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S RLE S SRS

2.5 jair R | kT 43 Bl %4

ECMWF (2016/3) |01280L137 | 9km S-P 137 | SISL + spectrum
JMA (2007/11) TL959L60 | 20km S-P60 | SISL + spectrum
NCEP(2015) TL1500L64 | 13km S-P64 | SISL + spectrum
UKM (2010/5) N512L70 25km S-P 70 | Finite difference

KMA (&&[E2010/5) | N512L70 25km S-P70 | Finite difference

CMA (#1[22008/1) |TL639L60 | 32km S-P60 | SISL + spectrum

CMC (l1£X2006/8 ) (800X600) 34km S-P 80 | SISL + finite element

NAVGEM (2015/10) | TL425L60 31km S-P60 | SISL + spectrum

CWB (2016/4) T511L60 25km S-P60 |spectrum
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e T511L60 T319L40

DA

Dynamic

Physics

*

Present and Past of CWBGFS

Present

Hybrid GSI

Horizontal grid
(~25KM)
Vertical grid: S-P hybrid 60 layers
Model top: 0.1MB

Soil model : Noah Land Surface model
Vertical turbulence : Hong and Pan (2011)
Cumulus convection : NSAS Han and
Pan(2011)

Grid scale precipitation: zhao and Carr
(1997)

Shallow convection: Han and Pan(2011)
Topographic gravity wave drag: palmer
(1986)

Radiation : Fu et.al. (1997)
1993)

nonorographic gravity wave drag:
Scinocca (2003)

: reduced gaussian grid

~ Fu an Liou (1992 ;

Past

Hybrid GSI

Horizontal grid: regular gaussian grid
(~40KM)

Vertical grid: Sigma 40 layers

Model top: 1IMB

Soil model : Noah Land Surface model
Vertical turbulence: Mahrt and Pan (1984)

Cumulus convection : NSAS Han and
Pan(2011)

Grid scale precipitation: Zhao and Carr
(1997)

Shallow convection: Li and Wang (2000)
Topographic gravity wave drag: palmer
(1986)

Radiation : Fu et.al. (1997)
1993)

~ Fu an Liou (1992 ;
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Past

day 5 forecast, 500hPa H AC — N.Hemas.

CWB(t319L40)
NCEP(t574L64)
EC(T1279L91)
FNOC(t359L50)
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500hPa ach 5 day fcst — NA
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500hPa AC, 16030100-16033100,12Z

500hPa ach 5 day fcst — NA
01MARZO16—-31MARZ016, 127
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Anomaly Correl:
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26MAR

HGT P500 G2,/NHX 12Z, fhi20

0.7 -
—_GF3 0.a88 a1 —a--- JMA 0.898 @ 31
.a.. ECM 0.924 31
0.6 - e OMC 0,905 31
.+.. FNO 0.871 27
n.ﬁ ] ] 1 1 1
,l'a gfg SMAR 11MAR 18MAR 21MAR 28MAR

Verification Date




500hPa AC, 16061600-16071700,00Z

500hPa ach 5 day fecst — NA
16JUNLO16—-17JULL016, 00Z
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NEPARTAK

2016:7:3:0-2018:7:8:0 (850H)

o~ L

obs
ops511?

NEPARTAK

2018:7:3:0-2016:7:8:0 (850H)

obs
c3pSs2 B

3

2016070300—-2016070900 track error

)00 50
c3pisZ2_B3——
100 TWRF1.5 —— 45
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300 1 40
700 1 35
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MERANTI  2016:9:10:6-2016:9:15:6 (850H)

/"/ éﬁw\"
- obs
ops511?
MERANTI track error
1000 50
ops511 ——
900 v5.2 —_— 45
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“‘Aé’ 5001 / 25
MERANTI 2016:9:10:6-2016:9:15:6 (850H) <] F
ral E /
b 400+ /,, 20
o0s
300 +/+ L15
v5.2 .
o
200 L10
100 5
0 T 12 18 2+ 30 35 42 45 S+ 60 66 72 75 8¢ 90 9 102 108 114 120

time(hour)

[ =g |I’-.. = [ — -
i fa I ..I', . =7 || H
-!.r.lw\ s 3'-].'1"\--- —— f.r.f.v\— = ’,h":'; Becii Rz TJ i

f
» Forecasts Satellite Earthquakes Marine Radar Astronomy

12




MNALAKAS  2016:9:12:18-2016:9:20:6 (850H)

Fal

obs
aps511

MALAKAS track error
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MEGT 2016:9:23:6-20716:9:28:8 (Bﬁﬂﬂj
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MEGI track error
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@ >IRPNRh kB I L SL(CWB/GET)

CWB GFS EPS for Typhoon track (GET)

| deterministic TE11L 60
resolution model

ensemble T511L60

global T421L.60

Initial ON_ANO
oerturbation, | N€St€d | east Asia 120%0NEE:SL%ON0E

singular vector typhoc_)n

domain | typhoon 150 x 100

optimization 48 Hrs
time
ensemble size 20 -
forecast length 5-day s B e

i/ B i 1R ’ |

i f ] .', - ;:I‘ i\-. = -.-" ‘l I ! \ |
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Probabilistic Estimation (2)

55N

15N

CWB GEps for Typhoon—track (GET)

Initial time = 151007100

B A EE S Sy - % N M | ey

©—8Best Track

*——x Ensemble
- PCA(24hr)
%~ PCA(48hr)
*——x PCA(?72hr)
PCA(96hr)

% PCA(120hr)

105w 100W  95W ; ; ; ; ; ; 500

f Young-Sin Lai




Typhoon Initial date End date
NEPARTAK 2016070300 2016070900
LUPIT 2016072318 2016072412
NIDA 2016073018 2016080218
OMAIS 2016080406 2016080912
CONSON 2016080818 2016081418
CHANTHU 2016081318 2016081706
DIANMU 2016081800 2016081906
MINDULLE 2016081906 2016082300
LIONROCK 2016081912 2016082812
KOMPASU 2016082000 2016082112
MALAKAS 2016091218 2016092006
MERANTI 2016091006 2016091506

MEGI 2016092300 2016092806 =, .
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2016 typhoon total track error

error(km)
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time(hour)
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MERANTI track error (16091006-16091506)

800

—8—CWB_D —8—CWB_EN —®—TWRF2.0 TWRF 1.5 —&— NCEP —0—ECMWEF

700

600

g

track error (km)
-
8

g

100

° 0 6 12 18 24 30 36 42 48 54 60 66 72 73 84 90 96 102 108 114 120
time (hr)
0 12 24 36 48 60 72 84 96 108 120

CWBdet| 0@ [44.509)]73.0(17)[94.0(15)[{104.2 A3)[157.7(A1D)]192.49)196.2(7) | 181.4(5) | 272.8 3)]697.9 (1) N
CWBens| 0@ [425(19) 74707 (97.515)1122.0 13)[187.6 (11)[ 239.59) [ 251.0 (1) | 245.2(5) | 272.7(3) [ 5149 (1) “y .7 4

TWREF2.0{389 @1)[48.7(19) | 72.7(17)] 75.0 (15)] 90.8 (13) |106.3 (11)[ 155.5 9) | 178.3 (7) | 266.8 (5) | 4314 3) [ 4802 ()| ——
414 (21) [42.4(19) | 54307167215 [ 77.8(13) [ 825D | 96(9) 11309 (7) [ 188.7(5) | 261 (3) |268.2(1) 2 Ll g“] W
NCEP [24.5(0)[283(18)141.9(16) | 61.5(14) | 84.1 (12) |118.2 (10)] 162.1 (8) | 203.6 (6) | 263.8 (4) | 248.4 (2) 3P-A:;tr‘onomy

ECMWE 127.7(10) | 3299) [ 46.7@®) | 396 (D | 79(6) |120.7(0) | 164.1(4)[17243)[145.6( D] 117(1)




MALAKAS track error (16091218-16092006)

1400
1300

—8—CWB_D —0— CWB_EN TWRF 2.0 TWRF 1.5 —&— NCEP —&— ECMWF

1200

1100

track error (km)

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108 114 120

time (hr)
0 12 24 36 43 60 12 84 96 108 120

CWBdet| 031D [49.929)]65.0(27)]104.4 (25)[147.0 23)[198.6 (21)]303.8 (19)[397.9 (1I7)[559.1 (15)[761.4 (13)|987.7 (10) I~
CWBens| 0(30) |483(28)]66.4(26)[111.3(24)[152.1(23)[194.1 21)]266.5 (19)[355.0 (I7)[476.2 (15)]572.0 (13)(735.2(AD)] = e

44.1(31)146.2(29)]59.6 27| 95@25) [140.3 (23)[228.4 21)| 355 (19) |523.6 (17)|728.7 (15)11090.4 (A2} 1737 (10)| - !""' i

438 (30) | 42(28) | 66.7(26)99.4 (25)[134.8 (23)[208.2 (21)[290.3 (19)|377.7 (17)[477.3 (15)[611.1 (13) 891.1(11)*71 Ll ;}] W
NCEP [20.3(30)| 34(28) {70.2.(26) |113.3 (24)[165.3 (22)]234.5 20){ 313 (18) 399.6 (16)[530.2 (14)]688.5 (12) 853.1 9) Jr- A:;tr*onomy
ECMWE | 34(15) [37.5(14)]56.2(13)] 82.6 (12) [127.2 (11)[178.1 (10)] 226.2(9) | 232.9 8) | 262.7 (7) | 323.9 (6) | 411.5 (5)




EPS run(t319L60) , 0OZ

| MASOPS (t511L60 main run; I
v

GEPShi2lo

gm2gm (t511 -> t319)
read_hires (reformat)
trnf_hi2lo (t319 -> t42)

v

GEPSsvd

svd( create perturbations,
AREA:

NH(10-80° N)
SH(10-80° S)
TP(depend on typhoon)

v

GEPSIlo2hi_addpertb
trnf_lo2hi_adddpertb
(create analysis for 20 EPS
members)

v

Gstgfs
45-day forecast for 20 EPS
members

v

| MASOPS_eps${cmem} |

180

160

140 1

1201

100 1

80 -

60 -

40-

201

CWBGFS-EPS(45day forecast)

Spread&RMSE

CWB GFS—EPS 45 day Forecast
Mean{1May—31May2016) 500hPa Height—SPREAD&RMSE
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Cases of SV breeding areas

Case-E2f2.0 : N10°~80° & S10°~80° . Case-E5f2. O N30°~90° & S30°~90°

90°

N R R R I O B e e e e e e e e

s HIII IIII II +
!Illl =g

90°S
s8 =f =

m m

006
oSV
097
006
oSET
3
o08T

Case-E6f2.0 : N10°~80° & S30° ~ N30° &
Case-E7f2.0 : S30° ~ N30° S100-80°
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Global Ensemble Prediction System (GEPS) for 45days

Case: DTG=16/02/02 00Z, 500 MB Height

RMSE Spread

160 100
Ini-2016FEB02.00Z.500H-Ens. Mean_Nor. H. Ini-2016FEB02.00Z.500H-Ens. Spread_Nor. H.
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Future development of CWBGFS

1. Data assimilation
O Use more satellite data (MHS - [@] H2%)
® E+H 2o B AN IR HE 2 P (SVHSPPT)
® s z\ fe 1t % mp’% e ik v (4-D ensemble-Var ~ multi scale analysis)

2. Forecast model
a) Improve Physical parameterization

Heede 12 2 fc it (WSMD)
topographic gravity wave drag (Kim and Arakawa,1995)
MIOHi#t 2 & &7
SIT (Snow/lce/Thermocline):: ¥ % p|:&
b) Improve CWB GFS EPS for Typhoon track (GET)
C) Improve Global Ensemble Prediction System (GEPS) for 45days
d) Couple ocean model (MOM3 - MOMS5) with CWBGFS
e) Implement 2-D MPI and linear reduce grid of CWBGFS code
f) Develop Semi-Lagragian model TL1279L80(~15km)

Unify model (25km/5km) &
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speedup

20

=
o

gsw T512L60 120 hours fcst on fx100

18.79 |

14.33

12.65

96 128 192 256 384 512

Shallow water model

gfsT512L60(D59) 120 hours on fx100

19.92
16.2
14.15
112 =4—1D MPI
9.12
7.04 ——2D MPI
3.66 8.35 8.53 8.69
p . Us 6.99
;;"4._,ﬂ.rp?i71
1 2 3.29
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CWBGFS dynamic core
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