12™ECMWF HPC WORKSHOP

The Status of HPC Infrastructure and
NWP Operation in KMA

Nam-Ouk Kim
nokim@kma.go.kr
Supercomputer Team, Korea Meteorological Administration

{‘::s“ Korean Meteorological Administration



g List of contents

1. Organization of KMA
2. History of System and NWP Model in KMA
3. Plan of NWP Model Development
4., 1stSupercomputer System

5.2 Supercomputer System

6. 1ssues and Plan

1. Other Activities

‘7=, Korean Meteorological Administration



Administrator ’

Information Management Officer Deputy Administrator I
= Inlermalion Plan (dficer
= Information & Communication Officar Meteorological Training Office y
| - Supercemputer Team |
General Policy&Public Forecast Observation -
Borvioas Affairs Officer Bureau Bureau Climate Bureau
Division = Inrurealion & Pesscnmed Allars Officss = Forecast Policy Dhisian = Oveenetion & Sand Siomn Poloy Division = Clirnate Policy Dhision

= Finance & Plamnning Officer
= Informaion and Public Afiars Oficar
= Intemational Coopesation Officer

'mnu Meteorological Office
= General Affairs Divisicn
= Forecast Division
= Climaite Information Division
= Marine Meteaiogy Divisian tonhy in Busan)
= Weather Station
= Waather Obsarvatory
= Wealher Radar Site
= Lppar Alr Ooservation Site

I-Humm'l'm:huﬁn:inmnﬂn II

= Insiuments Managerment Divsion | - climate Pradicion Dikision |

Chief Weather

= Malaorological Sateliia Deision
= Digikil Forpcasts Deweiopment Division

= Meleoroiogcal indussy Pomobion Divsion
= Clirmate Data Toam

= \Weathar Radar Division

= Eafhquaks Flanning Divisicn
= Earmhquake Detection Diision
= Uppar & Marine Metamology Team

Forecasts Officer
= Wesather Information Crificer
= Weather Forecasts Offices
| = Typhoon Forecests Officer Jl

.Ima:lun Meteorological Office

= Planming & aperation Division
= Fomrecast Division

= Information Sanica Division

= Surport Weather Staticn

= Aot Weather Obsanatory

'ﬂaﬁrﬂhﬂﬂﬁaﬁaﬂ‘d‘rlm

= Regagich Planming & Managemean! Dkison
I' Forecast Resaarch Laboratony I

* Ramoia sensing Research Laboraton:
f Appied Metearology Labaratory |

= harmne Meteorology &
Eathquake Fesearch Laboratony

= Typhoon Research Team
= Global Atmoaphere Walch Obserabony

Meteorological Radio
Transmission Station

- H.Q.; b Bureaus, 3 OMces, L MEIRI, IMRIS - REGIONAL: b RMUS, 1 AMU
- Total number of KMA staff members : 1230 (H.Q: 379, METRI: 80, Supercomputer: 13)

T Korean Meteorological Administration



(Gflps)

NEC SX3 CRAY X1E

2000. 6 2005. 11

224 Gflops :

994 GB 18.5 Tflops
178

—h mmodel forecasts of surface oressure and wwind fela{a) and
SO0mb geopotential height(solid lne) and temarature fleld Coasted Hned
(B, and the comesponding snalyzed surface pressure and wwind faeldic>
and S00mb gecpotential height(dl. Conto.

surs. BOM GecDotential, ard ST bemieretor

The Oldest NWP Operational Model in KMA(1989)
- LAPEM (lelted Area Primitive Equatlon Model)

intervals are 4 mb in pres-

Fujitsu VPX 220 MSLPPa) and 121 |.¢ﬂ_ GDAPS TAGEMA) ‘ S04 GPH gy, Temperature(3C f' _ lll\_l's_‘l_'m{;\l!a_l
1995. 6 Ky . g
1.25 Gflops 3 f_’ % ‘
1.00 GB . ;
¥ KMA : Korea Meteorological Administration b : \ ,
o &k =
- Task Force Team for NWP (1986~1989) N ooy NI FER R ;.;' }
- Numerical Weather Prediction Division(1990~) o S R o IO Gl |y el T gy TR
- Climate Prediction Division(1999~) The Newest NWP Operatlonal Model in KMA(2006)
- Supercomputer Team(2005-) - GDAPS (Global Data Assimilation & Prediction System)

= Korean Meteorological Administration



l' L

g __Qf. stem and NWP Model InKMA ¢ |

High Performance computing resources in KMA and KISTI
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History of NWP Operation in KMA

YEAR

Model Specification

1989

LAPEM (Limited Area Primitive Equation Model, 80/160km, 10Level, ECMWF & Irish(1984))
MM4 (Meso-Scale Model, 80km, 10Level, 61x46, 2Day, MM4)

1991

FLAM (Fareast Limited Area Model, 80km, 10Level, 61x46, 2Day, MM4)
ALAM (Asia Limited Area Model, 160km, 10Level, 2Day, LAPEM)
OFM (Ocean Forecast Model, SSW, Wave Height)

1992

FLAM (15Level)

1994

KLAM (Korea Limited Area Model, 40km, 15Level, 2Day, MM4)
KTM (Korea Typhoon Model, 109x109, 50km, 8Level, 2Day, TYM)
APPM (Application Model, PPM(T max, T min), POP, 2Day)

1995

FLAM (61x46 — 77x63, 3Day)

1997

GDAPS (Global Data Assimilation & Prediction System, T106, 21Level, 2DOI, 5Day, GSM)
RDAPS (Regional Data Assimilation & Prediction System, 40km, 23Level, 3Day, MM4)
BATS (Barotropic Adaptive-grid Typhoon System, 1Level, 3Day)

1999

GDAPS (5 - 10Day )

RDAPS ( 30km, 33Level, 2Day, MM5 )

GFDK (Korea Version of GFDL Hurricane Forecast System, 3Day)
GoWAM ( Global Wave Model, 1.25°, 10Day, WAM(1988))

ReWAM ( Regional Wave Model, 0.25°, 66Hour, WAM(1988))
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Histqzy of System & NWP Model in KMA

History of NWP Operation in KMA
YEAR Model Specification

2001 GDAPS (T213, 23Level, 3DOI, 1DVAR)
EPS ( Ensemble Prediction System, T106, 30Level, 16Member, 8Day )
GDAPS (3DVAR)

2003 DBAR (Double Fourier series Barotropic Typhoon Model, 35km, 3Day)
APPM (Application Model, KF, RDLM, 2Day, GDLM , 10Day)

2005 GDAPS (T426, 40Level)
EPS (T213, 40Level, 32Member, 10Day )

2006 KLAPS (Korea Limited Analysis & Prediction System, 15/5km, 18Hours, LAPS)
ReTSM (Regional Tide Storm Surge Model, 1/12°, 2Day, POM)
KrWAM ( Korea Wave Model, 1/12°, 66Hour, WAM(1988))

L
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Resolution

Produce

MODEL Horizontal Frequency Pr%'frﬂon Specification
Vertical (#/ day)
~ 30km 9 10 Da T426, 3DVAR Analysis
40 Level y For Short & Medium-range Forecast
~ 55km 9 10 Da T213, 3DVAR Analysis
GDAPS 40 Level y For Digital Medium-range Forecast
(spectral) ~ 110km T213, Ensemble 20 Members
21 Level #E7 D 5y T2 BEY For long-term (3 Months) Forecast
~ 55km T213, Ensemble 20 Members
40 Level FETOLeir 280 LRy For long-term (6 Months) Forecast
EPS ~ 55km T213, Ensemble 32 Members
2 10 Day :
(spectral) 40 Level For Medium-range Forecast
GoWAM ~ 150km 9 10 Da Ocean Wave Model
(grid) 1 Level y For Medium-range Forecast
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__Qf ystem and NWP Model InKMA -+ o el

4 Bl A
NWP Operational Regional Models in KMA at Present

Resolution Produce L
MODEL Horizontal Schedule Pre%ﬂ:on Specification
Vertical (#/ day)
30km For Short-range Forecast
33 Level 2 29 nlelll Asia Region
Fi%ﬁ‘)ﬁ)es 10km 4 1 Day For very Short-range Forecast
Mesh) 33 Level Korea Region
5km 9 1Da For very Short-range Forecast
33 Level y Korea Region
15km For Now-casting & 3D Analysis
22 Level v 18 (e Korea Region
RLAPS 5k For N ting & 3D Analysi
m or Now-casting nalysis
22 Level . 1 o Korea Region
~ 30km For Medium-range Forecast
MG 1 Level 2 66 Hour Asia Region, Ocean Wave Model
ReTSM ok 9 2 Day Eg?éanale;ilglﬁ Storm Surge Model
~ 35km For Typhoon Track and Intensity
DIERIR 1 Level 4 3 Day Northern Pacific Region
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Resolution Produce —_
MODEL Horizontal Schedule PreTcélrcr:]lon Specification
Vertical (#/ day)
- For Short-range
A <) ClTEE 2 2105y Max & Min Temperature Forecast
For Short-range
e BRI 2 2108y Probability of Precipitation Forecast
For Short-range
Kalman Filter | 73 Cities 2 2 Day Max, Min & 3Hourly Temperature Forecast
S.K. 41, N.K. 11, China and Japan 21
” For Medium-range
Gl 8Ll 1 Y ey Max & Min Temperature Forecast
RDLM 41 Cities 2 Dy | O SIEEIEE

Max & Min Temperature Forecast
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Global Data ASS|m|Iat|on Plan

YEAR Plan
Operation of unified 3dVar and FGAT (First Guess at Appropriate Time)
2007 Development of Ensemble Kalman Filter
Development of 4dVar
2008 Development of 4dVar
GPS Data Assimilation
2009 Test Operation of 4dVar
2010 Operation of 4dVar

Global Model Plan

YEAR Plan
2007 Test Operation of New Korea Global Model (30km)
2008 Operation of New Korea Global Model (30km)
2009 Development of High Resolution Model(20km, 70Level)
2010 Operation of High Resolution Model(20km, 70Level)
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Regional Data Assimilation Plan

YEAR Plan
2007 Operation of unified 3dVar
Development of 4dVar
2008 Test Operation of 4dVar
2009 Operation of 4dVar
2010 Adding Asynoptic Observation Data

Regional Model Plan

YEAR Plan

2007 Operation of Next Generation Model (KWRF, 10km, 40Level,8/Day)
Test Operation of Severe Weather Prediction Model (5km, 70Level)

2008 Operation of Severe Weather Prediction Model (5km, 70Level)

2009 Test Operation of Ensemble Prediction System (10km, 20Member)
Improvement of Severe Weather Prediction Model (5km)
Operation of Ensemble Prediction System (10km, 20Member)

2010 Test Operation of Ensemble Prediction System (5km, 20Member)
Development of Severe Weather Prediction Model (2~3km)
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Wave and Ocean Model Plan

YEAR

Plan

2007

Test Operation of Global Wave Model (0.5°, WM3 - WW3))
Test Operation of Korea Wave Model (1/12°, WM3 - WW3)
Operation of Korea Wave Model (1/12°, WM3)

Operation of Regional Tide Storm Surge Model (1/12°, POM )

2008

Operation of Global Wave Model (0.5°, WW3)

Operation of Korea Wave Model (1/12°, WW3)

Test Operation of Regional Wave Model (1/12°, WM3 - WW3 )
Test Operation of Coastal Wave Model (1/120°, WW3)

Test Operation of Coastal Tide Storm Surge Model (1/120°, POM )

2009

Operation of Coastal Wave Model (1/120°, WW3)
Operation of Regional Wave Model (1/12°, WM3 - WW3 )
Operation of Coastal Tide Storm Surge Model (1/120°, POM )

Typhoon Model Plan

YEAR Plan
20~O7 Operation of Typhoon Weather Research Model (TWRF, 10km)
2009 Test Operation of Typhoon Weather Research Model (TWRF, 5km)
2010 Operation of Typhoon Weather Research Model (TWRF, 5km)
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Cllmate Predlctlon Model Plan

YEAR Plan
2007 Development of High Resolution Global Model-1(20km, 60Level )
= Development of High Resolution Global Model-2(30km, 40Level )
2008 Development of Ocean Coupled Global Model(110km, 21Level )
2009 Test Operation of High Resolution Global Model-1(20km, 60Level )
=~ Test Operation of High Resolution Global Model-2(30km, 40Level )
2010 Test Operation of Ocean Coupled Global Model(110km, 21Level )
Operation of High Resolution Global Model-1(20km, 60Level )
2011 Operation of High Resolution Global Model-2(30km, 40Level )
Operation of Ocean Coupled Global Model(110km, 21Level)
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Ref NEC SX-5/16A | NEC SX-5/12A

Installation 1999.6. 2000110}

CPU 16

Peak performance 128Gflops JeCiflo 03

Main
Memory

128GB

Capacity

of Raid disk 215 1Byt

- For NWP

: : SIRESCAICIINGS
Functions Operation o

IDEVEIORIMENL

StorageTek 14TB
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KA 1 §up_§_rcomputer System

Configurationof KMA 18t Supercomputer System

q ™

Firewall

Pre- post server

(HARFFRIIIAAYAYYY |
)

SX-5/16A

70

NAS storage

(HHTPIARARRRRRYIONN |

~ Backup server

SX-5/12A

KMA Backbone 3F
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ercomputer System

The Specification of KMA 2"d Supercomputer System

ADIC Scalar 10K 1PB

Ref

CRAY X1E

Installation

2005. 11

CPU

1024 MSP

Peak performance

185 TF

Main Memory

4TB

Capacity of DAS Disk

67 TB

Capacity of SAN Disk

21 TB

Capacity of Tape drive

1PB

Functions

For NWP Operation
Research & Development
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Meaning of BARAM Wind or Desire in Korean
Meaning of SHINBARAM: Excitement in Korean
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KMA Supercomputer in KIDC, 10 SEP 2005

Appearance of KIDC Building

xl

No. 22 of TOP 500 Ranking on JUN 2006

L
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e Improving Job Scheduling and failover including DR (2007)
— Applying SMS to Operational Model, Developing the best way and KISTI

e Reinforcing System Resources (2007)
— Adding storages for Huge amounts of Data User (50~100 TB)
— Increasing Network Speed for Exchange Huge amounts of Data (10gbps)
— Supporting the Outside Users using One Time Password

e Constructing Exclusive KMA Supercomputer Building (Needs more space, cooling and power)
— Deciding Building Site and Designing Architecture (2007)
— Constructing Building (2008~2009)
— Completion of New building (2009)

e Preparing to Introducing KMA 3" Supercomputer
— Feasibility Study of Vector and Cluster Systems, Investigation RFI (2007)
— Organizing T/F and Preparing RFP (2008)
— Introducing 3" Supercomputer (2008)
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System Replacement for Distributed Data Integration

- COMIS-3 Project (2006) (Combined Meteorological Information System)

- Integrated Storage Pool (200TB) for Systematic Data Management and Services

- Common RDBMS, Sharing File System, Collecting/Distributing/Processing Data
Conceptual Configuration of COMIS-I1ll Storage Pool

! NWP SYSTEM Satellite Rcv. & RADAR SYSTEM Observation Data Forecast, Warning
L o2 =" | lAnalysis SYSTEM | ||Lightning SYSTEM| || (Auto, Manual) _ _InputData__"|
lobal Tele. SYSTEM{~~.|| Government Disaster Prevent i Climate Data Earthquake
MO.nfo, SYSTEMY  Support SYSTEM §  Niformation SYSTEM) _Nanagement SYSTER  {nformation SYSTEN

e R " Backup Libraries
— SAN  Storage Area N/W

- NAS  N/W Attached Storage

— SATA : Serial Advance Technology Attachment
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et

04 118 168 2|1E

TEIN 155Mbps
Japan 2.2Gbps
(USA 1.2Gbps)
China 310Mbps

e-Science based
KREOMET/KREOMet2/HF Chet

r” + joining global Cyber Infrastructure
- s

KREONET

om0 3
Cheman \‘
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SuperSIRENDas)

2z - APITEIN

N .., ’n LN . -
.l"-.__nlerl n B

i 3 E E : Eurcpe
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1,
m L B
High-Tech S&T Facilities ey

{High-Performance Cluster/Supercomputers, Storage,
Experimental Facilities, Visualization. Access Grid. DB Servers. etc.)
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Support for KI\/IA Dlgltal Forecast System (http://www.digital go.kr)

3. Distribute digital forecast
contents from DB system

2. Get 5km digital forecast grids
MOS/PPM

3 i =11 s P —— psoft Internet Explore

[ -—
uPE(F) E’;‘(

[ELER

Z-4(0) ] htp:

DI b ' Kt
P i)

Qoo | 3 L A

1. Generate 5km grick o 5
from NWP output f B

] HImo= 2005.09.06 18:00 23

el = LR AR (092 0599

\ [
A GIGIEIE A mmm@%‘m,.; B B|@
IS S
e

028410011, Biiohg - 131

b T T ' RERESRE LR
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ROKAF PC

Internet

other PC

./

DMZ

l UNICORE &PBS
s — [} (10

intranet

APCC: Asia Pacific Climate Center
ROKAF : Republic of Korean Air Force
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Partlc:lpatlng |n Pro;ect and Supporting User

National Grid Project

E-Science Project

Project for Realizing WMO Information System

Supervising WMO Extraordinary Session of Commission for Basic System 2006
Collaboration with DWD for developing UNIDART

Collaboration with ECMWF for developing SIMDAT

High Performance Network (BcN project)

Application Programmers and system analysis expert supported by Cray

KMA-Cray ESRC ( ex. Workshop on performance 32-/64bit precision
operational models)

e Video Conference with NOAA/NCDC
e Technical Training (Fortran90, System Management etc.)
e Collaboration with NOAA for building GEO Test Bed

‘7=, Korean Meteorological Administration



Thank you

KMA's symbols
Sunflower: faithful heart for the public



