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. ERRFRT Ak (83-1074)
Estimated Production Loss of Major Agricultural Disasters ( 1994-2018 )

L Unit : N.T.51,000
RRd R AHML
Products loss
RO¥F B Disaster
& # | S ] A Y 3 A
Totl Crop Livestock Fishary Forestry
Typhaon

988N Win H R E 19081502 10109283 1551051 4314333 3106835 Aug Morsket 2009
23R WiameE, 18543 463 14779 276 467235 2430296 866 656| Ang. Herb, 1996
IS hEnE R0l BE&F | 18411548 16920 138 57036 105182 1319283 Sep Megi & Flood 2016
104585 &b BB, 0081659 9673 T3 21 695 229 633 56558 Ang. Soudelor,2015
LLESUERF £:175 1 7642586 7576 684 7974 42141 15787| Oct Korss 2007
04 TH A RERE 7502801 6678433 74110 634321 206127  Tuly Haitang, 2005
99EOH ALAR L B T5I9266 6544 674 121 010 768 854 34628 Sep. Fanapi, 2010
BTH10F s hueE 6660 671 6168 219 25 445 451 635 24372\ Oct Zeb, 1008
THOH FEEE 6421780 6328 303 8266 21 836 3335 Sep. Jangmi 2008
BOEEH B E A RE 6119063 5710063 76 783 140 381 182 836 Amg. Bilis 2000

[ e ——

94460 & 4846084 3648782 219 416 062 763 15123| June Chanchn 2005
107408238 8 E A 3 3453766 2765 547 176 562 510714 943 Aug. 23 Flood 2018
1004118 #& 21363718 2368718 - - -|  Nov. Fleod 2011
102448 & 1305494 2305404 - - -|  Apr Flood 2013
955 54 & ADS9A %) 2231320 2204480 20 261 4850 1729 May Flood, 2006
106 5 0601 & & 2200991 2193039 8114 5641 2207| Tune 01 Flood 2017
BTHE6H & 1913308 1883263 - 28 100 1945  Tune Flood, 1598
—— T
BBHONME A E 2061854 1283243 478 263 12070 283278  021Earthquake,1999
=E Frost Damage
1054 1H R 10 840 267 4207 867 807 6631408 6| Tan. Cold Surge2016
BEH12F WE 3143387 1930372 - 1113015 -|  Dec. Frost Damage 1999
945 1~3A BB 21817382 2670357 - 147025 -|  Jan. Frost Damage 2005
®E Hailstone
STEIA A E - ne 1998
asesse  More than 100 million dolar loss ..o
wE Drought
BSHTA MY 452313 452313 - - -|  Tuly Drought 1806
DETLER 341291 341201 - - -|  Apr. Drought 2002

Ll S R Ry BN E L A

WHAR: ATHEARSATEHRE - REE - R KL - B85 -
HNote ! The products loss by farm prices of production areas.

_\h-
w of Animal Industry, Agriculiure and Food Agency, Fisheries Agency, Forestry Bureau, COA, Execntive Yuan.
|
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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

O, . A
Changjiang
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Ocean-atmosphere coupled system
ESMF coupler Coupler is critical
Decomposition and Reorganization
. \m --‘{,‘- - " o initialize initialize i
Advantage: 2 L
1. FI@Xible R ' " finalize finalize
2. Division =RV 5 JEEE
SO S =
Disadvantage: k
1. steep learning/developing curve | fralize
NTU&CWA coupler MUIti-Scale Ocean and Atmosphere Coupled modelling System(MUSOACS)
Collection and Connection Single execution Driver 4
driver call MPL INIT :
Advantage: [ | ]
1. Customization t I TIMCOM | CWBGFS
mponen libtimcom.a ibewbgfs.a ;
2. EC(Sy to use components call lt\/ICT_]NIT ) [Calllb Mg'l%fH\IIT o

3. Efficiency

A 4

MPI core 0 MCT core 0 <_—,§_ g MCT core 0S5 MPI core 0
DESdeanqge: ' MPI core 1 [*5 MCT core 1 [*5] ”;T g E’T MCT core | [#5] MPI core | e
. . infrastructure | MPIcore 2 5] MCTcore2 512 | |2 MCT core 2 [$55| MPIcore 2 |
1. Complicated if thereare " |00 " |~ | — -
d —— many Cco mpo nenTS MPI coren &5 MCT core n m_ gi. MCT core m [®5| MPI core m

- u______“' o m% ’ ’ : : x couplerdafa-flow 3
e — T p— ———_
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~ CWA Global Ensemble Prediction Syste
(GEPSV2)

Model configuration of CWAGFS-TCO Model configuration of RSM

S
=

Dynamic Dy-Core
n Semi-Lagrangian(NDSL) + Semi-implicit (Juang 2007, 2008) ) ) . . | hi
Dynamical core 2-time-level, single precision. timestep=600s Semi-Lagrangian(NDSL) + Semi-implicit (Juang
D ical 2007, 2008) ; E
Horizontal resolution ~28km (1552x768) Octahedral Reduced Gaussian grid ynamicaicore 3-time-level e o :
and coordinate 72 sigma-P layers, Model top: 0.1 hPa timestep=45s

Physics J

5km (288x216) Taiwan area

Radiation RRTMG (lacono et al., 2008) Domain and Mercator projection F _'?
coordinate 72 sigma-P layers i
LSM Noah LSM Model top: 0.1 hPa T
PBL Monin Eddy-Diffusivity Mass-Flux (Han et al., 2016) Phvsi raﬁ:{”‘
ysics
Orographic gravity wave Kim and Arakawa (1995), Lott and Miller (1997)
drag Turbulent Orographic Form Drag (Beljaars et al. 2004) Radiation RRTM
dCrc;r;vectlve gravity wave Scinocca (2002, 2003) LSM Noah LSM
— KH-SAS Deep/Shallow Convection PBL YSU
(Han et al., 2017; Arakawa and Wu, 2013, ) : : )
Orographic gravity Kim and Arakawa (1995)
Microphysics GFDL cloud microphysics V2 wave drag Lott and Miller (1997)
Tendence of SST :
£30°N ¢ SIT (a one-column sea model) cumulus SAMF Scale-Aware IVIass_-Fqu Deep/Shallow
SST +30-40°N : SIT & CWBCFS/MOM3 weighting(>1day) Convection
+40-90°N : CWBCFS/MOMS3 (1-25 day) _ _ _ _
+OISST climatology weighting (after 25 day) Microphysics GFDL cloud microphysics V2



oy B 258 A5 Wit @ S
Institute of Oceancography, National Taivwan University CQDA Lwab
CWA Global Ensemble Prediction System
(GEPSV3)
_ _ . Multi-Scale Ocean and Atmosphere
high quality boundary condition Coupled System
from the global coupled madel
- Global Sf:qle. ity
Ocean ; Atmosphere
TIMCOM - ‘Tco383L72
« Domain: . radiation, wind, prec.. -« Domain:
OE~360E, 805~86.6N €= - OE~360E; 905~9ON
+ Gaussian Grids: L . = Gaussian Grids:
1536x720x55 ' ' © . 1552x768x72
(_144E 33[\]) + Resolution: - e -2 + Resolufion:
Bhali ~27 km f+sst, 58U, ssv  ~25km
N =
vt s U, 1.9, p,
Event rad. prec
3~33N)
Ay Regional Scale =N
Ocean 7 Atmosphere
TIMCOM - ~_RSM
Domain: | radiation, wind, prec. e Domqm
S — Regional domain 104E~144E, 13N~33N  Nmm————— - 104E~144E, 13N~33N
. Gaussian Grids: L ..+ Gaussian Gmds
(customizable) 768x432x55 1% L 768x432x72
Resolution: e -3 + Resolution:
~5 km #ssst, 58U, ssv - ~Dkm
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Evolution of coupled system

Completeness

TL319L60(0.375°)
TIMCOMV1.9(1.125°)

PREC(mm/day), with GM
45 e e y

after

TL319L60(0.375%)
TIMCOMV1.9(0.375°)

TIMCOMV1.8(0.125°)

2016 2018

TCo-TIMCOM ‘dhilGruensos

i Lo
antamas |, memsawis
§ 40| e -

Tco383L72(0.235°)
TIMCOMvV2.1(0.237°)

RSM(8km)
TIMCOMv1.8(8km)

11111
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Tco383L72(0.235°)
TIMCOMv3.1(0.237°)

RSM(5km)
TIMCOMv3.1(5km)

GVER: EMC Verification Scorecard
h

a TC0383 compare with GEPS2.0.1 5. TC0383-TIMCOM compare with GEPS2.0.

g
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Operational Parallel Run in CWA

(CWAGEPSV3)
elapsed 4, 0 hr Resource: 744 cores(17 nodes) 21 hr 22 hr
time >
preprocess runtime postprocess

Model Efficiency (2 hours)

103
——TC0O383

' ' :' | |—e=TIMCOM-glb
Global TIMCOM O hr 2hr 4 hr 6 hr 8 hr 10hr 12hr oo 840 hr : : S —6—RSM5km
(216 cores) A > - - © TIMCOM-tai

wn
=
Air-se S
CWAGFS interactign =
(222‘;?;?23) 7 > % Operatlonal setting ,__— *et
Regional coupled model driven by = in CWA
global coupled model 4
Regional TIMCOM 6 12he e 840 bt 107 o
(16 cores) :
Air-se 10t 102
cwAaRsM |, Upteractign elapsed time(sec)

(256 cores)
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Institute of Oceancography, National Taivwan University Forecas* skil I ith GVER CQDALWab *Q
GEPSV3 V.S. GEPSV2 W =
Globe N. Hemisphere S. Hemisphere Tropics P500 G2 00Z, 20240406-20240506 Mean
Day |Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day| Day | Day | Day | Day | Day | Day 140
1[5 |7 1520|253 | 1|5 |7 |15|20(25|30|1|5|7[15|20]|25 |3 |1|5]|7]|15|20]25]30 GEPS2.1.2 30.
500hPa | A A - o o o o A o - o o o o A A & o o o o A A o o o o 126 _‘GEPSV3 30. 1
Heights [700bPa | A A& A o o o ° A o A& o o o o A A = o o o o A A * o o o o g EC_GFS 31 ~+
1000hPa| A A A o o o o A o A o o o o A A & o o o o W o s o o & a nz2 _._NCEP_GFS 31
250hPa | A A A o o o & ) B A o o 6 o A A A ) ° & o A A A o o & o ag
Vector =
Wind S00hPa | & A A o o o e ¥ o A e o o o = A = o o ) o A A A o o o a
§50hPa | ~* A A o o o o o o A o o o o o A & o o o o VO OA A o o o Q WIND: RMSE
Conomaly 50bPa| A A - o o VY ¥ A = 4 T o o T A A = o o o o A A A o o o = P850 G2 00Z, 20240406-20240506 Mean
13
Temp |(500hPa| A A A ) o o o o o o o o o o A A e o o o a A A A o o o e GEPS2.1.2 30
850hPa | A A A o o o o o o o o o o o v A o o s o o v ) o o o o A 17 L :
250hPa | A A A o o o o s A A o o o e A A A o o o a A A A = o E o : ——a GEPSV3 3_0'
U-Wind | 500hPa | = A A o o o e ¥ = = o o o o o A & o o ) o A A A e o o a 10.4 _KEC_GFS 31
850hPa | ~* A A o o o v o NOA o a o o o A o o o o o Vo A A o o o o ’ ﬁNCEP—GFS 31
MSLP | MSL fl i e Cmm Co— — - S S — e el e e e ‘._ c'—‘_#_ﬁ _* _* _F b- 9.1
mede e . oo o oo o - - - Geopotential heights -~ -~ -
20hPag ¥ ¥ ¥ o o o o o o o o & vy v v = ° o o a0 v Yy v ¥V v V¥V 7.8
smraly v v - . v vvvyvwvvwv v v vat hlghelg attitude v v v v « |
lokpaj ¥ v Y Y ¥V Y ¥V ¥V VY ¥V ¥V YV ¥V V¥ a 1 Ya o ct vdv Y vV Y VY Y VvV v 6.5 4
Heights | 200hPa Red-: eteﬂ rated ©c o | T o o eleriorated. , v v v v v v |
S00BP B-Il-? ?.ﬂ- e Em em em Em Em oEm e Em Em e Em Em g e EmEm R 5.2+
T00hPa ue: I: rDMe o A o o o o A A aN o a o o A o v o o o
. ... B, 'l B 3.9+ 1. Better than GEPSv2(uncoupled model)
0onpp| A A A o 4 o o o o A o o o o A A A o & o o o A A = & & —_— 2. comparable with EC and NCEP forecast
1 f
].DhPa o o o o - a o o o v o o o & v o Q -] - o a o o o & o o
= N N ey = B o o 1a 3. Better than NCEP-GFS after 288 hours
weali 4 a - o . . . ..o L. . Géopotential heights, ; ; -
00bPH| 4 A A A A A A A A A A A - 4 . g 3 A 0 . . . . ’ . . r . . . . . . y '
RMSE ‘\:i:; WHPP| A A A A A A A+ A A A o s A ;wmd‘snaﬂdote;llgp?rqtqre. A 3.60 48 96 144 192 240 288 336 384 432 480 528 576 624 672 720 |
S00hPa | A A A < A o e ¥ A A & o o o mmved. o o A A A A o B Forecast Hour
700Pf| - A A + A :+ o o A A = o o o A& Al ol a2 o o o A A A A a 34
SSUhPi T A A - Fa¥ o o o o | A - o ) o o A A o = o o © A A A A A
00| * A A o 4 o o o" A s o o o W A A o o o o|A A A A A A 2.4 w7,
ll]hPEI & A A A iy o o A A A AA & & N A A A a & o ° ) o o o iy +/
WhPa A A A A = o o A A A + A A A & A A A s o o o * A A s A 1-3'#_*,.-'/
SﬂhP:l A A A A A o o A A A A A = A A A A = Fay o o A A A A A A 124
I00bPg| A 4 &4 A A * A A A A A A A A A A A A A o qebemt ot minom= o )
Temp lﬂﬂhl’; v v - o v o & v o o o ) = = & o a ) o o o v v v v v v 0_6 -
S[IOI:[PI A A A o o o o o s A o o o o A A A o o o l A o o v v v v
Y U S T S R Y A S U S S 180 48 96 144 192 240 288 336 384 432 480 538 576 634 672 720
ssohPd| = A A o A & o o oA o o A A o A + o o A A A - = A i
1000bH}| ¥ A A =+ A A = ¥ o & o o A A o A A o ¥ ¥ A A A A A Forecast Hour

e R s T R T T 0 e Tl e N e l S—
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F kill | hind
orecast Skill of long-tern hindcast
RMSE RMSE RMSE
Jan. 2001-2016 Jan. 2001-2016 Jan. 2001-2016
200 HGT@500mb o TMP@850mb 14 UGRD@850mb
—— GEPSV3@EQ s —— GEPSV3@EQ — GEPSV3@EQ
7 = =GEPSV2@EQ | |= =GEPSV2@EQ
—— GEPSV3@NH —— GEPSV3@NH S !
sor 8 [l GEravagsh  aEravagsH - s
pr— \) O V.
5 B - GEPSV2@SH — -GEPSv3@SH G - ol
- v
(0] [ ~ -~ e
£100| Saf Z -
[} ’/ r
T3+ =
- =
50 2 1 i
B ar=ni 1y 4 i 2L
O 1 L 1 L 1 L i O 1 1 1 1 1 1 1 1 0 L 1 L 1 L 1 1
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35
forecast days forecast days forecast days
RMSE RMSE RMSE
Jul. 2001-2016 Jul. 2001-2016 Jul. 2001-2016
— HGT@500mb g TMP@850mb UGRD@850mb
—— GEPSV3@EQ —— GEPSV3@EQ Eg M6 3 %E E’ Q{Eb’\ Qé(‘ﬁ
— -GEPSV2@EQ % 7 |-|— -GEPSV2@EQ GEP V3 1;-', -’Eﬁ KI H]I:' EAANIES - A
—— GEPSV3@NH —— GEPSV3@NH a4 <J —— GEPSV3@NH » - ! R
150 |-|= =GEPSv2@NH 6 ||— -GEPSVv2@NH PR 7 \ N — -GEPSV2@NH /
—— GEPSv3@SH = GEPSv3@SH / + 10 r|——GEPSv3@SH
o B -GEPSV2@SH |, | — -GEPSv3@SH
8 ~
v ~
£ 100 B @y £ Ye S = - i P ~\Ya 3y
:\ _@‘3 A N~ = \ 6+ 4
L - - b~ o -
- il ) (% h g s
50 - 2+ -
_____ e r— 1r & 2r 7
0 O 1 1 1 1 1 1 1 1 0 L 1 L 1 L 1 1 1
0 5 10 15 20 25 30 35 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25
forecast days J forecast days forecast days
NS
GEPSV3E’J500hPa HGTERIRE R ELLGEPSV2E
- . e .
— S e ~ -t — e
T— S e e . " i —
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MJO RMM index (bivariate correlation) LNNTraseasonal Oscillation- MJO

Valid da[ta: 202:?1 20100 to 2024033100 control run
1.0 it ity N HU I N
] — GEPSv3 r
— GEPSv2
08 — — CWACFSv2 —
] — GEPSv3_oa |
06 - — NCEPGEFS |
0.4 — :
02 — -
] s GEPSv2 CHI200 GEPSv3 CHI200 GEFS CHI200
b ;-
0-0 I L B (5-day running mean) (5-day running mean) (5-day running mean)
0 3 6 9 12 15 18 21 24 27 30
Forecast day Forecast 0 to 30 Forecast 0 to 30 Forecast 0 to 30
Z200—nra velocity Fotent Velocity potential m s-1 Velocity potential Velocity potential m s-1
5—=day Running Mean 0 ] ] 1 ] | 0 1 1 0 ] 1 | |
2 ~- - > =
. -
10 - ~ 10 10 - -
oomain.
g
= 15 - - 15 15 — -
20 20 20
' ﬁ =
25 [ 25 25 - . N I
‘ |
I I I : | I T I T I T | I | i
0 B0E 120E 180 120W 60W 0 60E 120E 180 120W 60W 0 60E 120E 180 120W 60W
S 1206 180 120N W 0 15129 6 3 0 3 6 9 12 15 45129 6 -3 0 3 6 9 1215 45129 -6 3 0 3 6 9 12 15
‘~--.":-,;_‘.,__.I -5 -12 % -9 -3 0 85 & 9 1 18 I. -
*‘-“ Data updated through 11 AUG 2024

. S = m— .
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Evaluation of Global TIMCOM

= aHE BRI AITR I FRIR IS
L. s - ._l - _- . | --l \ IF‘attlcs;rnlColrr.(.‘EIQST) SSTE:'—':E&E*E/\JRMSE/E@COfTﬁQQ%

90N L 1 | I
- ©1.00 — | | | | | | | | | .
on T [ 0.96
. B ; RMSE(SST) Pattern Corr.(SST)
30N — i ~0.92 — =
i 7] | 1.2 20%31q | | | | 1 | 1 | | | | |
3 0.88 - - ] = 20N-20S - 1.000
0 i - 0.88 — T o4 — 20908 3 1
] [ 1 — 20-90N - 0996 -
|Pacific Cold Tongue (PCT) “ L 0.84 — S -
308 — = : B 8 - 0992
© 7 080 o] — Padifiocoidtougue - O 06 - 0988
L — Kuroshio Extension ]
- 0.76 —| — North Atlantic - 04 - 0984 0 _ 5oN-208
. . : ' 072 —  Gulf stream 0.2 - o0sso 4 _ ggggﬁ
180 150W 120W 9OW 6OW 30W 0 G0E G0E 90E 120E 150E 180 L L L L L A A L 00 T T T T T T T T T T T T 0976 AT T—T—T—T—T—T—T—1
14 7 10 13 16 19 22 25 28 31 34 37 40 43 1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 1 4 7 10 13 16 19 22 25 28 31 34 37 40 43
PalttlernI CO{r-(SISﬁ) o Pattern Corr.(SSS) RMSE(SSS) Pattern Corr.(SSS)
1.0 | | | | | | | | | | | | | | |
: : 10 0.35 202|31q | | 1 11 | | 1 1 | 1.000
] i ’ 1 — 20N-205 E ’
| - 030 4 — 20-90S =
09 — T 09 — 025 4 20-90N E 0.990
! i | 5 020 5 - ]
0.8 - - 0 - & 015 5 E "3
: A N - oo TGRS
07 _| — Paciecodtougue - —  Pacific cold tougue 0% ] | — 209N
] = KU'US’liUE*_TB"SiU" . 0.7 = Kuroshio Extension 00 71T T T T T T T T T T T T T 0960 +———T—T T T T T T T T T T T
1 — North Atantic - 1 Mo Atianti 14 7 10 13 16 19 22 25 28 31 34 37 40 43 1 4 7 10 13 16 19 22 25 28 31 34 37 40 43
06 —  Gulf stream 1 — Guifsream date date
N | | | | | | | | | | | | | |
06 T T T T T T T T T T T 1

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43
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Regional TIMCOM forecast
TIMCOM SST of 15°C, 20°C isotherm  HYCOM SST of 15°C, 20°C isotherm

2024/08/M19 max= 31.0932, min= 23.0276 2024/08M19 max= 31.088, min= 23.034

30.5
30
29.5
29
28.5
28
27.5
. » 2! 27
25N — T -y ] 26.5 25N
VI Y | A 26
25.5
25
24.5
24
23.5
23

22.5 20N
22

20N

120E 125E 120E 125E
] ]

—_—
Rafarenca Vector

P

—_—
Rafarenca Vechor
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Initial time
2024/01/17 00Z

RSM T2m of 10°C isotherm

2024/01/17

25N

120E

Cold Surge

» | P1: initial 01/02 to 01/08
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A7}
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1
- - - 0.8

s init:0102 init:0103 init:0104
©—init:0105 init:0106 init:0107 06 {----------gg- """ -------

. ®—init:0108 -=--P1(mean) -=--Taipei (obs.) 0a 7777 BB
1/2 1/4 1/7 1/9 1/12 1/14 1/17 1/19 1/22 1/24 1/27 1/29 °

. o1 0.2
»[P2: initial 01/09 to 01/15 -1
. —) 02 [P
i 04
20 .‘ 's :=
\\ ,‘ :il: '0.6
15 h] L)
1
(WK
(WK

10 ‘v' |'

s init:0109 init:0110 : . °
o—init:0112 init:0113 init:011 Pl . weqk s|gnq|
®—init:0115 ---P2(mean) ---Taipei(obs.) . F

® va 1 ye 112 e 17 119 Y2 124 121 129 P2 5|gna| ar'ls -

= | P3: initial 01/16 t0|01/22 2

20

10

init:0116 init:0117 init:0118

> | ®—init:0119 init:0120 init:0121
®—init:0122 -=-P3(mean) -=-Taipei (obs.)

- - ° 1/2 1/4 1/7 1/9 1/12 1/14 1/17 1/19 1/22 1/24 1/27 1/29 .
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[Analysis]: 24/01/22 — 01/25 Cold Surge 2024.01.23

T f) b & T
= P & 9
== - i @ \
b [’ A £ |

IFS

The prediction of EC-IFS(NWP) and AIFS(AI) are
familiar with analysis data in the position of
0 degree of temperature at 850 hPa height and
the trough of geopotential height at 500 hPa.

=

: >~ Al model predict 24/01/23 cold surge well for
Analysis S ¢ Y~ 5days inadvance. for M

Initial - 24/01/18 12Z
Forecast: 24/01/23 00Z(+84h)

R g

Pe—TRRRR———
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Summary and future work

* A novel Multi-scale Ocean and Atmosphere Coupled Modeling System
(GEPSV3) 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)

 GEPSV3 surpasses the current operational atmospheric forecast system at
CWA(GEPSvV2) up to 30 days

* The predictability of MJO is enhanced.

* MUSOACS predict 24/01/23 cold surge for 9 days in advance, performln
better forecast skill than Al model. =

* Long-term hindcast validation.
* Include wave model and ice model.
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