National

Center

for
High-performance
Computing

2012/11/27

Development of a Flood Ensemble

Forecast System in Taiwan

Ho-Cheng Lien, Shiang-den Wu, Chih-Tsung Hsu
NCHC
Jhih-Cyuan Shen, Che-Hao Chang
NTUT

FMGE A ER NN KR

BmESRARBEET SN

NATEOMAL CENTER FOR HIGH-PERFORMAMCE COMPUTING




NLHIS

‘7; Outline
" Introduce

= Water level forecasting(1D)
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QLL/ " Collaborations between WRA and Deltares

" Initial contact from 1983

0 Taiwan became the test base of FEWS
(Flood Early Warning System)

" Team member and agenda

 ITRI
« NCHC

0 WRA 2001 P e NTUT
* Water Resource Agency

0 WRA,NCTU 2002~2006 = ,

0 WRA,NCHC 2006~2008 N‘

- NSC
o WRANTUT 2009~

" Representatives

o Dr. M.J. Horng (WRPC B WRBE) WRA)
0 Ir. Simon Groot( Delft Hydraulics » Deltares )
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Process of water level forecasting based
on FEWS_Taiwan

2. Quantitative precipitation forecast 1. Forecast of typhoon track
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System Architecture
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Data Processing Flowchart

geographical information meteorological data \
geographical rological > data
processing o e acquisition
time series
database
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| " Quantitative Precipitation
Estimation and Segregation Using
Multiple Sensors (QPESUMS) is
developed by Central Weather
Bureau (CWB) in Taiwan.

= QPF is the rainfall forecast from
extending QPESUMS in the lead
time of 3 hours.

-~ | " FEWS_Taiwanupdates the
database of QPF from CWB every
ten minutes.

http://qpesums.cwb.gov.tw/taiwan-html2/index.htmi
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Runoff Forecast

] ] Liling Bridge in Gaoping river
Gaoping River Catchment Typhoon JANGMI

Taipei "
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Water level Forecast

Typhoon Morakot (2009/08/07~-2009/08/10 )
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e /-Error Propagation of water level forecast

The accuracy of water level forecasts would be affected by the uncertainties
in the precipitation forecast, hydrological and hydraulic modules.

(Accuracy—30 90)
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Enhancing accuracy and reliability

by means of real-time correction
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~ Concept of real-time correction

Hater level

T0+3

T .
Observed water 0 Max. difference smaller than 0.6m

Simlated rrecting water level

water level

Present - Time
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Introduction to real-time correction
method for water level forecast

s Purpose

> Reduce the error of water stages forecasted by FEWS_Taiwan attributed to
the uncertainties in the preciIPlitatinn forecast, hydrological and hydraulic
modules as well as geographical data of the river.

== Observed =—{J=— Foreca sted = 1= Corrected
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Reference:

Wu. 5.4, Lien, H.C_, Chang. C.H., andShen, J.C_, 2011. Real-Time Cormecton of Water
Stage Forecast dunng Rainstorm Evenis Using Combination of Forecast Ermors.
Stechastc £Emaonmernt Research and Risk Assessmerst, , Vol. 26, No. 4, pp. 919-331
(SCI(IF=1.78)
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Model Validation

Model validation is made by comparing observed forecasted and corrected
water level at San-Ti-Men gauge in Gaoping River during Typhoon Morakot

: ' Use time series models and
Use time series model (TS e -
(TS) Kaloman filtering method (TS&KF)
115 115
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= TS and TS&KF method can effectively reduce the errors of the
forecasted water levels.
= Average errors of the corrected water levels by TS&KF method is
S|gn|f|cant9{ less than those by TS method, in which and the
corresponding reduction ratio is 89%.
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erformance of water level forecast during Typhoon Morakot
for the 2" River Management Office of WRA
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23 rivers in FEWS Taiwan
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Flood inundation forecasting
(1D/2D simulation)
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Test Case Study

Koaping River Catchment and Mei-nong Drainage
System

d Mei-Nong Catchment
—— Mei-Nong drainage system

— KaoPing River

> 1500.00
> 2000.00
> 2500.00
8 > 3000.00

swssmemwEEE e 00
EnEiEREESTEDID Development of a Hood Ensemble Forecast System in Taiwan




. is )
... CWB_QPF * o NTU WRF
1.3km * 1.3km  45km x 15km |

1D Flow Model

v

simult ously

I 2D Overland
Model

_ _ Early
Rainfall-Runoff | Hydrodynamic Models .Warning

e Rainfall
= Runoff

Precipitation

Runoff (cms)
Rainfall (mm)

Time (houll')

LI e R

&
EnEiEREESTEDID Development of a Hood Ensemble Forecast System in Taiwan =~ 4m




Main channel of Kaoping River
171 km

iz

Mei-Nong drainage system
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Flood inundation in Mei-fu drainage

Duration of Typhoon SAOLA : 121 hrs
29/07/2012 14:00 ~ 03/08/2012 14:00 Sobek simulation
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Duration of Typhooh MORAKOT : 97 hrs
Computing Time : 2 hrs

HEEABSERARE : ;
BmSiEREM RPN Development of a lood Ensemble Forecast System in Taiwan =~ m ;




riations of water level in sewerage

2/

fi

R &

:\SOBEK211\PK-2D lit\werk\network3..

&l ale| [EO]

ids

M Shuian_2D

00 08-08-0909-08-09 08-08-00 10-05-00

-05-09 08-05
12:00

N 03-09 07-08-0907

1200 0000 12:00  00:00

00:00

00:00

0

Play mode

S

ainfall [mm/

Meteo Station
4
35

dajsaunw

£26°NNYIS
Z66°NHYIS
- - -E66-NN'

¥E6-NNTIS
S66-HNYIS
966-NNYIS

666-NNVIS
000L-HNYIS
LODL-HNYIS
77T Z00L-NNVIS
£001-HNYIS
TO0L-NNYIS
5001-NNYIS
900L-NNYIS
“L00L-NNWIS |
S00L-HNYIS
600L-HNYIS

0L0I-HNYIS
HLOL-NNVIS
ZLOLNNYIS
i CHENNYIS
! FLOL-HNWIS

_SLOL-NNVIS.
[t

ids

{ ELOL-NNYIS |
| ZZ9LNNVIS
1 TI9L-NNVIS
LLL9L-HNYS |

f0191L-NNYIS
i ZL6°NNYIS

J609L-HNYIS
+ EIGHNYIS

B091-NNYIS

14,0 T e

g D:\SOBEK211\PK-2D lit\work\network2

PI6-HNVIS

S86°NNVIS

986-NNVIS
- L36NNWIS
226-NNVIS

BZ0L-NNVIS
686-NNYIS

066-NNYIS

G0LL-NNVIS

¥68-HNVIS
ZLLNNYIS
506NN VIS
SLLL-HNIS
06-HNYIS
PLLFNNYIS
106-HNVIS
SLLL-NNWIS

Current time:

ids

lit\work\network1,

K-2D

SOBEK211\P]

=X

SELL-NNYIS!

enh”—.zz.ﬂ_ww
el —”.ZZSWM
€l —W.ZZSWM
—sh—W.zszm

0£L1-NNYIS
BZL1-HNYIS
BZLLNNWIS |
LZILNNS
9221-HNYIS
STULNHYIS |
PZIL-NNWIS |!
“EZLL-NNVIS b

ZZLINNVIS |

1ZL1-NNIS |

OZLL-NNYVIS |-
1SLE-HNVIS | |
BLLFNNYIS |
95LL-NNVIS
EHIHNYIS
cuo TS
LIL-NNVIS
BLY"NHYIS

1000

i)

]

| 10-Aug-2009 10:00:00

Development of a Food Ensemble Forecast Syst¢

MREAEtE

o

SEE BTN RARRE
iH
I




i
@ ) RIS
]
A IS

[ EEEEE
B BRI FEWS

BRRAMNE
& BARTESEEREL

ased display on FEWS_Taiwan

T
L il
b AR PR
:’K«D.Em?ilﬂl

30-08-2011 0500 Helan 2

ERRR AT
L |
]
|V ik x:
¥ cm L T EETER
A= ) X TR Meec
M ] - BRI
4 R .
& wPHE « Rt
i) WX RWR N
|V R W EhEARBEE
X A8iE CR g LU s
X ¥RERAR) X Buk L WRFRRR
|V aAxil X WREB
|V =ErE WX WRES
AL
Qﬁé‘i‘bﬂi

Flood velocity

ISEIE)

B
R =)

AEERA A
= EARREAREEEEN
*

== [Esmnsin 3008 2011 0500 (GM T35

Inundation area & depth

ABEERHEE
SRR

[rros gt

prosscst

oot s

g
;

3, ke
W

v iR
MLkl
L]

& =P

v G

'V
LT
L
¥ ki
v Eari

'. [T
X Eitk

< ] | W s Pt RARRR] s e 0%
o 6 BRI

fresten [BA 1006 2011 0500 Ty

frzmsascur prosascar o aue fensos , 2525209 |

Development of a lood Ensemble Forecast System in Taiwan =~ 4m




National

Center

for
High-performance
Computing

NCHC

Ensemble Water level
Forecasting

EABXEEEARR

B = R AREREAE T ES I

NATEOMAL CENTER FOR HIGH-PERFORMAMCE COMPUTING




Why do we need ensemble
~ prediction?

" A “scenario-based” approach
" Flexibilityto incorporate

" Provides future water level
probabilities.
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" Sponsor : NSC, WRA

® Conditions

0 Different precipitation models

0 Different runoff models

0 Different divisions of watershed
" System

0 Flood Ensemble Prediction System(FEPS)
" Working group

o NSC, NCHC, NTUT

Ensemble water level Forecasting
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Different divisions of watershed
29 Basins 7 Basins
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Integration of Multi-Data and Models

QPF
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" Ensemble Simulation for Water level
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—  QPF+ SOBEKRR + 29 Basins + 10 Channel Routing
= (JPF+ SOBEK.RR + 07 Basinz + 1D Channel Routing
—  QPF+ MWS RR  + 29 Basins + 1D Channel Routing
QJFF+ MWWS RR + 07 Basins + 10 Channel Routing
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Concept of ensemble water level forecasting

Hater levle

Curve of occurrence
T=8kinr probability distribution

Model A

Model B

Model C

Present time time
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/ Conlusions

" FEWS Taiwan has been developed, and it can
provide the water level forecasting at 3-hours lead
time every hours.

" By analyzing the difference between observed and
simulated data at the previous time steps, the
proposed real-time correction method is able to
enhance the quality of forecast.

" Within FEWS Taiwan, we have a good opportunity
for performing real-time flood inundation simulation.
Itis a big challenge.

" Ensemble prediction can provide water level
probability.
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