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On the average, Taiwan is
struck by 3.5 typhoons/year

Warm NW Pacific sea surface
temperature produces the
highest Typhoon Maximum
Potential Intensity on earth.
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Comparisons of river slope
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Island length : ~ 400 km
Island width : < 150 km
Highest mountain : 3950 m



Orographic Enhanced Typhoon Rainfall

Strong wind/high Froude number
over-mountain airflow induces
heavy rainfall on the windward side

Without orographic enhancement,
typhoon rainfall intensity:
| ~ 20 mm/hr e.g. over ocean

With orographic enhancement :
| ~ 50 mm/hr

Heavy rainfall and steep terrain
causes flash flood and debris flow
In the upstream valleys as well as
Inundation in the alluvial plain.
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BOTographic Enhanced Typhoon Rainfall

& During Typhoon Herb

120 —

1996, Ali Mountain Ali Mountain Station

(during Typhoon Herb 1996)
—@—— observed data

Station recorded hourly )
rainfall intensity was

continuously greater £ *
than 80 mm/hr for 13 § )
hours. ;
& Maximum 24-hour w0
rainfall is 1748mm,
which is about 94% of
the world record. . | \
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xtreme flood passes through

R

Basin area = 2726 km2
0-20m a.m.s.l. : 9%




Huge Flood Discharge

200 Year Return Period 25000 m3/s

& 200-year return L
period flood :
25,000 m3/s
equivalent to
33mm/hr*basin
area 2726km?

& Levee height:
>10m a.m.s.l.

& Urban drainage: / ;
pumpEd |nt0 ‘ »I @ comm. Cntr.
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Raise Embankments

& Levee height at Taipei \/F_.;_ /
Bridge is raised to 10m " | i

above m.s.l.

Length of newly built
or raised:

& Taipei City 98 km

& Taipei County 96km



Birdseye View of Taipei City




pod Mitigation Project for Taipei

Develop Urban Dramage System

@ 5 year return e—_—
period rainfall
~78.8 mm/hr is oelp s

Tanshuigegd s
applied for storm River B Bmo6E %, ||
sewer d e5|gn b B \-/
design utilizes o, 3 P
typhoon rainfall  fedss
~45 mm/hr.

/\ Pumping Station
o Manhole
River

_ — | evee
Upland Watershed
Building Block

Embankment : 200-year ‘*,
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ood Mitigation Project for Taipei

Operation Rules of Pumps and Gates
& Pumps are operated locally with the help of Danshui
River Flood Forecast Center to lower river stage by
reducing reservoir discharge.

& Sewer stage > river stage : open gate ( + pumping )
& Sewer stage < river stage :
close gate + pumping

<
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tion at Keelung River




Optimize Reservoir
Operation for Flood
Peak Reduction

@ Feitsui Reservoir :
storage 4x10% m3, flood
peak travel time to
Taipei Bridge ~1.5hr,

& Shihmen Reservoir :
storage 2.3x10% m?3,
flood peak travel
time to Taipei Bridge

~ 3.0hr



& Major Flodmg
# Caused by flood stage topping levee or major levee failure.
# Large area, max. depth > 1.5m inundation.

# Most underground
streets, subway,
basements and 1st
floor near dike are
submerged.

& Events: 2000
Xangsane, 2001
Nari typhoons at
Keelung River.

& 3-to 6-hr leadtime

- - () L) Y\

Keelung River
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& Minor Flooding:

# Caused by rainfall intensity
exceeding sewer/pumping

# Inundation depth <0.5m

# Some basements are
submerged and buildings
inundated.

& Gone in a few hours.
# Happens a few times a year.

#& A radar-based urban flash
flood nowcast system is



& Moderate Floodmg

# Caused by minor levee failure, flood gate, pumping station failure
or a combination of the 3.

# 0.5m < max. inundation depth < 1.5m.

# Many underground
space are submerged

#& 2004 Typhoon Aere.
Flood stage (6.8m amsl)
is 6.5m higher than the
adjacent ground surface
(0.3m) near Taipei
Bridge

# A system with video
monitoring + river stage
+ urban flash flood

. nowcasting is needed




BEimatology Typhoon QPF Module

& CTQPF bases on the climatology relationship among
typhoon centers, maximum wind speed and station
rainfall mined from historical events data.

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

& Supplies data for flood forecasting as well as for
decision support GUI display
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& Covers the Island at 0.0125 deg. Lat-Lon resolution,
and divides into watersheds

@ Provides 24-120 hr lead-time at 1-hr resolution.
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& 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 of

+ ¥ ¥ i fahilitvs fAr +
momentuim term 10 enaiie Staolity 101 tran

critical flow simulation.
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NewC Scheme, Pros and Cons

@ Pros: Continuous trans-critical simulation enabling future

data assimilation with Adjoin State Method.
& Cons: Stage is not correct where depth variation is large

ubc : g = 1500 cms ; dbc : q(y) = 200*y** ( ﬁ

25

20

AXx=20 m, @t =10 sec

i.c:q=1500cms;y=15m
Bed Level

NewC
Hec-subcritical

——>—— Hec-Mixed

_____ Hec-supercritical




BEanSUIRiver Channel/Catchment Layout




orphological Runoff Module
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& Without linear assumption. Real-time computation.

& Save the final state variables in all the gullies and to be

retrieved as the initial condition for next nowcast.
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& Direct runoff hydrograph from 10mm/1hr-duration
excess rainfall with different Manning’s roughness coef.

& Surface runoff through a linear reservoir with k=20min.
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Time (min)




140 m 0
120 — _ — 10
== Rainfall
- === Abstraction o
_ 100 — N
(7))
5 - —— Discharge — 30
— 80 — —— Direct Runoff
"9’, — Baseflow 20
&
@ ~ 50
o
— 60
— 70
80

2001/09/150 2001/09/16 0 2001/09/17 0 2001/09/18 0 2001/09/19 0

Rainfall Intensity (mm/hr)

Area=19.9km?
Simulation Parameters
CN=55

K= 40min

Manning’s n=0.04

Upper Tank Orifice
Height= 0.04 m

T i~

Upper Tank Orifice 1
Constant=3 day

T
|

ime

Upper Tank Orifice 2 Time
Constant=3 day

Lower Tank Orifice Time
Constant=14 day

~———



eBased [/0 files, Adapters & Workflows

& Define XML 1/0O files for all hydrologic models.
Time-series and map-stack types.

& Use pre- and post adapters to modulize
hydrologic models.

% Pre Adapter : transform time series xml into
hydrologic model input format (java)

# Hydrologic simulation model (any language)

# Post Adapter : transform hydrologic model
output format into time series xml (java)

xml xml xml

odel B xml Model C xml
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Compose Input
Data and Workflow
Description >'ml
Files, then Zip
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rerencies—Iyphoon Climatology QPF

& The trend is OK, good for reservoir operation,
but not the spikes induced by rainbands.

& Works for normal typhoons, not for extremes.

& Does not work if accompanied by strong Asian
monsoon flow (south-westerly flow in early to
mid-summer, north-easterly flow in autumn)

& Does not work when typhoon is nearly stagnant
where the eye-wall and rain-bands are altered
by the topography.
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& 2/3 area of Taiwan is mountainous. Raingauge
station installation and maintenance is difficult
and thus sparse.

&4 CWB radars have difficulties to accurately
estimate high intensity rain in the valleys or
near-surface orographic rain.

@® The into-reservoir volume is 1.4 times the
rainfall observed at TsenWen Reservoir.
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4 Dopplar Radars of CWB

& Terrain
unaffected
radar mosaic

& Range =120km
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E=Rainfall Pattern of Typhoon Nari
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Data Assimilation

& River Stage DA uncertainties :

# QPE and runoff uncertainties contribute to channel
lateral inflow uncertainty

# Scouring and sedimentation leads to river
bathymetry uncertainty

& Changes in runoff hydrograph induces a need
to assimilate Direct Runoff and Base-flow ( tank
model)

& Kalman Filter, which assimilates the states only,

Mgr bathymetry uncertainty
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Fellsuei Reservoir Hydrographs
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& The river stage nowcast system still needs
some major improvements.

& The clean water simulation is not a complete
story.

& Catastrophic flooding is possible in Taipei

Metropolitan Area.
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