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Overview of KIAPS

0 Purpose : Developing a next generation global
operational modeling for KMA (KIM)
O Project period : 2011~2019(total 9 years)

7 Total Budget: $95 million —
2018 budget -$9 million

3 KIAPS is founded at Feb. 15th 2011

o organization: 2divisions, 6teams, 2offices
o Man power: 58

Technical Advisory
Committee

Significance of KIM:

» Removal of scientific and technological dependency on foreign countries
» Scientific basis for improving weather phenomena unique to Korean Peninsula
» facilitating feedback between forecasters and model developers



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



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:
spectral element on cubed sphere

vertical discretization:
finite difference on hybrid sigma-P

temporal discretization: split-explicit RK3

governing equations:
WRF-type non-hydrostatic

horizontal diffusion:
6t order time-split explicit diffusion

NE240 L91 (dx~12km) model top 1Pa (~80km)

Advantages of the cubed sphere: avoid polar singularity, scalability

Disadvantages: nhumerical noise along the edges, computational expensive
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Wallclock Time

The results of KIM scalability test
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Development of Non-hydrostatic Dyn. (DCMIP)

Baroclinic instability, Ps (9-days) Schar mountain gravity wave in reduced Earth (X=500)
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Algorithmic Change
EP-based - UP based

 The shared points
between different
elements (‘Yellow Area’)
»consider as one point
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« Maximum rate of Calculation reduction is #UP/#EP=9/16= 0.5625
 Derivative operator is changed to matrix-vector multiplication
— Multi-loop for elements is vanished.

e Direct Stiffness summation is included in the matrix
— Further enhance the efficiency



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



KIM3.0 Physics

(2017.4)

Scheme

Updated

Reference

Radiation
(=Ah

Land surface
(X18)

Ocean surface layer (51l3=H)

Boundary layer
(BAB)

Gravity wave drag
(58

Deep convection
(Z2U&)

Shallow convection
(20 F)

Microphysics
G =)

Cloudiness
(2%

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-bhased spectral nonorographic GWD

revised autoconversion & 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 2016

Hong et al. 2013

Hong et al. 2004
Bae et al. 2016

Park et al. 2016




CPS 1

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

1 i o
o=1 ——{tan_l [O-con (Ax—Axskm ):| + E} 24-h accumulated precipitation
Vs 2 AX o TMPA Original SAS in the domain
tan(0.47) 9km 0.1 with Ax = 3 km

where o =
Ay = ANy 5km 05

Adapted from Hong and Pan (1998, MWR) 1 km 009

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

* Moisture detrained to grid scale (« o)
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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
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Data Assimilation

Accurately representing the current status (or initial condition)
of the atmosphere

- Time tendency calculated by dynamics and physics will be
added to predict future weather



Observation data used in KMA and KIAPS assimilation system

Observation type KMA KIAPS Observation type KMA KIAPS
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 O X 13 | GPS-RO O O
6 | AMSU-A O O 14 | CSR O O
7 | MHS O O 15 | SSMIS X O
8 | AIRS O X 16 | TC bogus O O
SCATWIND: Scatterometer wind CrlS: Cross-track Infared Sounder
HIRS: High-resolution Infrared Radiation Sounder ATMS: Advanced Technology Microwave Sounder
AMSU-A: Advanced Microwave Sounding Unit-A AMV: Atmospheric Motion Vector
MHS: Microwave Humidity Sounder GPS-RO: GPS Radio occultation
AIRS: Atmospheric Infrared Sounder CSR: Clear Sky Radiance
IASI: Infrared Atmospheric Sounding Interferometer SSMIS: Special Sensor Microwave Imager Sounder
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3DVAR Song and Kwon 2015 (MWR)

= 3DVAR system built on KIM (cubed sphere grid using Real-observations)

- Spectral transform as the horizontal Filter
: Direct transform from cubed sphere grid to wave space
- The observation data assimilated so far

Sonde, Surface, Aircraft, AMSU-A, IASI, GPO-RO, AMV, ATMS, CrIS, MHS,

CSR, ScatWind (12 types)

= Results of 3DVAR system

KIM v2.1 v2.2 v2.3 v2.4

Monthly mean

Evaluated by Verification Tea



Hybrid-4DEnVar (2017 Mar)

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

Observation KPOP

. High res. 1>
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Ensemble
Analyses

Lower resolution

KPOP: KIAPS Package for Observation Processing

KIM resolution (NE240 ~ 12 km)

Ensemble resolution (NEO60 ~ 50 km), 50 members

Analysis resolution (NEO60 ~ 50 km)



Model Framework and
verification results



Multi-platform KIM

Application

Fortran

Configuration

Flow control

10

MPI parallel
pre/post processing




General Bilinear Interpolation between Spherical Grids

Generalized bilinear interpolation

(1. 91)

(x4, ¥4)

(x2,¥2)

(a) Quadrangular (b) Irregular

Fast and scalable search algorithm
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Improvement of 1I/O performance using I/O decomposition method

1/0 decomposition

sequential 1/0 parallel I/0

Local wariabie Locs| variable Local variabie Lo<al variabis Local variable Local variable Local variable Local variable Local variable Local variable Local varisble Lo<al varisbie
(rlsls] [2lsfu] [3]7]|un] By EEESE (] [u] (AfsTe] [afeTue] [a]z]n]

prac. O {master] proc. 1 proc. 2 proc. 2 pro<. O [master] pro<. 2 prac, 0 [master) prod.

— - __—-_'__'-.-'_'_F.‘_H-.

COF APs PhetCOF APIs
File File
L’I”IL.‘E‘IL.“[“I“. |:|z|:-s|s|r-9|m|u-

The master process collects all the data

and outputs it.
Using NetCDF APIs

»  All processes access and write the file at

the same time.
= Using PNetCDF APIs

Only some processes participate in the
output. (output processes)
Using PNetCDF APIs (only output processes)

@Nuri

_ w/o 1/O decomp. w/ 1/0 decompo.

ncores
nios
total (sec)
output procs /O speed )
444, 0.86 GB/s write (sec)
(x 3.5)

1332, 0.70 GB/s
2664, 0.45 GB/s
5328, 0.25 GB/s

«  The # of output processes is set to x1, x1/2, x1/4, x1/12 of the # of total processes.
«  With 5,328 processes, it is 3.5 times faster to use 444 processes than to use the

entire processes for output.

10,008
5,004 139
14,259 (3h 58m) 12,244 (3h 24m) 1.16
1,318 (9.2%) 478 (3.9%) 2.76

. When applied to KIM, the performance is improved about 2.76 times in
the output and about 1.16 times in the total when compared to the

conventional parallel output.
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KIM Real time forecasts skill

+120h fcst

500hPa geopotential height anomaly correlation at t
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SUMMARY

» Major components of KIM are mostly developed by KIAPS scientists
- dynamic core, physics, data assimilation and model framework

» Non-hydrostatic dynamic core and data assimilation system over
cubed sphere system are implemented at KIAPS, will be adopted to

US/NWS and UK Met Office

» Physics suite of KIM has many updates with special emphasis on
scale-aware and inter-scheme consistency

» Flexible model framework — operable on both CPU & GPU platform,
KIM-IO, coupler capability are also developed in KIAPS

» The continuous objective and subjective verifications are conducted
in order to ensure the improvement of updated model and identify

model deficiencies



Korea Institute of Atmospheric Prediction Systems

.Beyond the limit of the modern science and tech

fology




Parallel design for local implicit diffusion FRAME

- Develop a new parallel design because it requires

wider and more complex communications than the DSS

A new algorithm to find a neighbor A new general-purpose library
element/point on the cubed-sphere for MPI point-to-point communications
(1) Define rotation indices of neighbor panels - Generate index tables automatically

for MPI point-to-point communications

from a given Source-Destination mapping table

. 0 ( i 3)
coordinates 2

1 ( j,n-i+1)

2 (n-i+1,n-j+1)

3 (n-j+1, i)

(3) Find a neighbor using simple arithmetic




3DVAR Song and Kwon 2015 (MWR)

= 3DVAR system built on KIM (cubed sphere grid using Real-observations)

- Spectral transform as the horizontal Filter
: Direct transform from cubed sphere grid to wave space
- The observation data assimilated so far

Sonde, Surface, Aircraft, AMSU-A, IASI, GPO-RO, AMV, ATMS, CrIS, MHS,

CSR, ScatWind (12 types)

= Results of 3DVAR system

KIM v2.1 v2.2 v2.3 v2.4

Monthly mean

Evaluated by Verification Tea



Increase the order of the diffusion operator

» The fourth-order diffusion scheme - sixth-order diffusion
« Quter loop time-split horizontal diffusion (5 times per a time-march)
* Increased dt and enhanced energy spectra are achieved.

“hei20 | KIM22CT) | KIM23

dt 15 60
Diffusion order 2 3
Diffusion Coeff. 1.8E13 3.0D21

Filter response after 1 day

Wavelength (km) Wavelength (km)
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Wallclock Time

The results of KIM scalability test
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RAD

= Reducing cold bias at surface from snow albedo correction

» G-Packed McICA : 3 times faster than McICA without losing accuracy

= Tuned two-stream approximation : reduces RMS error to 60 % with no significant

computational cost

Improvement of clod bias at lower level RMS error of each cosine of solar
by modification of snow albedo zenith angle pqbin

Reducing computation time of McICA

g W - solar zenith angle

MclICA G-Packed McICA

29



GWD-PBL

PHY

Scale-aware subgrid-scale orographic parameterization

- Scale separation of subgrid orography (meso/turbulent scales)

- Inclusion of turbulent scale orographic drag
- Improvement of mesoscale orographic drag

oy standard deviation of turbulent scale orography
z,: effective roughness length
z,: lowest model-layer height

Original (ORG)

Modified (MOD)

Turbulent scale orographic drag

(SFC/PBL)

1 —4km

7o = Min(0.001ey, z;) When e;>1m

Mesoscale orographic drag

(Orographic GWD)

1 km — Ax

4 km — Ax

Modified flow blocking drag

Turbulent

Orographic

stress

stress

ORG

MOD-ORG

Increase over high terrain

Decrease over high terrain

bios (m/s)

rmse (m/s)

10-m wind speed

WS10M(m/s) region: Global (totel)
2

—— grims_TS510
= J\\\qr};wo.-,w'iﬁx./c‘vm/‘»,w«ﬂ\,,_._‘f\._‘ oo g o 0]
/

<O

— : MOD Bias

1 2 3 4 5 ] 7 8 ¢ 10
Forecast time (day)

grims_T510
—— grims_T510 58, 40 o9, oo

0.0
Dot R

RMSE

1 2 3 4 [ [ 7 8 § 10
Forecast time (day)

<«—

Improvement
in 10-m wind
speed error

in terms of
global
average for a
boreal winter
(2016 January)



Data assimilation monitory system

= Conventional observation

KPOP_SURFACE: obs_T2m 2017073100 KPOP_SURFACE: OmB_T2m 2017073100
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Aircraft Thinning update

0 Zonal Count AIRCRAFT_T Innavation
Previous version: 2D thinning boxes o
(one for each column) o
New version: 3D thinning boxes t soo
(1 for each box) g
- 12 vertical ranges from 11 mandatory levels (hPa) 800
1000, 925, 850, 700, 500, 400, 300, 250, 200, 150, 100 1’:2
9 0 Latitude {deg)} 0
old (r333) New (r334) I e T
b e SO 2. g S

0.8059

o

f["‘

op | L P e

o 0°E EoE T 20w W
'I'rst*: 1_315‘3.[: )

—

* Number of observation _ . .
13155 = 25365 (~93% inc.) Almost 2 times bigger observations

but, not much diff. in statistics



SONDE drift estimation in KPOP (Prototype for 1 point)

BAR (Barrow, AK, USA)

— 151 obs. used from Jan. to Aug. 2017 (~20 obs. at each month)

SONDE elaesad ascent time

min: 0.65 max: 2.47 mean: 1.17 stdv: 0,21

v]
. in: 0.99 max: 2.0 : 1.01 stdwv: 0.23)
Sﬁmn: Tl. i
w0l %
E 400
£ R_dPrs!
&
3
&
£ w00}
=- Obs_atime(s)
-+ Est_atime{s)
800 L1 = Ral_atime(s)
=« Est_dP_ratelhPafs)
Est_dP_ratelhPals)
& . Obe dPreshia)
spd 100 "\ éa' wra Wepeed{10~2 mys)
1000

0.0 0.5 1.0 1.5 20
time (sacond)

oBalloon drift estimation model in KPOP
- calculate correlations between observation variables
- regression madel: rate of d_Prs & Wspd weighting
= elapsed ascent time estimation
by (g + 1wy q1/2
dyep ¥ cos(@)

tye (Vg + vpe-1)/2
dre{

X =Xp_q+ -[Longitude in deq.)

¥ = ¥r-1+- -{Latitude in deg.)

where,
tr = APrs/(Rap + Rap % Ews) -(ascent time in sec)

Rap = [(Pa x Prsi + pp % Prsy +p.)
+ (pﬂ * Prs,f_1 + pp X Prsp_y, + _iJ,_-)]fZ

APrs = Prsi_y — Prs;

EWS = W, = W!-'pd . 3 Wy

SONDE drift tracking (BAR-20170102T053000) S
min= 53,74 max= 1011 mean= 352.9 stdve 279 Statl On'

e wrems  71.323N / 156.618W
T Last location:

= = 72.048N / 153.204W
r__ﬁmx,_,?z Distance = 143.9 km

T4'W

T3'H |}

il I I I | I | SONDE drift GUESS (BAR-20170102T053000)
min=m 5374 max= 1011 mean= 352.9 stdve 279

14N
ES'N
16EW 161°W 160°W 150°W 150'W 157'W 196°W 1 sfalion loc. : Latm71.323 / Lon=203. 382
Total: 3533.0 73N | Iast potition: dlat=0.731/ uLnn»_! 4733

[/ 150 i) 450 00

Pressure [hPa) T1°N

Balloon drift estimation
Last location:

BN
72 056N / 1 53 1 95W 162"W 161"W 160"W 159°W 1SE'W 137°W 156"W 155"W 154"W 153"W 152"W

o Total: 3533.0
Distance = 144.7 km .
[x] 158 200 r 450 BO0 7540 a00

Pressure (RPa)

Location error:; 0.008 (lat) & 0.009 (lon)
= 0.942 km (vs. 143.9 km)
= 99.3% error reduction



Horizontal localization for LETKF



Projection: Orthographic
Property: none

@ T.:Azimuthal - Graticu le: 10°

CTRL: Conventional, GPS-RO, AMV, ScatWind, AMSUA
EXP : CTRL + SAPHIR 6 channels

PC:20.0° N;460 °E /ZC:300 ° N;80.0° E
Aspect: Oblique
6.4} -90.0/ +70.0¢ +44.0][ +8] EIGEN-C3

Q Error Reduction at 700 hPa

“CTL

05 ~ . - r r
0 3E GOE 90T 120C 150C

0.02045 -0.0003 -0.00018

180

(]

1G0W 120W 30W  GOW  J0W

000015 00003 0.00045

Ave=0.000006. Min=-0.00056. Max=0.00079

0

Asc. node:

0

-180.00 © [00:00 LMT] I&wwv

MC » LMD
ATAaS

SAPHIR AMSU-B (MHS)

0+ 0
— 5 —— S5 84
00\, —S3 82— 81 100 ]
200 200 4
300 300
=400 =400
& &
s 5001 o 500
3 >
@ 600/ 8 60043
g | -
Q. Q.
700 7004 %
800 8004,
9004 900 4
1000 | 10004

Q Error Reduction at 700 hPa
Ave=0 000008, Min=-0.00055, Max=0.00081

EXP

NE

G0E 90E 120E 'S0E

;!

4.00045 -0.0003 -0.00015

190

<

Y

I T I
1500V 1200 AV W J0W
| -

0.00015 0.0003 0.00045

o

00 02 04 06 08 1.0
Normalized Weighting Function

— M5 — 4 M3

00 02 04 06 08 10
Normalized Weighting Function

SAPHIR: 0-B (ch03)

mine 2991 maxs 2997 mean= 003538 stdve 0.8431

B A

st - éf
'7‘\\ ’)‘v /\‘ffg“ p—

_S\Pa \'k“‘. ‘
:\/5 . 'j,";

ﬂ

< &
l({)GP**‘-w —~— | : I T B
[ 120°% 180 120 H'w
Total: 3490.0
EE—— |
3 4 ] 2 1 ] 2 3 4 s



Improvement of 1/0 performance

FRAME

1/0 decomposition

sequential 1/0 parallel I/0
Lacal variabls Lock| variable Locsl variable Local variabis Local variable Local variable Local variable Lecal variable Local variable Local variable Local variable Lo<al varisbie
(alsle] [E=fefu] [a]7]u] T Ele] B [ ] [u] [(fsTe] [afsfae] [a]:]u]
prac. O {master) proc. 1 proc. 2 proc. 2 proc. 0 [master] proc. 2 prac, 0 [master) prod, 1
= B Ry
PhetCOF APIs

L:“I_z.._l_i_-s[_il?-n[m]u-

The master process collects all the data

and outputs it.
Using NetCDF APIs

»  All processes access and write the file at

the same time.
= Using PNetCDF APIs

File

|:|z|:-5|s|1-9|m|u-

Only some processes participate in the
output. (output processes)
Using PNetCDF APIs (only output processes)

@Nuri

_ w/o 1/O decomp. w/ 1/0 decompo.

ncores
nios
total (sec)
output procs /O speed )
444, 0.86 GB/s write (sec)
(x 3.5)

1332, 0.70 GB/s
2664, 0.45 GB/s
5328, 0.25 GB/s

«  The # of output processes is set to x1, x1/2, x1/4, x1/12 of the # of total processes.
«  With 5,328 processes, it is 3.5 times faster to use 444 processes than to use the

entire processes for output.

10,008
5,004 139
14,259 (3h 58m) 12,244 (3h 24m) 1.16
1,318 (9.2%) 478 (3.9%) 2.76

. When applied to KIM, the performance is improved about 2.76 times in
the output and about 1.16 times in the total when compared to the

conventional parallel output.
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Table of KIAPS DA updates

KIM3.0.01 KIM3.0a

« Bug fixed (Surface height correction for 2
m temperature and moisture)

KPOP | « Remove Land data from CrlIS

« 4D Thinning except for Surface and
ScatWind

« LEOGEO satellite for AMV

For MHS: land usage and obs error reduction
Bug fixed (Equidistance thinning box)

4D Thinning except for Surface

Hybrid-4DEnVar

Hybrid-4DEnVar

» Bug fix on reading ensemble samples
 Ratio of ensemble background error: 30%
« Recentering for Q
: Var 50 % and Ensemble mean 50 % for q
: Bug fix on q initialization
* Pseudo-RH
Inflation of observation error

» Reduce a static background error of q
: Rescale factor of g: 3 > 1
: Ensemble background error works more
« Inflation of observation error
Surface x 2, CrIS x 2, Aircraft x 1.3,
AMV x1.3, IASI x1.3
« Add observation: COMS-CSR

DA ScatWind x 1.3
Techni | | ETKF LETKF
que
« Add Observation « Add Observation
: MHS, CrlIS, ATMS, and COMS-CSR : MHS, CrlIS, ATMS, and COMS-CSR
* Modification of additive inflation * Modification of additive inflation
. Inflation factor (0.1 = 0.3) . Inflation factor (0.1 = 0.3)
Modifteattonof e mbeer e « Modification of horizontal localization
—Vares-with-levelinereasing : Varies with level increasing
(GSU'’s localization profile was referred) (Min: 700 km, Max: 1800 km)
e Modification of vertical localization for : * Modification of vertical localization for radiance
Weighting function from KPOP : Weighting function from KPOP

+ KIM3.0a model update



T Time series of mean RMSD Q Time series of mean RMSD
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| 0.000540
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H4DEV3.0
H4DEV3.0a

« HA4DEV3.0a is better,
especially in Q

« H4DEV3.0a:;

U Time series of mean RMSD V Time series of mean RMSD
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83% i-mproVed 5.0 % improved

2.60
300 | 4DEnVar update
250 KPOP update and LEOGEO
KIM model update
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KIM Real time forecasts skill

500hPa geopotential height anomaly correlation at t=+120h fcst
KMA UM vs KIM
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Lower order basis function (np4 - np3)




