
An Introduction on the extreme weather in TaiwanAn Introduction on the extreme weather in Taiwan
and the forecast at the Central Weather Bureauand the forecast at the Central Weather Bureau

TienTien--Chiang YehChiang Yeh
Central Weather BureauCentral Weather Bureau

May 12, 2010May 12, 2010

ITW on Natural Disaster Reduction 2010, NCDRITW on Natural Disaster Reduction 2010, NCDR
Taipei, Taiwan, ROC.Taipei, Taiwan, ROC.

FOR IT
W

 O
NLY



TaiwanTaiwan

36,000 km36,000 km22

ChinaChina

PhilippinesPhilippines

JapanJapan
KoranKoran

VietnamVietnam

ThailandThailand
MalaysiaMalaysia

IndonesiaIndonesia

Jade Mt
3952 m

FOR IT
W

 O
NLY



Jade Mt.Jade Mt.

FOR IT
W

 O
NLY



32% of the area with elevation32% of the area with elevation
higher than 1,000 mhigher than 1,000 m

Locate atLocate at thethe convergent boundaryconvergent boundary ofof
thethe Eurasian plateEurasian plate and theand the Philippine SeaPhilippine Sea
plateplate.. There are about 1,000 felt quakesThere are about 1,000 felt quakes
yearly.yearly.
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Percentage Distribution Among Natural Disaster LossesPercentage Distribution Among Natural Disaster Losses
Total direct losses due to theTotal direct losses due to the

Weather and earthquake relatedWeather and earthquake related disasters from 1985 to 2005disasters from 1985 to 2005
is about NT$ 332 B.is about NT$ 332 B. (US$ 0.5 B per year)(US$ 0.5 B per year)
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http://daveslandslideblog.blogspot.com/

Typhoon Morakot (2009)

災前農林航測所影像 災後福衛二號衛星影像(2009年)after before

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)Tropical cyclones (typhoons)
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NWP Tropical cyclone tracks 2004NWP Tropical cyclone tracks 2004

TotalTotal 3030
WarningWarning 99

ConsonConson、、MindulleMindulle、、KompasuKompasu、、RananimRananim、、AereAere、、HaimaHaima、、MeariMeari、、NockNock--tenten、、NanmadolNanmadol
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Total 24Total 24
warningwarning 66

PabukPabuk、、WutipWutip、、SepatSepat、、WiphaWipha、、KrosaKrosa、、MitagMitag

20052005--2008 TC tracks2008 TC tracks
(CWB issued warnings)(CWB issued warnings)

Total 23Total 23
warningwarning 77

HaitangHaitang、、MatsaMatsa、、SanvuSanvu、、TalimTalim、、KhanunKhanun、、DamreyDamrey、、LongwangLongwang

Total 23Total 23
Warning 7Warning 7

ChanchuChanchu、、EwiniarEwiniar、、BilisBilis、、KaemiKaemi、、SaomaiSaomai、、BophaBopha、、ShanshanShanshan

Total 22Total 22
warningwarning 66

KalmaegiKalmaegi、、FungFung--WongWong、、NuriNuri、、SinlakuSinlaku、、HagupitHagupit、、JangmiJangmi
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每月侵台颱風氣候平均數 (1971~2000年)
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Typhoon Near TaiwanTyphoon Near Taiwan

TY Herb (1996)

FOR IT
W

 O
NLY



Terrain redistributes tropical cyclone rainfallTerrain redistributes tropical cyclone rainfall

Max:1,987 mmMax:1,987 mm

Reduced rainfall on leeside
<100 mm

TY Herb, fromTY Herb, from ShiehShieh et al. (1996)et al. (1996)

Max:1,082 mmMax:1,082 mm

Enhanced rainfall onEnhanced rainfall on
upwind side of the mountain slopeupwind side of the mountain slope
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Torrential rains associating with tropical cyclonesTorrential rains associating with tropical cyclones

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

---- experienced a very heavyexperienced a very heavy
rainfall event per 2rainfall event per 2--year.year.FOR IT
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Damages caused by torrential rains of typhoonDamages caused by torrential rains of typhoon
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Damages caused by torrential rains of typhoonDamages caused by torrential rains of typhoon
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Damages caused by strong winds of TYDamages caused by strong winds of TY LongwangLongwang (2005)(2005)
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Major track types of tropical cyclones invaded TaiwanMajor track types of tropical cyclones invaded Taiwan
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Warning issued - ocean

Warning issued- land

Warning
relieved

Typhoon Morakot (2009)
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Typhoon Morakot
650 km E of Taiwan
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2009/10/07 08:00 22009/10/07 08:00 2009/10/08 08:00009/10/08 08:00

JouJou et al.et al.

GoniGoni MorakotMorakot EtauEtau

500500 hPahPa analyses (analyses (geopotentialgeopotential height/winds/height/winds/vorticityvorticity))
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Reflectivity 2009/08/07 00UTCReflectivity 2009/08/07 00UTC----2009/08/08 12UTC2009/08/08 12UTC
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Reflectivity 2009/08/08 18UTCReflectivity 2009/08/08 18UTC----2009/08/09 12UTC2009/08/09 12UTC
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Hourly and accumulated rainfall at Central Taiwan (Hourly and accumulated rainfall at Central Taiwan (AlisamAlisam))
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rank station Date(Y/M/D)
Daily

rainfall
typhoons

1 尾寮山 2009/08/08 1402.0 Morakot

2 溪南 2009/08/08 1301.5 Morakot

3 御油山 2009/08/08 1283.0 Morakot

4 布洛灣 1997/08/29 1222.5 Amber

5 馬頭山 2009/08/08 1213.5 Morakot

6 新發 2009/08/08 1190.0 Morakot

7 奮起湖 2009/08/08 1185.5 Morakot

8 石磐龍 2009/08/08 1182.0 Morakot

9 瑪家 2009/08/08 1181.0 Morakot

10 小關山 2009/08/08 1178.0 Morakot

TopTop--10s of daily rainfall in Taiwan10s of daily rainfall in Taiwan
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LST=UTC+8
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Tropical Cyclone WarningsTropical Cyclone Warnings

Provided every 3Provided every 3--hourhour
Update center location every hour duringUpdate center location every hour during

inland warningsinland warnings
Includes current location, intensity, rainfall,Includes current location, intensity, rainfall,

2424--hour forecasted center location,hour forecasted center location,
trend of intensity change, probabilitytrend of intensity change, probability
track forecast, warning area,track forecast, warning area,
and remarks.and remarks.
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An example of the 5 days track forecastAn example of the 5 days track forecast
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An example of the probability forecastAn example of the probability forecast

5 days center location5 days center location 72 hours strike probability72 hours strike probability
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Rainfall forecastsRainfall forecasts

Rainfall forecasts are provided every 3 hours.
The rainfall forecasts include the total

accumulation rainfall for the whole period
of typhoon invasion and the next 24-h
accumulation rainfall for each county.
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http://http://www.cwb.gov.tw/eng/index.htmwww.cwb.gov.tw/eng/index.htm
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Channels of ServicesChannels of ServicesChannels of Services

Cell Phone Short MessageCell Phone Short Message
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PressPress
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FOR IT
W

 O
NLY



Framework of the Service System For Disaster MitigationFramework of the Service System For Disaster Mitigation
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QPESUMS (Quantitative Precipitation Estimation)QPESUMS (Quantitative Precipitation Estimation)
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Reflectivity and typhoon trackReflectivity and typhoon track
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Reflectivity and lightingsReflectivity and lightings
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Convective Analysis andConvective Analysis and NowcastingNowcasting
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Display rainfall on GISDisplay rainfall on GIS
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Display rainfall near the major bridgesDisplay rainfall near the major bridges
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List of station rainfallList of station rainfall
(sorting by selected time range)(sorting by selected time range)
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To improve users’understanding -- Outreach Programs
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Observation stationsObservation stations

136 auto136 auto--met stationsmet stations
249 auto249 auto--rain gaugerain gauge

Surface station (42)Surface station (42)
CWB 32CWB 32
others10others10

Radar (4)Radar (4)
CAA/AF Radar (4)CAA/AF Radar (4)

 Marine Met observationMarine Met observation
23 Tidal23 Tidal
6 buoys6 buoys
1 wave rider1 wave rider

To add another offshore buoyTo add another offshore buoy
later this year at SW of Taiwanlater this year at SW of Taiwan
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The CWB Weather Forecast System FrameworkThe CWB Weather Forecast System Framework

Users

Weather Information Dissemination System

Weather Data Integration and
Forecast Decision Supporting System

Data Acquisition and Data Processing System

Statistical Prediction System

Domestic Data Sources

Forecasters

International Data Sources

Dynamic Prediction (NWP) System
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3

---- High performance computation system:High performance computation system:
IBM P5IBM P5--575 Cluster 1600 (2496 CPUs)575 Cluster 1600 (2496 CPUs)

---- Global Spectral Model CWBGFS T239L30(55km)Global Spectral Model CWBGFS T239L30(55km)
---- Regional Model NFS 45/15/3 kmRegional Model NFS 45/15/3 km
---- Regional Model WRF 45/15/3 kmRegional Model WRF 45/15/3 km

CWB numerical weather prediction systemCWB numerical weather prediction system
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TAFIS (Typhoon Analysis and Forecast Information System)TAFIS (Typhoon Analysis and Forecast Information System)
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TAFISTAFIS
(Typhoon Analysis and Forecast Information System)(Typhoon Analysis and Forecast Information System)
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NWPs (Internet Grid)
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Products
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Errors
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.

Application

Observations + NWP Models + Real time verification

Better TC track forecast
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中央氣象局24小時颱風路徑預報逐年平均誤差
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Typhoon Track Forecast ErrorTyphoon Track Forecast Error

Typhoon Track 24Typhoon Track 24--hour Forecast Error (km)hour Forecast Error (km)

Forecast data from GTS and verified against the CWB track
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Typhoon rainfall forecastTyphoon rainfall forecast

Analog and climatology approachAnalog and climatology approach
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Historical data set and computerization systemHistorical data set and computerization system
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Search for analog cases (track/intensity/season/speed)Search for analog cases (track/intensity/season/speed)
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Analog cases (1945~2007) of TYAnalog cases (1945~2007) of TY MorakotMorakot
名次 颱風名稱 距離差距(度) 日期差距(日)

1 1971BESS 0.863225 46
2 1976BILLIE 0.964 2
3 1961PAMELA 1.00859 36
4 1969ELSIE 1.053475 50
5 1980NORRIS 1.17863 20
6 1969BETTY 1.19193 1
7 1972WINNIE 1.257044 -6
8 1960TRIX 1.268515 1
9 1975NINA 1.316889 -4

10 1967NORA 1.396228 22
11 1963WENDY 1.39637 -23
12 2005LONGWANG 1.448746 55
13 2006SAOMAI 1.449495 3
14 1966NINA 1.501336 -19
15 1985NELSON 1.55401 14
16 1962OPAL 1.603029 -2
17 1967CLARA 1.64555 -28
18 1991ELLIE 1.654599 10
19 1960SHIRLEY 1.713983 -7
20 1963GLORIA 1.738544 33
21 2006BILIS 1.741698 -25
22 1984FREDA 1.744456 0
23 1959BILLIE 1.782414 -23
24 1990ABE 1.798237 23
25 1958GRACE 1.803255 27

名次 颱風名稱 距離差距(度) 日期差距(日)
26 1947FAITH 1.82571 -9
27 1949NELLY 1.850519 38
28 1989TD12W 1.877136 -9
29 1956FREDA 1.917298 39
30 1972BETTY 1.920266 8
31 1992OMAR 1.991008 27
32 1959JOAN 1.992481 22
33 1966ALICE 1.994789 26
34 2005TALIM 2.027034 24
35 1947INEZ 2.034721 22
36 1975BETTY 2.049771 46
37 2003VAMCO 2.053851 14
38 1966CORA 2.063647 28
39 2004NOCK-TEN 2.068299 79
40 1953NINA 2.097742 9
41 1989VERA 2.100713 39
42 1971AGNES 2.110975 42
43 2004AERE 2.11345 16
44 1948PEARL 2.134183 -32
45 1978DELLA 2.149298 6
46 1945HELEN 2.15712 26
47 1985JEFF 2.157929 -9
48 1959LOUISE 2.186522 28
49 1992POLLY 2.194487 21
50 2005KHANUN 2.213225 35
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ClimatologyClimatology
ApproachApproach
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Comparison of the rainfallsComparison of the rainfalls
from the observation andfrom the observation and

the estimation from climatology approachthe estimation from climatology approach

Hourly rainfall distributionHourly rainfall distribution
00LST (left) and 18LST (right), 8 August, 2009.00LST (left) and 18LST (right), 8 August, 2009.
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2009080700UTC

2009080712UTC

Rainfall estimation based on climatology rainfall forecast
and CWB 120-h track forecast
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---- High performance computation system:High performance computation system:
IBM P5IBM P5--575 Cluster 1600575 Cluster 1600 (2496 CPUs)(2496 CPUs)

---- Global Spectral ModelGlobal Spectral Model CWBGFSCWBGFS T239L30(55km)T239L30(55km)
---- Regional ModelRegional Model NFSNFS 45/15/3 km45/15/3 km
---- Regional ModelRegional Model WRFWRF 45/15/3 km45/15/3 km

NWP model rainfall forecastNWP model rainfall forecast

CWBNFS(15km)CWBNFS(15km) MorakotMorakot 1212--h rainfallh rainfall
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Typhoon rainfall forecastTyphoon rainfall forecast

Analog and climatology approachAnalog and climatology approach

Numerical model forecastNumerical model forecast

Satellite estimationSatellite estimation

Adjust the forecast subjectively by the forecastersAdjust the forecast subjectively by the forecasters
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CWB Rainfall forecast for TYCWB Rainfall forecast for TY MorakotMorakot (2009)(2009)

~500mm

~200mm

Forecast at 6 Aug, 1600LSTForecast at 6 Aug, 1600LST

smaller rainfall
~600mm

rainfallrainfall
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accumulated rainfall

CWB forecasted rainfall ranges
3000 mm

2500 mm

Rainfall and rainfall forecast atRainfall and rainfall forecast at SaulingSauling
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Lead time of the rainfall forecastLead time of the rainfall forecast
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Another caseAnother case ––Tropical stormTropical storm PramaPrama
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hourly

Very intensive
small scale heavy rainfall event
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Improvement is needed on track forecast

Challenge on typhoon forecastChallenge on typhoon forecast
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Melor

Parma

Trough
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ChallengeChallenge
–– Poor data coveragePoor data coverage
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Different forecasts for NWP TC Maria (2006)Different forecasts for NWP TC Maria (2006)

ChallengeChallenge
–– Not fully understand the mechanism of the typhoonNot fully understand the mechanism of the typhoon

motion and structure changemotion and structure change

Different forecasts for NWA TC Gordon (2000)Different forecasts for NWA TC Gordon (2000)
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Different official 96-h forecasts
for TC Prama (09100112UTC)
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Typhoon Mindulle (2004)

ChallengeChallenge
–– Not fully understand the mechanism of the typhoonNot fully understand the mechanism of the typhoon

motion and structure changemotion and structure change
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07/01/00Z

07/02/00Z

07/03/00Z
07/03/18Z

06/30/16Z

Structure ofStructure of MindulleMindulle Observed from CWB RadarsObserved from CWB Radars

FOR IT
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07/01
/07Z

07/01
/05Z

07/01
/03Z

07/01
/01Z

06/30
/23Z

06/30
/21Z6/30

7/1

Structure ofStructure of MindulleMindulle Observed from CWB RadarsObserved from CWB Radars

FOR IT
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4 July4 July

1 July1 July 2 July2 July

3 July3 July

30 June30 June

5 July5 July

6/30

7/3

Rainfall on 30 June to 5 JulyRainfall on 30 June to 5 July
(under the influence of Typhoon(under the influence of Typhoon MindulleMindulle))
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ChallengeChallenge
–– Topography effect on tropical cyclonesTopography effect on tropical cyclones ––Track changeTrack change

TyphoonTyphoon HaitangHaitang 20052005
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17 07:00Z17 07:00Z

17 19:30Z17 19:30Z
16 19:30Z16 19:30Z

16 08:30Z16 08:30Z

ChallengeChallenge
–– Topography effect on tropical cyclonesTopography effect on tropical cyclones -- Structure changeStructure change
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ChallengeChallenge
–– Small track forecasting error maybe result inSmall track forecasting error maybe result in

completely different scenarioscompletely different scenarios

200km

Could passes by either sides of CMR Time can be a couple of
hours of difference even
direction is correct

Wind could be strong orWind could be strong or
weak depends on whether itweak depends on whether it
is at the Leeside or upwindis at the Leeside or upwind
side of the mountainside of the mountain
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ChallengeChallenge
–– Small track different results in completely differentSmall track different results in completely different

scenariosscenarios

SongmeiSongmei caused many casualties in China.caused many casualties in China.
Could cause serious damage in Northern Taiwan with the trackCould cause serious damage in Northern Taiwan with the track
shift southward only a few 10s km.shift southward only a few 10s km.
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ChallengeChallenge
–– Environment and cyclone structure different results inEnvironment and cyclone structure different results in

completely different scenarioscompletely different scenarios
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Radar could not detect the lower layer of atmosphereRadar could not detect the lower layer of atmosphere

ChallengeChallenge
–– With the best observation system is still not enoughWith the best observation system is still not enough
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Radar estimated rainfall may different from sit observationsRadar estimated rainfall may different from sit observations

ChallengeChallenge
–– With the best observation system is still not enoughWith the best observation system is still not enough
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ChallengeChallenge
–– Steep slop, small reservoirs, small watersheds with high waterSteep slop, small reservoirs, small watersheds with high water
demand result in great challenge of water management in Taiwandemand result in great challenge of water management in Taiwan

303 km2

10 km2

400 M m3
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Future WorkFuture Work
---- Improve short range forecastImprove short range forecast
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Future WorkFuture Work
---- More studies such asMore studies such as tyhoontyhoon dropsonde observation experimentdropsonde observation experiment
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Future WorkFuture Work
---- More studies such as development of finer scale forecastMore studies such as development of finer scale forecast

-- forecasts for 22 counties/citiesforecasts for 22 counties/cities  for 368 townshipsfor 368 townships
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More complete coverage of the radar observation
Dual-Doppler wind analyses: RCWF–RCHL, RCWF–RCCK, RCCG–
RCCK, RCCG–RCKT, RCKT–RCHL, and RCCK–RCMK 6-pairs

Improve real time monitoring and short time forecastImprove real time monitoring and short time forecast

DualDual--Doppler windsDoppler winds
2009 0807 14:21 LST RCCG2009 0807 14:21 LST RCCG--RCKT and 0723:09 LST RCWFRCKT and 0723:09 LST RCWF--RCCKRCCK

P.P.--L. ChangL. Chang
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Compose of the DualCompose of the Dual--Doppler winds at 200908Doppler winds at 20090808 18:20 LST08 18:20 LST
P.P.--L. ChangL. Chang
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Improve NWP model forecastImprove NWP model forecast
Reduce model track forecasting
error by developing a better
typhoon vortex bogussing
method on WRF model

Hsiao et al.
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Track Forecasts Error forTrack Forecasts Error for SinlakuSinlaku && JangmiJangmi (58 cases)(58 cases)

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

•• Include the nonInclude the non--linearitieslinearities in the observation operators viain the observation operators via outerloopouterloop
•• Introduces nonIntroduces non--linear effects in the form of a firstlinear effects in the form of a first--order Taylor seriesorder Taylor series

expansion multiple times, the analysis is more and more accurateexpansion multiple times, the analysis is more and more accurate
•• The assimilation system is able to utilize more observationsThe assimilation system is able to utilize more observations
•• Produce the best possible estimate of the model initial stateProduce the best possible estimate of the model initial state

Hsiao et al.
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Experiment result from 2008, 2009
11 TCs (247 cases) CWB issued warnings

Reduce model track forecasting error by better combination of
physics package, analysis scheme, and initial data processing
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Forecast track of D2 (15km) on
2009/08/06/06 UTC

D2 (15km)

D3 (5km)

Morakot
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Forecast track of D2 (15km) on
2009/08/06/06 UTC

D2 (15km)

D3 (5km)

Morakot
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Forecast track of D2 (15km) on
2009/08/06/06 UTC

D2 (15km)

D3 (5km)

Morakot
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Usage of remote sensing dataUsage of remote sensing data

Data at 80 of 154 GPS stations are transmitted real time to CWBData at 80 of 154 GPS stations are transmitted real time to CWB thatthat
allow to develop algorithm retrieving perceptible water vapor coallow to develop algorithm retrieving perceptible water vapor content.ntent.
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Improve data assimilation byImprove data assimilation by
executing 4 dimensionalexecuting 4 dimensional
data assimilation studiesdata assimilation studies

Successfully performed some test runsSuccessfully performed some test runs
on ensembleon ensemble KalmanKalman filterfilter
and WRF 4Dvar, will apply to operationand WRF 4Dvar, will apply to operation

after more tests.after more tests.

TyphoonTyphoon SinlakuSinlaku (2008)(2008)
12 UTC on 12 September12 UTC on 12 September

New vortexNew vortex bogussingbogussing + relocation+ relocation

Hsiao et al.
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Improve CWBGFS forecasts
by improving the cumulus
parameterization and
planetary boundary layer
treatment in CWBGFS

Anomaly correlations on
Sea level pressure
and
500hPa geopotential height

Improve ACH of SLP FCST by ~.05 on day-4

CWBGFS provides lateral boundary
values for regional model forecast

Operation

New version

C.-T. Fong

FOR IT
W

 O
NLY



Thank you for your attentionThank you for your attention
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