charts for international cooperation
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World Friend KOREA INTROD World Friend KOREA
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Global model based charts
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‘Station based charts (Meteogram)

Meteogram
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V. Future Plan



Future plan (~2022)

“* UM : Parallel run with KIM (~'22)

** KIM : Upgrade of all process (examples)

Ensemble: perturbation methods, multi-model ensemble, ...

Dynamics: dynamics for high resolution grid, ...

Physics: ocean mixed layer, Al based physics, ...

Data assimilation : add of observation types, upgrade of quality control, ...

“ KIM EPS : Operation (’21.10)



Post KIAPS project

*» Period: 2020.12.1.~2026 (7 years : 2 step = 3+4)
< Total Budget: about $93,000,000

* Human resources : 113 experts per year

«» Main Task

Adaptive grid model which covers from the very short range

forecast to the extended long range forecast (30 days)

Ocean and land surface coupling

Rapid update data assimilation cycle

Big ensemble system
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