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"t = TAI-RAINS: Taiwan Area Internet-based Runoff

And Inundation Nowcasting System

TAI-RAINS : Taiwan Area Internet-based

off And Inundation Nowcasting System

Tim Hau Lee, Associate Professor
Department of Civil Engineering
Hydrotech Research Institute
National Taiwan University

Content

TAI-RAINS

Climatologic Typhoon QPF Module
Geomorphologic Runoff Module
NewC Channel Routing Module
XML-Based I/O files, Adapters & Workflows
System Design

System Demo
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Typhoon Climatology QPF Module

CTQPF bases on the phase-lock relationship between
historical typhoon centers, wind speed and station rainfall
by climatology data.

Utilize the typhoon track and wind speed forecasts by
Central Weather Bureau (CWB), Japan Meteorological
Agency (JMA) and Joint Typhoon Warning Center
(JTWC) as predictors.

Provides 24-120 hr lead-time at 1-hr resolution.

Provides historic typhoon route/wind and rainfall for
references.

Provides error analysis due to model and model+route.

Typhoon-Terrain Interaction

Wind data
0700Z July 31,
1996

N h
o
L L

N
»
2

Rainfall data
<«_ 0600-0900Z

Latitude
N

Contours :
100-meter
1000-meter

Longitude

57



‘i\\\ ) s ) =
allbr. o ooz Ca <, X
SRR < . <
h r,‘ . ‘; "’ . ‘\’ .
-/ wind 1000z . /Wind 13002 /Wind 1600Z
b/ Rainfall data 20 .|/ 7 Rainfall data Rainfall data
; / 0900-1200Z 20 . / 1200-1500Z 1500-1800Z
/ July 31, ‘96 uo "/ July 31, ‘96 July 31, ‘96

v o B N

B
N

/ Wind 19002 /Wind 2200Z /Wind 0100z

{ Rainfall data . .. | Rainfall data - | Rainfall data
1800-2100Z 0 2100-2400Z &0 0/ 2100-2400Z
July 31, ‘96 220 July 31, ‘96 é /" Aug.1, '96

limatologic Typhoon QPF Products

Covers the Island at 0.0125 deg. Lat-Lon resolution, and
divides into watersheds

Supplies data for flood forecasting as well as for decision
support GUI display

TanShui River Basin
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Direct Runoff
sCsWethod Muskingum-Cunge
H or Kinematic wave

‘ Geo-Morphological Runoff Module

Effective Rainfall(%)
abstracy

Abstraction Geo-Morphological Birect Runoff Module

SCS Curve Infiltration Rainfall(%)

Number Tank Model l

Technique

Interflow

| Baseflow

™ Two cascade
Base Flow
buckets

L
Direct Runoff

Direct Runoff Module

Without linear assumption. Real-time computation.

Save the state variables in all the gullies constructed from
DEM to be retrieved as the initial condition for next forecast.

BRROCWA]:
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Direct Runoff Hydrographs

Direct runoff hydrograph from 10mm/1hr-duration
excess rainfall with different Manning’s roughness coef.

Surface runoff through a linear reservoir with k=20min.

120 180 240 300
Time (min)

Runoff for Typhoon Nari Rainfall

Area=19.9km?
Simulation Parameters
= Rainfall CN=55

=== Abstraction
K= 40min

—— Discharge
—— Direct Runo
—— Baseflow

Manning's n=0.04

Upper Tank Orifice
Height= 0.04 m

Upper Tank Orifice 1 Time
Constant=3 day

Discharge (cms)

Rainfall Intensit

Upper Tank Orifice 2 Time
Constant=3 day

2001/09/15 0  2001/09/16 0 2001/09/17 0 2001/09/18 0 2001/09/19 O L()Wer Tank Ol’iﬁce Tlme
Constant=14 day
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NewC Channel Routing Module

Adopts NewC Scheme by Kutija(2002) for flood routing

Use staggered grid, eliminate stage and reduce to tri-
diagonal coefficient matrix of discharge, similar to
Abbott-lonescu technique

Simplify the convective acceleration term to enable
stability for trans-critical flow simulation.
> Continuity Equation

oh

> Momentum Equation

9 o[ 2
t ox | AAOX

NewC Scheme, Pro and Con

ro: Continuous trans-critical simulation enabling future
data assimilation with Adjoin State Method.

Con: Stage is not correct where depth variation is large

- x=20m, - t=10 sec
ubc : g = 1500 cms ; dbc : q(y) = 200*y?*s
i.c:q=1500cms;y=1.5m

Bed Level

NewC

Hec-subcritical

———— Hec-Mixed

Hec-supercritical

5,=0.0016 !
[0} 200 400
Distance(m
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Tanshui River Channel/Catchment Layout
e EiY i

ML-Based /O files, Adapters & Workflows

Define for all hydrologic
models. Time-series and map-stack types.

Use pre- and post adapters to encapsulate
hydrologic models.

- Pre Adapter : transform into
hydrologic model input format (java)

-~ Hydrologic simulation model (any language)

~ Post Adapter : transform hydrologic model output
format into (java)

xml xml

j =
Model A Model B Model C
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] workilow -IErl\rI.\UnI'Am[mImu :

General :
Information

* Delete old XML files
* Make new directory

according to event
date/time

7 standardized steps
to execute hydrologic

yeremlddapter(bmples Tipe

"l ‘weneral Adapter. i

XML
schema
for
workflow

Sl voe vame [N | TOOMCS
General [ L™ | AY *Step 5:
Adapter (L] = *Execute PreAdapter

*Execute Model
*Execute PostAdapter
*Others:

*Prepare execution
environment

*Prepare all model

_Execution | input data
B4 BackupState | o +Backup and output
i ExportActivity :

Data Server

Grid Connective Server
1

User Layer

- Define model I/0

+ Define event project
+ Submit job

- Display result

Middleware Layer

Broker Server

- Accept event project

+ Compose workflow
and Input xml o, A%

- Return results -

Data Server stores and ///' l ml
Provide:

- Parameters and
models

- Real time data

=
C ing Grid ]

Grid Portal

[PC Cluster

Master Server

Computing Facility Layer:

Computing node| | Computing node |¥| Computing  node

Scrver

@ @ O - Interpret workflow script
o stave Server [ Siave Server - Execute simulations
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System Design (2/2)

& |8

User User

&

User

L

L

LAN
O

Broker Server Data Server

o,

Grid Connective Server

Web service

PC Cluster

&

Grid Portal

&)

Master Server

&
&

Compose Input
Data and Workflow
Description Xml
Files, then Zip

Iy
’ Check For New Typhoon ‘ Broker Server 5=

Return Results =

’

IPC Cluster

Master Server

-

A

Slave Server | | Slave Server | | Slave Server

¢ The middleware, Broker
Server and Data Server,
are connected via a
LAN (Local Area
Network) for efficiency.

e The XML-based Web
Service protocols are
used for inter-layer
communication.

Fetch Results Norkflow
pescrmption to
- Executable Commands

 Retur R
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Summary

A prototype internet-based, spatially distributed,
very modulized system for runoff and flood
potential nowcast is realized and operationally
tested.

Some basic hydrologic modules are constructed,
and it is open to others.

Decision-support functions are under development
to provide the needed information for disaster
mitigation.

Can easily be expanded to do ensemble forecasts,
urban inundation potential nowcasting, etc.
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XML TimeSeries file - Shihmen Q

<?xml version="1.0" encoding="UTF-8"?>
<TimeSeries xmIns="http://www.wldelft.nl/fews/PI" version="1.2">
<series>

/ <header> \
<type>instantaneous</type> Header

<locationld>10201</locationld>

<parameterld>Q.for</parameterld>
<timeStep multiplier="1" unit="hour" />
<startDate date="2001-09-16" time="23:00:00" />

<endDate date="2001-09-17" time="05:00:00" />
<missVal>-999.0</missVal>

<units>m3/s</units>
\</header> /
f <event date="2001-09-16" time="23:00:00" value="2483.30" \
<event date="2001-09-17" time="00:00:00" value="2536.59" Time Series
<event date="2001-09-17" time="01:00:00" value="2551.14" Data
<event date="2001-09-17" time="02:00:00" value="2518.05"
<event date="2001-09-17" time="03:00:00" value="2437.03"
<event date="2001-09-17" time="04:00:00" value="2498.04"
\ <event date="2001-09-17" time="05:00:00" value="2514.13"
<[series>
</TimeSeries>

=

EXRE &ED #il) @40 BHR0 HEM
DEeE &k # By
nools 161 i

1 281
2D data are stored in E| ey
Only file name is provic [
MNODATA value -1
00 00 00 00 00 00 00 00 00 00 00 00 0f
00 00 00 00 00 00 00 00 00 00 00 00 Of

XML MapStack

<?xml version="1.0" encoding="UTF-8"?>
<MapStacks version="1.2 “ xmlns="http://
<mapStack>
<locationld>taiwan</locationld>
<parameterld>P.obs</parameterld>
<timeStep multiplier="1" unit="hour"/>
<startDate date="2006-11-14" time= "1 =
<endDate date=" 2006-11-14 " time=" 13015 * &k Fl
<file>
<ascii file="grid_rain_0000.001"/>
<[file>
<event date=" 2006-11-14 " time="00:00/>
</mapStack>
</MapStacks>
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Workflow XML for Tanshui River

<generalInfomation>
<userIDrntu</userID> < 1 >
<bazinMamne>{#7KiAl</ baginNane> general I nforma’tlon
<eventMame >§RFIHE E.</ eventNane>
<projectID>200705161002_T0116 ntu_1140</projectID> <element>
<rootDir>3REGION_HOMES/ntu/200705161002_T0116 _ntu_1140</rootDir>
<eventDateTime date="Z001-09-15" time="12:00:00" />
<forcastHour»6</forcastHour>
<webServiceIP>http://140.112.190.243/GridBrokers/ReceiveOut putis. asmx</webServiceI P>
</genaralInfomation>

Workflow XML for Tanshui River

<generaladapter modelID="GRUNOFF" proceszs="update" serialNumbsr
LEDII>3ROOT _DIR%:/ GRUNOEE rkDir

(cstartuphctivity>
<delete>*.xml</delate>
<makeDir>tanshui_statefiles/1512</maksDir>
WﬁwActlvlt > J
THPOrCACL LIty »
<copy> \
<from>../default/1l/grid_rain.smml</from>
<torgrid_rain.zml</to>
</ copy>
<copy>
<from>../default/1l/grid_rain_0000.*</from>
<torgrid_rain 0000.*</to>
</ copy>
k/ importhActivity>
((parameterSettlngp
<copy>

<generalAdapter>
<froem>tanshui_parafiles/*.*</from>
<to»* . *</tox <e|ement>

</ copy>

<copy>
<frem>tanshui_elefiles/*. *</from>
<torelefiles/*. *</tox

</ copy>

&/parametersetting) /

AN
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Workflow XML for Tanshui River

>

<statefett
<copy>
<from>tanshui_statefiles/default/#*.*</from>
<torstatefiles/*.*</to>
</ copy>
</statefetting>
<moduleExecution>
<command>java PreAdapter</command>
<command>GRUNOFF . exe </ comnmand>

command>java PostAdapter</command
</:OduleEx:g:utio§> Cheapre g <generalAdapter>
<element>

g

A\

Y

a4
I\

“<ztateBackup>
<copy>
<fromrstatefiles/*.*</from>
<tortanshui_statefiles/1515/*%. *</tox
</ copy>
</stateBackup>
<exportActlvity>
<copy>
<from>runoff.=zml</from>
<tor../default/1l/runcff.zml</to>
</ copy>
\_ </exportActivitv> _J
</generalAdapter>

AN

Y
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19 October 2007
BEBRFEERKFE
ER M HEHK
B BTHEACESDILLBEBURLLETFET,
ETC, BEBFOEHFICEY. 2001108 25529 BETKEE, BE. BREEREOHK
FHRORATLOMHEMETI2EMERICELELTIE. RESHBIHYRICHYHS HENE
Ltze BRIZBETIEBEREMLEOFREBROXER. RUELANIBLEOX R LRMAT
FEATBICEST, BHVBREAGYFELEL, BLAOHMMN, BBIZBETIHBXNELS
ERO—BICGIEFENTYT, RFVVZLELEOE, B4AO0BEETT., HUWIZCBX
BTIN, FELGRICOZFLTEH 2 2BDERXBRTRARSETHELNTVETOT., RBiEs
LTERZTBYBEANEFTATY., SEBERZHBMEABIICERLTIIREMERTSL, &
RICEBOELZDHREREBHTYBLLEITET,
4=
IERBRNMLEER IZ2HEt: BEH &
INFRIV )V (Bk) I3iEt KET  FIR%

Dear Sir,
We have safely returned to Japan. We appreciate kind invitation of your government and
cooperation extended to us on the technical exchange on the establishment of flood
forecasting and warning systems in the Tacha-shi, U-shi and Kaoping-shi from 22 to 29
October 2007. Exchange of knowledge and experience in Taipei and sit visit and exchange
of opinion in No. 10, No3, No4 and No.7 River Bureaus were very fruitful for both of us.
We hope that our visit will help further development of disaster prevention measures in
Taiwan. Attached is our report. Although the report is written in Japanese, most of
contents were discussed on 29 October in University of Taiwan and therefore you may file
this report as a record. Whenever you visit Japan please contact with us. Finally,
we hope further development of your country
Sincerely yours,
Hiroshi MIYAl Dr. Eng.
Toshikatsu OMACHI Dr. Eng.
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25%

ASIA & S-W PACIFIC

AT, AT LATAIN AMERICA

EUROPE (incl. USSR)

25%

42%

Asia-Pacific region occupies 25% of damage cost
Europe occupies 40% by region, because there are a lot of assts to
be affected
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BAREIC & 5TEENMERRH

AFRICA 4o, 79, LATAIN AMERICA

7%
EUROPE (incl. USSR)

ASIA & S-W PACIFIC
AR KT i

85%

85% of human loss occurred in Asia-Pacific
Because population density is high and they are living in low-lying
coastal area where vulnerable to floods and storm surge

BARENRAIC S SHERR

1900 - 1987

29, VOLCANOES 0% TSUNAMI 2
C kL 3

o, LANDSLIDES
1% W B

Almost a half of material losses is done by earthquake, while
another half is due to flood and windstorm which are mostly caused
by tropical cyclones
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1900 - 1987
29% VOLCANOES (%, TSUNAMIS 2 &
LI
1% LANDSLIDES 3 3
17% SRS - . 50%

WINDSTORM
=2 M OE

FLOODS # gk

30%

Proportion of number of human losses is almost the same as that of damage
cost. Earthquake alone demanding a half of human losses

Quick Review of Damage Caused by Meteorological Events
in the ESCAP Region
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Quick Review of Damage Caused by Meteorological Events in
the ESCAP Region
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Quick Review of Damage Caused by Meteorological Events in
the ESCAP Region
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Quick Review of Damage Caused by Meteorological Events in
the ESCAP Region
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Quick Review of Damage Caused by Meteorological Events in
the ESCAP Region
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In Japan, while damage cost due to meteorological events is at constant
level, as the economic capacity increased, its impacts to national economy
decreased considerably
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The reason of this decreasing of trend in Japan is intensive investment to
damage mitigation program including flood forecasting/warning.

Ratio to National Income decreased from 0.5% to 0.01% level after
contentious investment.
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Number of dead and missing was decreased from 1,000 level to less than

100 level during past 50 years.

RANEERXE. BFILR (HERRSBEEY)

(Damage Intensity/rate to GDP %)
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Ratio to GDP was also decreased considerably. Its difference between
Japan and U.S.A was almost eliminated.
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CONCEPT OF F.F.&W.
Flood Warning Shift Stage-Damage Curve Downward

Benefits of Non Structural Measures

Warning shifts
stage-damage
curve downward

Damage 0} 3

“Ad Hoc Method”

Flood Warning Preparedness
Methods for Quantifying Benefits

CONCEPT OF F.F. & W.
Longer Forecast Lead Time improve Damage Reduction

Flood Warning Preparedness (“l)a:,-' Curve”)
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Forecast Lead Time (in hours)
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History of Flood Forecasting

AKTRERNRRER

18765 {ABRt— R (seine) TIBAEKIIFNERE
19205 MBERITKHKRE

192051 BT LEROKG%E(E » TiHkFHERE
19255 HBEEITHEEAMNKRE

194051 BFETKHKRE

19555 B#FEKMHAKE (#KkBEHEAEL)
19705 BRZEASHKIREHR RN ATRERME
19705F# BFEBE—HAHKIRERRATTH

] ] ] L ] [ ] [ ] [ ] L ]

F—iERHKIREHRANHE

o KKERPIRIR

EEIHVMAEEt. Electronic relayz{/kfilst
o BIRITER

ISR (Short wave) , 21 70iEBEH

(microwave)

o {SERANEE, FUEAREE
hRIFERMIPTEF51E#E (Central computer

system)
 FUXOERRE. EHFH=
FBHIICIER I NEXERS
- TRk, EHOMERE
HHEESR (Walky-talky) ,24 70DEBERE, B:E, FAX
- TREE. EHITARK
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Objectives of Flood Forecasting/Warning
AkTREHNBEN

* Flood fighting activities
(2kBAiEENR )

¢ Issuance of evacuation orders

(EHERIRRE)

* Operation of flood control facilities

(FEERIRFRIR)

ESCAP/WMO Typhoon Committee BRZTERS

e 1947 Establishment of ESCAP with Flood Control Bureau

B ESBEBAT R EHEEARIGKERE
+ 1968 Establishment of Typhoon Committee S RZER 0B
e 1970 Commence F.F.& W. systems in Pilot Basin

AOKIREHAITERME

Hanggan, Panpanga, Tanshui, Maeklong
BRERI. &85%kid. [tEPampanga, HEEMaeklongH
- 1981-1984 ToPex S RIZ{ENY:KER

Assess F.F.&W.System, Compare models,
Risk analysis, Storm surge

AKTRERMRTFM FHESNIER, BRaN. SRNSHTE
« 1984 Flood Risk Mapping LKEREER
« 2002-2006 Flood Hazard Mapping KBRS EER
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Changes of Environment
* Objectives BMZE(L

Flood Fighting?kfhiE#)/Evacuation orderiBiii® 9 /Facility operation
EERi21E: Administrative use{TRMFIAE>>>
General use by industries and people #R. E£078

* Character of Disaster HKIFHTF(L

Overtoppingi¥if - ii7K/breach of leveesiffig>>>

Inundation, urban-flood + Sediment disaster
{EithiRok, BBtk + TRIREE

« Social Structure HHEF(L

Agriculture-based rural society@ftta>>>
Office worker-based urban society iifitt&

INTEGRATION TOWARD FINAL GOALS
=ZBIREAESIE
* Improvement of F.F.&W.System

AKIRERRIKE
» Establish Flood Fighting Organization

KR 5E T
 Provision of Hazard Map kSRR
» Evacuation drill gl ENE
* Flood fighting drill KfhERERE
» Provision of budget FHiER
e Coordination among agencies concerned

RS EX AT H A1 B
» Further education of people RMEHEHE
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OBSERVATIONER: MR radarBERRMNGE. KEFKE
BERKUGTEFOEBMIE BEHYEOMBENFIMADIAE
COMMUNICATIONIB(E: ¥fiberil, iB(ERIE, B TIE, Internet,
Broadband
PROSESSINGIEZRI0IE: Personal Computer £ BE/Fsoftware
DISSEMINATION{GZ: TV, Internet, i§i8 ik
+ INCREASED FINANCIAL CAPACITY BEBhoA
+ SUFFICIENT EDUCATED HUMAN RESOURCES EEGA#

Establish Flood Fighting Organizations 2KBhER M O BT
with sufficient forces, materials & equ]pmmm
e - AR, AN, W
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Provision of Hazard Maps iE7K BRI EAEE fif

‘The number of evacuee was 1.5 times more than those who had referred to the
maps than those who had not in 1998 Flood in Koriyama

~Flood Hazard Map (Kohriyama City, Fukushima Pref.)~

‘ ) ekl g 2
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- BT _ Evacuation &7 . £ s ¢

o U : P JakiBKE i+ BT

1] =y

~ Possible to know s
the probable depth of )

inundation by color
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Place of refuge

Emergency Cnnlnci
Municipal Offica
Medical Organization| *

-. Life Line %
3 Hazrard Control
A O llllu;

Flood Fighting Drill (2KFA;®E)

as a part of
Comprehensive Disaster Prevention Drill

AL RBNER

CONTENTS RE8
* Information Transmission Drill 15EB{nE:ll$%
* Flood Forecasting Exercise H#kJBIR:AE

* Flood Fighting Drill KkihiAE A

y : il
o Evacuation Drill S§#I8 l“_q&,ﬂ
 Rescue Drill $ZE#alE% r 11,,..«-.........
e Medical Care Drill EfElli# ?‘ T

* Supply Food to Victims Drill ﬁﬁﬂﬂtﬁﬁ
- ETC. &
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Flood Fighting Drill (*ﬁﬂ‘)
as a part of
Comprehensive Disaster Prevention Drill
HAMERBHER
PARTICIPANTS £N0iAS
River Administrator ij|l|E@&
Local Government/Municipality HHBR&E
Flood Fighting Organizations 7kEEREE
Police/Fire Fighting Organizations ¥, A
Japan Self-defense Force B
Mass Media ZBiS#R8
Red Cross i+
Farmers Organizations [REE
Schools M EH#ARA
Residents R

BEOHKkFIERRFTORA
acakinl : R
& im: SA
HIL%EE 1587 Km _ ml.ﬁﬁﬁ 2726 km?2
i@im t;ﬁé SHEE RE-EER EEE

Sk 303101!2 FRERE 406BHAm

J SkEIR 763 km2 BFkEE 309ERmS
3R WA 2859Km  AK2B: 116EPR
'*5'." KPS S2Pr RaskekPS: 144%76
; i =B, BT R

L
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Water Resources Agency, MOEA

Danshuel River Hood Confrol Center
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Organic Structure of Dansuei River
D Flood Confrol Center, WRA, MOEA
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