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Location-Taiwan

HydroPredict2012
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Changes in Climate in Taiwan

• Main Island of Taiwan has area of 36,000 km2.
• Temperature has been increased 0.7~1.4 oC in the past 100 

years.
• Annual precipitation does not change significantly.
• However, difference between dry (winter and spring) and 

wet season (summer) increases significantly. 
• Besides, rainfall intensity become stronger and dry day  

lasts longer.
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Shihmen Reservoir

Drought in Taipei Area

Spring, 2002

Flooding in Taipei 

Sept. 17, 2001
Return Period of Rainfall more than 

150 years

More Frequent and Intensive Extreme Events
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High Flow with High Turbidity, but 

Low Water Supply
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Typhoon Morakot

August 7-8, 2009
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ChiaXian Weir
(2009／8／18, ten days after typhoon)

Flood run overtopping 

weir, resulting in 

floodgate malfunction. 

Water Intake is blocked by 

floodwood.
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Typhoon Morakot

• The Typhoon Morakot intruded Taiwan during 7th

to 8th in 2009 and brought about 2,700 mm total 
rainfall.
– The annual rainfall in Taiwan is about 2,550mm.

http://img200.imageshack.us/img200/961/shiaolinaftermorakot.jpg

http://www.boston.com/bigpicture/2009/08/typhoon_morakot.htm
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2001 Typhoon Nari

2002、2003 Drought

2004 Typhoon Ari 2009 Typhoon Morakot

2010 Drought
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Facts Learned From Climate Change Study

• Climate change may cause more frequent and 
intensive drought and flood events.

• Uncertainty limits adaptation plans, which requires 
better projection skills and more flexible measures.

• Centralized system has less flexibility, though it has 
more effectiveness. 

• Distributed adaptive capacity building is required 
to increase flexibility.



Sustainable Development Laboratory Bioenvironmental Systems Engineering 11Sustainable Development Laboratory Bioenvironmental Systems Engineering

Goals
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Goals

• Evaluate spatial distribution of vulnerability for a water 

supply system

• Identify hotspot (the most vulnerable areas and reasons to 

cause vulnerability)

• Develop distributed response systems and increase 

resilience

12
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Procedure for Impact Assessment

GCM Projections

Downscaling

Future 

Climate Scenarios

Weather Generation Hydrological Model

Impact Inoformation for 

Decision Making
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Downscaled GCMs ensmeble

• Downscaled by the National 
Science and Technology Center for 
Disaster Reduction (NCDR) in 
Taiwan.
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Projections of GCM and ensemble result 
(A1B scenario)
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http://groups.google.com.tw/group/taiwap2
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Tool for assessment

Taiwan Water Resources Assessment Program to Climate Change (TaiWAP)
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Components of TaiWAP
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Study area-Kaohsiung

• The second largest city in 
Taiwan

• Population around 2.9 million
• Total area : 2,946km2
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Flowchart of making water resources 
vulnerability map
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Water supply system
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System dynamic modeling water supply 
system (VENSIM)

JiaXian Weir

GaoPing

River Weir

QiShan River

PointNine

NineZone

TenZone

JXtoNH

WS GP

Max Pipe JXtoNH

WR JXWEC JX

Max Flow JX

rule JX

Drawn Water JX

WR GP

WEC GP

rule GP

Max GP Drawn Water

Max Flow GP

Drawn Water GP

PointTen

PointElevenB

PointFourteenB

PointSixteen

PointSeventeen

PointEighteen

PointFour

PointTwelve

PointFive

PointThirteen

FourToTwelve

TwelveToFive

FiveToThirteen

InflowFour

InflowFive

OutflowTwelve

InflowSixThirteen
To

Fourteen

OutFlowNine

OutflowTen

MeiNong2

InflowMeinong

MeiNongToEleven

ElevenToFourteen

FourteenTo

GaoPing

GaoPingToSixteen

SixteenTo

Seventeen

Seventeen

ToEighteen

ToSea

OutflowSixteen

OutflowSeventeen

OutFlowEighteen

DrawTwelve

DrawNine

DrawTen

DrawSixteen

DrawSeventeen

DrawEighteen

DrawFourteen

DrawThirteen

Zuoko

Ailiao

Laonong

OutflowThirteen

PointFourteenA

FouteenAtoB

OutflowFourteen
PointElevenA

OutFlowEleven

TenToEleven

ElevenAtoB

DrawEleven

PointFiveteen

FiveteenToSixteen
OutflowFiveteen

DrawFifteen

Meinong

Qishan

<days>

<days>

Draw18Agri

Draw18Public

Draw13publicDraw13Agri

<days>

Draw14Agri Draw14Public

Draw16Agri

Draw16Public

<KSPublicRatio>

<KSPublicRatio>

WTPuseGW

WTPGWcapacity
WS KS GW

FromGW

DrawGW

JiaXian Weir

GaoPing

River Weir

QiShan River

PointNine

NineZone

TenZone

JXtoNH

WS GP

Max Pipe JXtoNH

WR JXWEC JX

Max Flow JX

rule JX

Drawn Water JX

WR GP

WEC GP

rule GP

Max GP Drawn Water

Max Flow GP

Drawn Water GP

PointTen

PointElevenB

PointFourteenB

PointSixteen

PointSeventeen

PointEighteen

PointFour

PointTwelve

PointFive

PointThirteen

FourToTwelve

TwelveToFive

FiveToThirteen

InflowFour

InflowFive

OutflowTwelve

InflowSixThirteen
To

Fourteen

OutFlowNine

OutflowTen

MeiNong2

InflowMeinong

MeiNongToEleven

ElevenToFourteen

FourteenTo

GaoPing

GaoPingToSixteen

SixteenTo

Seventeen

Seventeen

ToEighteen

ToSea

OutflowSixteen

OutflowSeventeen

OutFlowEighteen

DrawTwelve

DrawNine

DrawTen

DrawSixteen

DrawSeventeen

DrawEighteen

DrawFourteen

DrawThirteen

Zuoko

Ailiao

Laonong

OutflowThirteen

PointFourteenA

FouteenAtoB

OutflowFourteen
PointElevenA

OutFlowEleven

TenToEleven

ElevenAtoB

DrawEleven

PointFiveteen

FiveteenToSixteen
OutflowFiveteen

DrawFifteen

Meinong

Qishan

<days>

<days>

Draw18Agri

Draw18Public

Draw13publicDraw13Agri

<days>

Draw14Agri Draw14Public

Draw16Agri

Draw16Public

<KSPublicRatio>

<KSPublicRatio>

WTPuseGW

WTPGWcapacity
WS KS GW

FromGW

DrawGW



Sustainable Development Laboratory Bioenvironmental Systems Engineering 22Sustainable Development Laboratory Bioenvironmental Systems Engineering

Deficit Percent Day Index-DPD

• Japan Water Resources Agency(1977), Hsu(1988)
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Degrees of impact and sensitiviity

• Use Exceedance Probability=50% of DPD as the Impact 
Index of water deficit

• Population density as Sensitivity of domestic water
• Industry value of output as Sensitivity of industry water

• Vulnerability=Impact�Sensitivity
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Vulnerability Map without Climate Change
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Present Yr 2030

Without Climate change
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Vulnerability Map for 2030s 

25

Yr 2030

Without Climate change
2030s with Climate Change
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Adaptive capacity building

• Reservoir?
– Huge cost
– High Impact to ecology
– Not flexible
– Not easy to promote
– Need long time to plan and 

build

• Distributed response system
– Low cost
– Low impact development
– Flexible
– Easy to plan
– Short time for planning
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Distributed response facilities

Pumping Well Rainfall Harvesting

Artificial Lake Sea water desalinization
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Distributed response system

Find hotspots
Put on the suitable 

facilities to reduce 

the risk

海水淡化廠

雨水貯集系統

人工湖
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Distributed response system result

After
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Conclusion

• Under climate change uncertainty, flexible strategies are 
needed.

• Distributed response system can help to reduce the water 
shortage in a system by rising up the flexibility of hotspots.

• Cost and energy usage need to be considered
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THANK YOU
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