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32% of the area with elevation
higher than 1,000 m

Locate at the convergent boundary of
the Eurasian plate and the Philippine Sea
plate. There are about 1,000 felt quakes

yearly.



Climate in Taiwan

Northeasterly Monsoon
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Percentage Distribution Among Natural Disaster Losses

Total direct losses due to the
Weather and earthquake related disasters from 1985 to 2005
is about NT$ 332 B. (US$ 05.B per year)
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Annual Rainfall

(data period 1971-2000)

(data period 1992-2006)
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Monthly Rainfall (data period 1971-2000)




Rainfall Distribution

Talpel

May-Sep.

60%

A4

Kaohsiung

May-Sep.
87%




-
="




Typhoon Morakot (2009)

after before

http //daveslandslldeblog blogspot com/ . rod
e ST

More than 100 houses affected

Over all in Taiwan: Evacuated more than 25,000 persons, life losses close to 700.
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Tropical cyclones (typhoons)




NWP Tropical cyclone tracks 2004
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2005-2008 TC tracks
(CWB issued warnings)
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Number of tropical cyclones in NW Pacific ocean
from 1971 to 2000
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Typhoon Near Taiwan
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- Rain band
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Terrain redistributes tropical cyclone rainfall




Torrential rains associating with tropical cyclones

L1ao (1960) showed that there
were more than 20 tropical
cyclones that each caused more
than 700 mm rainfall in Taiwan
from 1911 t0-1959.

-- expértenced a very heavy
ramifal event per 2-year.



Damages caused by torrential rains of typhoon




Damages caused by torrential rains of typhoon




Damages caused by strong winds of TY Longwang (2005)




Mayjor track types of tropical cyclones invaded Taiwan




Typhoon Morakot (2009)

At Warning issued- land
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500 hPa analyses (geopotential height/winds/vorticity)
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Hourly and accumulated rainfall at Central Taiwan (Alisam)

670T80600¢

€T0T80600¢

L00T80600¢

T00T80600¢

6716080600¢

€16080600¢

£06080600¢

106080600¢

6718080600¢

€18080600¢

£08080600¢

108080600¢

67.080600¢

€71.080600¢

£0.080600¢

10.080600¢



Top-10s of daily rainfall in Taiwan

rank  station  Date(UW/D) MY typhoons
1 E i L 2009/08/08 1402.°0 Morakot
2 A 2009/08/08 1301. 5 Morakot
3 fErid oL 2009/08/08 )’ 1283. 0 Morakot
4 A 1997/08/29 1222. 5 Amber
) 5 FE L 2009/08/08 1213.5 Morakot
6 g \/2009/08/08 1190. 0 Morakot
7 A ) 2000/08/08 1185. 5 Morakot
8 F AR 2009/08/08 1182.0 Morakot
9 35 e 2009/08/08 1181. 0 Morakot
10 | B L 2009/08/08 1178. 0 Morakot
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Tropical Cyclone Warnings

Provided every 3-hour

Update center location every-hour during
inland warnings

Includes current location, intensity, rainfall,
24-hour forecasted center location,
trend-of intensity change, probability
track forecast, warning area,
and remarks.



An example of the 5 days track forecast




An example of the probability forecast
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Rainfall forecasts

Rainfall forecasts are provided every 3 hours.

The rainfall forecasts include the total
accumulation rainfall for the whole period
of typhoon 1nvaston and the next 24-h
accumulation-rainfall for each county.



http://www.cwb.gov.tw/eng/index.htm
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Channels of Services

Cell Phone Short Message
Press Conference/Interview
Telephone Interview }‘ Press
FAX
WWW
7

Cell Phone Short Mes
FAX
Disaster Mitig. Sys@REO sl
Phone
WWW

Cell Phane Short Messag
FAX

Disaster Mitigation System
Phone

WWW

}

EMO

ewspaper ~ 166/167
OD ~ WWW
email ~ SSB
Consultation Phone




Framework of the Service System For Disaster Mitigation

Linux Broadcast
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QPESUMS (Quantitative Precipitation Estimation)

Radar

Satellite

Rainfall

| Sutae DataProcessing

Sounding
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area

NWP




1ty and typhoon track
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Reflectivity and lightings




Convective Analysis and Nowcasting
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Display rainfall on GIS
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Display rainfall near the major bridges
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To improve users understanding -- Outreach Programs




Observation stations

B Marine Met observation
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The CWB Weather Forecast System Framewor k

Weather Information Dissemination System

Weather Data I ntegration and
Forecast Decision Supporting System

]

Dynamic Prediction (NWP) System

]

Statistical Prediction System

Domestic Data Sources International Data Sources




CWB numerical weather prediction system

-- High performance computation system:
|IBM P5-575 Cluster 1600 (2496 CPUs)
-- Global Spectral Model CWBGFS T 239L 30(55km)
-- Regional Model NFS45/15/3.km
-- Regional Model WRF 45/15/3 km

Domain of CWB WRF

GOE TOE 80FE " 90FE 100E 110E 120E 130E 1a0E 150E 160E 170E




TAFIS (Typhoon Analysis and Forecast Information System)
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TAFIS

(Typhoon Analysis and Forecast Information System)

OBSERVATION
TC warning report
(GTS)

Satellite analvsis
Radar analvsis
Conventional sites

| nformation
L ocation

NWP
NWPs (Internet Grid)

ECMWEF
JMA
NCEP
UKMET

CWB GFSINFS/WRF

> Intensity
Size

Guidance
Track

" Intensity

Consensus

e

Products
Tracks
Probability

Application

\ 4

N

Verification
Errors
Hit/False

Observations + NWP Models + Real time verification

U

Better TC track forecast




Typhoon Track Forecast Error

B 10| L IR
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SR

Typhoon Track 24-hour Forecast Error (km)

2004 | 2005 | 2006 | 2007 | 2008 | Morakot
CWB 120 95 101 99 103 87
JMA 125 104 105 111 | 112 93
JTWC 130 104 104 100 | 103 91

Forecast data from GTS and verified against the CWB track




Typhoon rainfall forecast

Analog and climatology. approach



Historical data set and computerization system
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Sear ch for analog cases (tr ack/intensity/season/speed)
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Analog cases (1945~2007) of TY Morakot

g Hemerm | e mcn) | RG] [ Hemerm | e () | FOEH(E)
1 1971BESS 0.863225 46 26 1947FAITH 1.82571 -9
2 1976BILLIE 0.964 2 27 1949NELLY 1.850519 38
3 1961PAMELA 1.00859 36 28 1989TD12W 1.877136 -9
4 1969EL SIE 1.053475 50 29 1956FREDA 1.917298 39
5 1980NORRIS 1.17863 20 30 1972BETTY 1.920266 8
6 1969BETTY 1.19193 1 31 19920MAR 1.991008 27
7 1972WINNIE 1.257044 -6 32 1959J0AN 1.992481 22
8 1960TRIX 1.268515 1 33 1966ALICE 1.994789 26
9 1975NINA 1.316889 -4 34 2005TALIM 2.027034 24
10 1967NORA 1.396228 22 35 1947INEZ 2.034721 22
11 1963WENDY 1.39637 -23 36 1975BETTY 2.049771 46
12 | 20056LONGWANG 1.448746 55 37 2003VAMCO 2.053851 14
13 2006SAOMAI 1.449495 3 38 1966CORA 2.063647 28
14 1966NINA 1.501336 -19 39 | 2004NOCK-TEN 2.068299 79
15 1985NELSON 1.55401 14 40 1953NINA 2.097742 9
16 19620PAL 1.603029 -2 41 1989VERA 2.100713 39
17 1967CLARA 1.64555 -28 42 1971AGNES 2.110975 42
18 1991ELLIE 1.654599 10 43 2004AERE 2.11345 16
19 1960SHIRLEY 1.713983 -7 44 1948PEARL 2.134183 -32
20 1963GLORIA 1.738544 33 45 1978DELLA 2.149298 6
21 2006BILIS 1.741698 -25 46 1945HELEN 2.15712 26
22 1984FREDA 1.744456 0 47 1985JEFF 2.157929 -9
23 1959BILLIE 1.782414 -23 48 1959 OUISE 2.186522 28
24 1990ABE 1.798237 23 49 1992POLLY 2.194487 21
25 1958GRACE 1.803255 27 50 2005K HANUN 2.213225 35
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Rainfall estimation based on climatology rainfall forecast

and CWB 120-h track forecast
2009080700U TC .
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NWP model rainfall forecast

-- High perfor mance computation system:
IBM P5-575 Cluster 1600 (2496 CPUs)
-- Global Spectral Model CWBGFS T239L 30(55km)
-- Regional Model NFS 45/15/3 km
-- Regional Model WRF 45/15/3 km

SLP(hPa), PRECIP(MM)(036—048) WIND AT 1000/AgSewBaNES (15km)
05 AUG 2009 18UTC 048 fost Volid ot 08 AUG 2009 TBUTC

b
M» ‘g’ <

CWBNFS(15km) Morakot 12-h rainfall



Typhoon rainfall forecast

Analog and climatology approach
Numerical model forecast
Satellite estimation

Adjust the forecast-subjectively by the forecasters



CWB Rainfall forecast for TY Morakot (2009)

200350 200350 200350
200-350 6001000 G00-S00 500800 . §
§00-1000 | 1 /06 OﬂfUD ~ 8/10 05:00

250400 Overestimated 2 5% om 2
200 e We s g ____ 4=
% Max~1600° & -
500 800 P gt | 2011
o g [ (LI
150-300 i it HOlm [
LH H Gl i l B
15!]1;300 gl % 1?6.311['1' 700
100.250 gj_;ﬁféﬁ { B 306,600 . ~200mm QE% i
s - = il 150250 ' ; £
[ T - 500800 % 104
150-300 - _ e A0
500-800 / i b
150-250 p o
500.800 . l I| I',::]l
' 80.150 rr—
MaX ~80 'L i TN 150.300 | ad
% under estimated g
100-200 I " 50-100 1M
100-250 L
100 00800 100,250 &7 = L
50030 % PARERE
(i itk ] 80-150
110 A g FOE A

Forecast at 6 Aug, 1600L ST

rainfall



HH23 A = > =
Sy : . FEmE HEEE
HM - (022 (-(-) s 5
BT (1013 (-1-) N s \ / s
e - 2392 (- r2700) /,-’ .
Tl /2560 (- /2700) / :
&30 - 11605 (--/1600) ) 9 B 20011400
=k 12777 E_,rzaum 3,~' E'ﬁu'umuu;
G- 1010 (122000 | - (200/100)
§ Ny BE B (700/1400)
L]=p- g

S 8971935  (1400/2700)

| (70o0/1400)
/ S 6 FI8IE3055

[BE 87972279 (1400/27100)
& 1052/1385 'E‘IZDIJHGI]I]} y » _
I IS2163 (1400/2000) ) B BERLE LR
]
=10 ﬂl]ﬂHE&Z; (1200/2200) 5P [ZE
8 E 16w
BN 7361325 (BooMem) | [ & - } .
B 6931797 {00/2500) [ -5 | "‘*‘_‘“{—'—# & <
| & 7MPes  @0em) | : o |
=3 1671246 (700(1800) -
Smdsdoog (80000}
2 Hom G H10E
B 515006 (800/1400) HM 0 (400500)
B a3211401 i:.!angu].fmlun),~ SF 0 (35045000)
& a7amez (60001 a0 (250000)
=3 89/1008 (700! e R 0 (2505800}
. 3241148 ¢ ’ P HIE . 80 (1503000
— BHE31/248 (500/1100) =E 0 (300/500)
TH1E [ 261265 tﬁﬁﬂ_ﬁmu‘: Z@ 0 (250800)
B ke (700/4400) & 1217 (2000350) i '
R 111670 (500/4400) =2 30005 (500 200)
“HR 3M6T (200000) £R126/204 (500/1100)

=3 38618 (70M400) |-
&8 65091 (700/1400) ?




3000 mm
2500 mm
L
E
&
100 \)’ —— -
‘% ~ accumulated rainfall
a0 - — — - £
) 4 _-.ﬂl.-.'l
i Rt 4L i

AANEEL P AILOLLILENNELELp I LLLLNS

ELLH DD @'ﬁ% (3 @%@ PEOEL BP9 L H LIS S
Time from 1 AM 6 Aug to 1 AM 10 August, 2009



L ead time of therainfall forecast
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Another case—- Tropical storm Prama
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Challenge on typhoon forecast

s
Improv nt is needéd on track forecast
1 ;
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Challenge
- Poor data coverage




Challenge

- Not fully understand the mechanism of the typhoon
motion and structure change

Different forecasts for NWP TC Maria (2006) Different forecasts for NWA TC Gordon (2000)
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Different official 96-h forecasts
for TC Prama (09100112UTC)



Challenge

Not fully understand the mechanism of the typhoon
motion and structure change
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T ypoon Mindulle (2004)




Structure of Mindulle Observed from CWB Radars
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Structure of Mindulle Observed from CWB Radars




Rainfall on 30 June to 5 July
(under the influence of Typhoon Mindulle)




Challenge
- Topography effect on tropical cyclones - Track change
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Typhoon Haitang 2005




Challenge
Topography effect on tropical cyclones - Structure change
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Challenge

- Small track forecasting error maybe result in
completely different scenarios
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weak depends on whether it
1s at the Leeside or upwind
side of the mountain

Could passes by either sides of CMR Time can be a couple of
E hours of difference even

direction 1s correct



Challenge

- Small track different results in completely different
scenarios

P e

MOSAIC C'F{dI;Z} 0B:0TST 10-ALMG-06

Songmei caused many casualties in China.

Could cause serious damage in Northern Taiwan with the track
shift southward only a few 10s km.



Challenge

Environment and cyclone structure different results in
completely different scenarios
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Challenge
- With the best observation system 1is still not enough

km

ORNLDEIDIDO

Radar could not detect the lower layer of atmosphere



Challenge
- With the best observation system 1is still not enough

20080718-0000 UTC
" . ""I" By

Radar estimated rainfall may different from sit observations



Challenge

- Steep slop, small reservoirs, small watersheds with high water
demand result in great challenge of water management in Taiwan

303 km?
£ 10 km?
400 M m3




Future Work
-- Improve short range forecast




Future Work
-- More studies such as tyhoon dropsonde observation experiment
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Future Work
-- More studies such as development of finer scale forecast

- forecasts for 22 counties/citics =2 for 368 townships




Improve real time monitoring and short time forecast

M or e complete coverage of the radar observation

Dual-Doppler wind analysess. RCWF-RCHL, RCWF-RCCK, RCCG-

RCCK, RCCG-RCKT, RCKT-RCHL, and RCCK-RCMK
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200908081820 LST Mosaic wind
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|mprove NWP model forecast

typhoon vortex bogussing

method on WRF model

CWB Data Coverage - TEMP

02AUG2008 00 UTC

TEM

P Total number ofoba= 113

Bt

[- |5

b

)

e i v .
L B
.

Tl

TR

S

. /j ] # e
S
P

)

o A8,
. Al
ST
o \\'-\ { e Q»’

00 nrle (S]NLAKU Be JANGMI) o . rlo [S]NLAK.U & JANGM]).
Y n

4
ses | o f L .

e}
2o 4. o] 254
a0 o
675 754

€75 450 225 0 225 450 &Y5 900

Reduce model track forecasting
error by developing a better

300

50 F

00

300

forecdst errors (Krr)

10

30F

0

Track forecast errors for SINLAKU & JANGMI

ST

20
200 F

150 f

(P - W

nrlo_new-begils. |

=*=rly newbogus

3

H3

350

286

Ohr(38)  12he(38) 24he(38) 36hr(37) 48hr(33) 60hr(30) 72hr(48)

Hsiao et al.




Reduce model track forecasting error by better understanding the
function of the outer loop of WRF 3Dvar

« Includethe non-linearitiesin the observation operator s via outer|oop

« Introducesnon-linear effectsin theform of afirst-order Taylor series
expansion multiple times, the analysisis more and mor e accurate

« Theassamilation system isableto utilize moreobservations
* Producethebest possible estimate of the model initial state
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Track ForecastsError for Sinlaku & Jangmi (58 cases)

Hsiao et al.



Track errors (km)

Reduce model track forecasting error by better combination of
physics package, analysis scheme, and initial data processing
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08 AUG 2009 15UTC (+57hr forecast)
ACCUMULATED 24hr PRECIPITATION(mm)
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Usage of remote sensing data

= i = i =
. = 2004-2008 Taiwan GPS Velocily Field 20090731_1945 UTC
(Relative to PANG)

8 GPS+MetiA

Data at 80 of 154 GPS stations are transmitted real timeto CWB that
allow to develop algorithm retrieving perceptible water vapor content.
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23"



| mprove data assimilation by Typhoon Sinlaku (2008)
executing 4 dimensional 12 UTC on 12 September
data assmilation studies

Successfully performed sometest runs

on ensemble Kalman filter New vortex bogussing + relocation
and WRF 4Dvar, will apply to operation _

after moretests. Hsiao et al.



Improve CWBGFSforecagts . 0801/02 SLP ACH - NA
by improving thecumulus os{ =
parameterization and .
planetary boundary layer 0.8
treatment in CWBGFS bl
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CWBGEFS provides lateral boundary

New version
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Thank you for.your attention





