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Multi-scale Ocean-atmosphere Coupled
Modelling System
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Education

1997-1999 (M.S.) Stanford University, Department of Mechanical Engineering
1999-2003 (Ph.D) Stanford University, Department of Civil and Environmental Engineering.

Professional Experiences

2004-2006 Lawrence Berkeley National Laboratory, Computational Research Division

2006-2012 National Taiwan University, Department of Atmospheric Sciences
2012-2017 National Center for Atmospheric Research, Climate and Global Dynamics Laboratory
2017- National Taiwan University, Institute of Oceanography

2021 - National Taiwan University, Ocean Center (Director)

Research interesting: turbulence and mixing, Computational Fluid
Dynamics, high-order numerical method, non-hydrostatic model,
regional and global ocean circulation model, air-sea (o 2
atmosphere) interaction, climate model developmen'r
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EREBFERT A Hrdik (83-1074)
Estimated Production Loss of Major Agricultural Disasters ( 1994-2018 )

GBS ERT SRR

Cold surges

W Extreme rains

i A Unit : N.T.51,000
LS 5 2 0 EY
Products loss
EOF oH
Typhoon
LLES TR £-5 0 19081502 10109283 1551051 4314333 3106835 Ang Morskot 2000
540 WiamE 18543 463 14779 276 467235 2430296 866 656|  Angz. Herb 1096
IS nE R0 EEaF 18411548 16920 138 57836 105 182 1318 283| Sep. Megi & Flood 2016
104555 4 BB, 09081659 9673773 21 605 220 633 56558 Amg Soudelor,2015
LESTERF §:1 11 7642586 7576 684 7074 42141 15787| Oct Korsa 2007
O4FETH R REERE T 502 991 6 678 433 74110 634321 206127 Tuly Haitang 2005
FLES IR - T 520 266 4§ 544 674 181 010 768 954 34 §28| Sep. Fanapi 2010
BT 10 240 6E, 6 669 671 § 168 219 25445 451 635 24372 Ocr Zeb,1908
OTH O FERE 6421780 6328 303 8166 31886 3335\ Sep Jangmi 2008
SO A B AR E 6 119 063 5719063 T6 TE3 140 381 182 836| Amg. BEilis, 2000
®£A Flood
94460 £d 4 846 084 3 648 782 219 416 052 763 15123 TJune Chanchun 2005
070823 F e Bl ¥ 3453 766 2 765 547 176 562 510714 943| Amg 23 Flood 2018
100#118 £& 2368718 2368 718 - - -| Hov. Flood, 2011
02540 A& 2305494 2305494 - - - Apr. Flood 2013
9345 #AOHNALR) 2231320 2204480 20 261 4850 1728| May Flood 2006
1064 0501 £ & 27109 981 2183 939 8114 5641 2297 Tune 01 Flood 2017
BTH6A £® 1213308 1883 243 - 28 100 1945| Tune Flood 1998
oo Tl
BEFO21M M A 2061854 1288243 478 263 12 070 285 278| 921Earthquake,1999
x=E Frost Damage
105518 =& 10 840 267 4207 267 807 6631498 6| Jan. Cold Surge, 2016
8B 12F RE 3143387 1930372 - 1213015 -| Dec. Frost Damage, 1999
9455 1-38 BB 2817 382 2 &70 357 - 147 025 -|  Jan. Frost Damage 2005
®E Hailstone
STHIAATE 3082910 3082010 - - -| Feb. Hailstone, 1998
HESE):FE 408 215 498 215 - - -| Dec. Hailstone 2002
wy Drought
BSETANY 452313 452 313 - - -|  Tuly Drousht 1996
91440 B E 341201 341 291 - - -|  Apr. Drought 2002

« Typhoons
« Cold Surges
« Extreme rains

i o AR A R W R A R R -

FHAR THERERAN TSNS - RAEF - REF -5
Wote | The products loss by farm prices of production areas.

Source : Department of Animal Industry, Agriculmre and Food Agency, Fisheries Agency,Forestry Bureau, COA, Execufive Yuan.




|w@ %T%f\? uél‘#}; e@ “@ ’
S ) M ° why, CODALab
Objective

 Build a multi-scales, high-resolution and accurate extend
weather/climate forecast system
« Dynamical downscaling of regional ocean-atmosphere coupled
model online driven by a global coupled model framework
- Ocean and atmosphere
- Extend weather forecast
- Enhance short-term to long-term climate predictability skill
- Benefit agriculture and fishery
Reduce the risks of natural disaster
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Paradise of physical oceanography
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Taiwan Multi-Scale Community Model (TIMCOM)

http://140.112.66.144/research/timcom

| Bryan (1969) |

SC @

Tseng et al. (2012), Prog. Ocean 1 i
Tseng and Chien (2011), Comp. Fluids
Shen et al. (2011), J. Mar. Sys.

v Shen et al. (2013), Prog. Ocean \
| Cox (1970) | Young et al. (2012), Env. Modell. Soft
A Young et al. (2013) MWR
 Seminer (1974) | TIMCOM Family
POCM FRAM |, Cox | SOMS
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h "1‘ h 4 —> (1989) h
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NCOM
L '1" L (J L A —1 (1993) L
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(1994) _‘ (1995) (1995) (1994) | (199s)
POP | momn2 [ CSM DIECAST CANDIE
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Institute of Oceanography, National Taiwan University g CODA Lab

Taiwan Multi-Scale Community Model (TIMCOM)

Governing Equations o -
1 du 3 -I:‘U cos ¢"} A A: the longitudinal varialil®
( + ) 4+ — = (0 ¢: the latitudinal variabl&8
R cosd

Continuity eqn.
di ad} dz z: the vertical variable

Momentum eqn.

du Lu+(l’+umn¢) 1 ﬂp_l_n . ﬂ( ﬂu)

gt Y p,Rcosd di mt T 52 A dz

dv r (f_l_utand:-) 1 dp LDy d ( ﬂu)

£ R /" p,Rdd mY T 57 Ay dz

Conservation eqgn. for temperature and salinity Eqgn. of State

dT d dT _

_ = p(S, T, p)
— =— [ T+D T-I——(H _) p=p(STp
ot - AR

Hydrostatic Eqn. Z_p =—(p—p)e
Z
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Taiwan Multl-ScaIe Community Model (TIMCOM)

Model Bathymetry and Domaln Decomposmon

60 N[Rac ="

5 . il Gy
10 NEENE %

*Primitive, hydrostatic
equation

*Fourth-order combined
Arakawa A and C-grid
*Free surface

-Wal mixing
« GM pa eterization
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Multi-scale Ocean and Atmosphere Coupled Modellng

System (MUSOCS)

high quality boundary condition from
the global coupled model

(144E,33N)

Px55

768x432x55
) . « Resolution: - ssT_rssu e —
Regional domain k Tk R
(customizable) —
e SR i TR e

Multi-Scale Ocean and Atmosphere
Coupled System

" Global Scale
Ocean 7
TIMCOM 2
- Domain: | radiation, wind, prec.

OE~360E, 805~86.6N €
« Gaussian Grids:

Atmosphere

'Tco383L72
= Domain: 55
- OE~360E, 905~90N
» Gaussian Grids:

1536x720x55 > - 1552x768x72
» Resoluftion: - — == <+ Resolution:
~27 km #.sst,ssU, ssv ~25 km :
\ e 4 4
uv,t,s UM TG D,
rad. prec
Ay Regional Scale ] .
Ocean ' Atmosphere
TIMCOM ~ RsSM
« Domain: r'adlaTlon wind, prec. = Domain:

104E~144E, 13N~33N 4
* Gaussian Gr‘lds

p

’
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104E~144E, 13N~33N
.+ Gaussian Gr'lds
- 768x432x72
« Resolution:
~d km
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Ocean-atmosphere coupled system in

ESMF coupler Coupler is critical
Decomposition and Reorganization

initialize

initialize

Advantage:
1. Flexible

run [

finalize
—e”

finalize

2. Division ICE
initialize
. initialize
Disadvantage:
1. steep learning/developing curve | rakes
NTU&CWA coupler MUIti-Scale Ocean and Atmosphere Coupled modelling system(MUSO
Collection and Connection Single execution Driver
driver call MPI_INIT
|
Advantage: [
1. Customization TIMCOM | CWBGFS
components libtimcom.a libcwbgfs.
2. Easy to use call MCT_INIT Call MCT INIT b
3. Efficiency ! .
MPI core 0 MCT core 0 [*55 é § MCT core 0 MPI core 0
. . MPI core 1 5] MCT core | [*5|2 = 5| MCTcore 1 [=5| MPI core 1
Dlsadvar}’rage. . infrastructure | MPIcore 2 5] MCT core 2 ‘—TE E. 5| MCTcore2 [5]| MPI core 2
1. Complicated if thereare 70070 = 2R L =<
many Componenfs = 3 & MCT core m MPI core m

— . 1 s
- X i il —
e % =

e ———

_ . y
T .y

coupler data f
_
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Version & Resolution

Institute of Oceanography, National Taiwan University

Ocean-atmosphere coupled system in CWA

TL319L60(0.375°)
TIMCOMvV1.9(0.375°)

TIMCOMv1.8(0.125°)
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i .0.1

a TCo383 b TCo:

30 30 N N\ s
s S ] ] 20 LA =
1 o b Y sty s iNEEEE [ [
i [ [ viaa v B d P e e = e
o v £ ¥ o o i T
Z . e L = b s = o
2 L T I e T I e i R o g Ny
= s - v e s12) <, -
[¢} : 0 e
TL319L60(0.375") -3 N2 I -
- - o o
o |
4 affer ‘J 18 ¢ ¥ ¥ | (1312) “’“’
o5 |
5 B : I
] E |
5 10°N T T T T
e P - cova s 110°E 115% 120°E 125°E 130°E 135°E
2 s N
) "
" 1 |k b
10 news tietke




Oper'ational parallel run in CWA

elqpsed 1 hr 0 hr Resource : 1,080 cores (23nodes) 1 hr 12 hr
time
preprocess runtime postprocess
Global TIMcOM 0 hr 2 hr 4 hr 6 hr 8 hr 10hr 12hr ------- 840 hr
(384 cores) A :
Air-se
interactign
CWAGFS
(384 cores)

Regional coupled model driven by
global coupled model

Regional TIMCOM g/ 6V
(96 cores) _

Air-se

interactign

CWARSM 4
(216 cores)
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Model performance

Model Efficiency (2 hours)

103 '
—e—TCO383 -
—e—TIMCOM-glb| |
—&—RSM5km |
" S o TIMCOM-tai
e 2 \
o \ .
B X
)
e
i, \J
104 o — Operational setting
16 10°
elapsed time(sec)
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(CODA tab

Global coupled V.S. uncoupled |

Blue: improved Score card in 16 days 4

Red :deteriorated
(a)Tco383-TIMCOM(2.0.3) VS GEPS 2.0.1, 2023-10 (b)Tc0383-TIMCOM(2.0.3) VS GEPS 2.0.1, 2023-11
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Institute of Oceanography, National Taiwan University

Global coupled vs. uncoupled
Intraseasonal Oscillation- MJO

IC: 20231115 IC: 20231116 IC: 20231117 IC: 20231118
4 | L 1 1 . 4 - 1 1 L 1 M /I 4 N " | 1 N
o - 7 : 1 © b 7 : 7 © 7 i
@ \\ | // @ $ ~ | / g
@ ~ / 7] ~ e
E N | s E _f:" N } s . E B
= . : - & 3z | ‘ P 3z, p
= 2 . B o= - Bw ‘ / 2 5 e
S I -~ % S % 2 | s 8 L 7
£ |8 = 5| o g ok | 8 : 5log |8 /
£ ~ F e g€ £ £
2 o4 L= @ L 2® o Mol A N 2 80 Wbl
£ = 2 g 3
5 obs 25 35 25 :
& 1 \ 4| 2 8 23 1 N 41 2 8 1 ‘ S
= led & = 2z, | N L2 =, | N
= 27 , |C0l}p e o = - o -2 , w N o -2 . | .
‘; i : N h ‘; = g e : AN » % d : N
@« s N E // | \\ @ // ‘
£1 uncoupled | 2| 2 | 3 | £ ] 2 |
4 )ofjs op4cpl GEPS2.011 \\ 4 ,Df)S opdcp S2.0 4 ,Df:s ‘bfi-l‘i -1| : ( IH — ‘ \| 4 ,of;s I‘,::-Ilt .:‘ : ( In —
4 2 o 2 a 4 2 "o 2 T 4 2 0 2 4 4 2 0 2
Phase 2 (Indian Ocean) Phase 3 Phase 2 (Indian Ocean) Phase 3 Phase 2 (Indian Ocean) Phase 3 Phase 2 (Indian Ocean) Phase 3
IC: 20231119 IC: 20231120
] ‘ - MJO RMM index (bivariate correlation)
© 1 O F ©
a | i 2 Valid date: 2023110500 to 2023120500 control run
£ | - oF . 10 1 (R s A N SO M
o i L L 7o 2 - — CWATCo-TIMCOM
8 ‘ s 5| 88 8 i — GEPS2.0.1 i
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4 ,oﬁs opdcp GEPS2.011 ~ a .
- T | 1 T } T i B [
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0.0 \ | | | \ | \ \ |
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Global coupled vs. uncoupled vs. NCEP GEFS

2024/01/01-2024/01/31 (15°S-15°N)
U200 anomaly U200 anomaly

20240101 to 202|40131 | A | Icase num: 31 20240101 to 202140131 | | | lcase num: 31
18 4 _ GEFS det - 18 4 _ GEFS_ens -
R ggggvg_get — @ 15 | — GEPSV3 ens -
En2q4 T v2_det - E 4~ GEPSv2_ens g
o 6 E o 6 -
3 - 3 —
0 T T T I T T T ] T I T T I T T T l T T o I T T T T l 1 T T I T T I T T ' T T T l T T
0 5 15 20 25 0 5 10 15 20 25
U850 anomaly U850 anomaly
. 20240101 10 20240131 case num: 31
1B 20240101 to 202|40181 e | BT Ica.‘se rrum‘ 31 10 - A i | ) | L . | PN it
| — GEFS_det - __ g - =— GEFS_ens =
% 8 — GEPSV3 det - @ ° | — GEPSv3_ens :
€ g — GEPSv2 det - E 6 - — GEPSv2ens -
T 1 o L ] r
0 4 - "_ g 4 -

s = _/ g
[an 5 F 2 r
0 1 e S LA LN L BB L B LR BN B
0 5 10 15 20 25 0 5 10 15 20 25
OLR anomaly OLR anomaly

20240101 1o 20240131 case num: 31 20240101 to 20240131 case num: 31
60 - ! i ' ' | 1 ' N - 60 = - I I T P | 1 . -
o~ 1 — GEFS_det - & 50 | — GEFS ens E

o == = — o 50 ) A
509 — GEPSV3_det < | — GEPSV3 ens g
£ 40 4 — GEPSv2 det -~ £ 40 4 — GEPSv2 ens 3

= — = .
um.l 3 5 % 56 E F
S 20 - g
T 10 = -~ T 10 -
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Global coupled vs. Global coupled
uncoupled vs. NCEP GEFS vs. NCEP GEFS

2024/07/01-2024/07/31

U200 anomaly (15°S-15°N) U200 anomaly
20240?01 1o 202?0?31 L | o lcase num: 31 2()240?01 to 202?0?31 L | | . Icasa rlnum: 31
18 - — GEFS_det = 18 -| — GEPSV3_ens -
m — GEPSv3_det i | — GEFS_ens i
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w 12 - — O 12 — a
z ° _— & 3
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--'|-'| L T T T LA B I ™ N B
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. 20240?01( 20 40731 i
80 0240701 0 20240731 . ' L. jcase num: 31 6.0 o 202 L i A ease num
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@ 6.0 — | & 60 -| — GEFS_ens -
E —  E
W 4.0 — /: W 4.0 —
7] 12} —_—
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Global coupled vs. uncoupled

Typhoon Track
Typhoon Mawar Typhoon Doksuri Typhoon Khanun

Typhoon Track forecast of TCo383 and TCo383-TIMCOM at 23073012
Typhoon Track forecast of TCo383 and TCo383-TIMCOM at 23052612 Typhoon Track forecast of TCo383 and TCo383-TIMCOM at 23072512 T

q:,;] (\:1: &/‘Zﬁ\ ﬁ/ 2023073012?%%&

20230526127H% ( 202307251278 4
- =] & o WV
o / > : >

-,g 30°N

|

§ K:mmm.m

—— Best Track
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2024 1/23 cold surge event
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2024 cold surge events
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GEPSv3 (Regional TIMCOM) vs HYCOM(0.08°) reanalysis
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VS HYCOM reanalysis (Surface)
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Summary

* A novel Multi-scale Ocean and Atmosphere Coupled
Modeling System (MUSOACS) is developed to enhance the
predictability of extended-range weather/climate forecasts

« MUSOACS: high-performance global ocean+atmos coupled:
models + regional coupled model (2+2) |

« MUSOACS surpasses the current operational atmospherlc
forecast system at CWA up to 16 days -

* The predictability of MJO is enhanced.

 Typhoon tracks are comparable with EC and NCEP
products
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