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Recent Climate-Induced Disasters




More Frequent and Intensive
Extreme Events!

Drought in Taipei Area
Spring, 2002

Shihmen Reservoir




Typhoon Morakot
August 7-8




Typhoon Morakot

= The Typhoon Morako intruded Taiwan during 7t to 8™ in
2009 and brought about total rainfall.

In Taiwan 1s about

http://img200.imageshack.us/img200/961/shiaolinaftermorakot.jpg
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Zengwen Reservolr
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= Zengwen Reservoir

— the most important reservoir in
southern Taiwan

— Watershed is 481 km?
— Annual rainfall is 2,897mm

— Effective storage is 590 million
tons. o




Change of reservolr storage
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OI[@8 Capacity: 570 million m?3
A Deposit: 90 million m3
®m Remain

m Deposit

Capacity: 150 million m?3
Deposit: 17 million m?3
® Remain

m Deposit




Typhoon Morakot Significantly Reduce

Reservoir Effective Capacity
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Learn From Typhoon Morakot

= \Water shortage may not only be caused by insufficient
streamflows, but also be induced by flood which results in
high turbidity flows and facility malfunction.

= Extreme events may come frequently. Extreme flood
follows serious drought, and then possible have another
serious drought threat.

= Reservoir may be seriously reduced his capacity by a
—siagle event. A water supply system will become more

an vulnerable, if extreme events keep hitting the
systems e it can recover.
o Decrea“él guvmRerability and increasing resilience of a

water: supply System is urgent. 12



Future Possible Climate Change
Impacts




Impact Assessment

GCM Projections
["’ '

\. Dynamics Model
k. W Future
i Climate Scenarios

\ 1

|
I.) - Hydrological Model

Water Supply System
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Correlation between Observation and
GCMs’ Baseline

Monthly Mean Temperature
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Downscaling Method

= Simple Downscaling
— Delta Method
— Bias Correlation
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Simulation Models

= \Weather Generation Model produce daily weather
data based on different climate scenarios.

= Hydrological Models — HBV and GWLF simulate
current and future streamflows.

= Water Supply System Dynamics Model — It is
developed by Vensim System Dynamics Modelling
- tool.

18



HBV Model

= Parameters
— FC(Field Capacity)
— f ~ LP (Parameter)
— UZL(Outflow height)

— Recession Coefficient
« Ky(UZL)
« K, (upper tank)
» K, (lower tank)

Ceu(coefficient of ET)

Soil
moisture

Upper
response tank

Lower
response tank
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Streamflow component of the GWLF

l Precipitation (f#7K)

Evapotranspiration (FEHFEE)

i \unoff (ZF)

Sa'rurafed‘ Gr'oundwa'l'er- s  Stream Channel

Deep Deep seepage
Saturated
Zone




Water Supply System - Gaoping Area

|ia‘ﬂwal71<-|
_—l_
I%&‘}i"kﬁil— _——

21




Water Supply System Dynamics Model
- the Gaoping System
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Water Supply System Dynamics Model
- the Zengwen Creek system
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Verification of System Dynamics Models
- Flows @ Liling Bridge Gage Station

Observed
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Verification of System Dynamics Models
- Storage @ Zengwen Reservolr
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Index to evaluate the risk of water deficit

= Shortage Index

= Deficit Percent Day Index, DPD Index

Nd

d DPD=Q D%
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The Criteria of Water Deficit

= Current shortage index (Sl) is about 0.39 which is
used as a reference.

= This study uses the threshold of DPD=1500 %-day to
evaluate the water supply ability.
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Current Water Supply Carrying Capacity
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Risk of Water Deficit with the criterion of
DPD>1500%-day

R (%)
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Current Carrying Capacity of Water Supply
System

B RRERET (FECMD)

149.2

DPD>1500%-day
I EH(4F)




Project Future Water Demand due to

growth of Industry and Population

2011 2016 2021 2026 2031
201.6 | 2105 | 218.7 222.9 225
0.71 0.87 0.95 1.00 1.03

Unit:10°*CMD

== J(_.E'
T /N B
230 1.2
215 el 0.8
a /
S 210
S . sl 0.6
i
200 ~— 0.4
195
0.2
190
185 T T T T 1 0 T T T T
1004 1054F 1104 1154F 1204 1004 1054F 1104 1154F 1204

'\\



Risk of Water Deficit (DPD>1500%-day)

Current 2011 2016 2021 2026 2031

32



Climate Change Impacts on Gaopin Water
Supply Carrying Capacity@2031
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Climate Change Impacts on Gaoping Water
Supply Carrying Capacity
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Climate Change Impacts on Gaopin Water
Supply Carrying Capacity@2031
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Climate Change Impacts on Gaopin Water
Supply Carrying Capacity@2031
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Strengthening the Adaptive Capacity
of Water Supply Systems







Goals

= |dentifying hotspot (the most vulnerable areas)
= Developing distributed response systems
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Vulnerability Assessment

= |[mpacts
— Changing Climate
adapive Adaptive capacity
Capacity — Facilities
— Governance & Management
Sensitivity (Exposure)
— Population

— Agricultural and Industrial
Productions

V= F (Impact, Adaptive Capacity, Sensitivity)
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Vulnerability Map

Climate
Scenarios

A1B

Adaptation
Strategies

Strategy 1

Strategy 2




Taiwan Water Resources Assessment
Program to Climate Change (TaiIWAP)

http://groups.google.com.tw/group/taiwap2
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Components in TaIWAP

Berzsar o
BR DH RN

« | Future Scenario

TIFENR

#ReE

[STR: -]

[IResult
(W00

RSN

5
A 18R
EeiShi River Flow
|| 2 e R
tronShi River Flow
|| e R
Sanlia Fiver Flow
g 48 B R
ToHan River Flow

A St 5 ¢

1972
LA BeiShi River Flow S EEHE.
1900 v

TEHE | RREREE | SRBARRE

[UKMO-HADCH3 A3 ~1

DO Y
LA

i S e Emee il KRR RIS

i

RETRESE | R

W 20205

N z080: 7

VHAEE RERAKEE

Trend
Analysis

FREHERE AREFERSE HRERERAT

WA | EREE

B spesmeniies Seanss

i

= Weather Generation Modelj

EEEF

Reading Tofian River Flow TEMO-HADCM3 47
Eeading Ceeluns Eiver Flow UKMO-HADCHE &

=1 HBV & GWLF Model

1B S psrEmer sl KA RISR
¥k Bie8 R

TIREERTE

kSR MR
TR

R R R (DD
RERARERA D)

SHERER

Vensim

El

[UKMO-HADCHM a2

= e =]

A% HE 113

EEEsamonD) |08 [ATE  [1B5E 0519
St iz s e e

0]
THEEE | AR ANEE | SRERERk MEREE [REERST | 2REE

I S e Emmer it REEAA T
i

AHAEETE RRENEE

FkBRERE

R EAT

£

B DI T
B 2 (R || S A AR S

hi Ruver HDYEHKMOVHADCME_AZ

1239
i %
P et R

KMO-HADCM3_42

Raver Flow_TKMO-HADCM3_42

Sonkan

SR e || SR

Ei%}g{%ﬁﬂ | EREAE
v

Floy UEMO-HADCM3_A2

SR e
Pri el EEON

e

ST ARENEE [BrEREEE | KEERE | KRR | #ReE

a
8 1o lwln izl

THERE | RREHEE SRERESHE [RERRE | REERAT | B8

Agri.
Water
Demand

L P -y

HREER

R

g

ERA LR
IR ERRE

|D ‘whb\WorkingdHP DAT

BRAFTIA V20
12FRR

wEm
EEfermmEraTRER
Tel: (02)2828-7560

Email: tsai zing@msa hingt nst

JEEaE

FE1E & 328
o RIRSERERRE

FEAD LRI AR T 2
Tel: (02)2362-0327
mail: cptung@ ntuedw b

AHP tool |

1. FI2S A S Ek i © BUF AT
2 FAEARTRA T B ES 2 (O
3. B TR R E R A S =

HMESRTE | REEHES | SRR

01%
0307

0180 REEIMERAREEE
0119 kEEER

0198 FPIRIFBREH A

=R
= AREERERRE
EIE LB

&

B IRiEEE
b 4
TR

EiE LB

)

KEERE REERAT [#ER




AHP Tool

Objective

Smart Action —
Priority

Principles

Environ. Equi
Impact gL Regret Reversible

Adaptation Strategies

Strategyl | Strategy2 | Strategy3 | Strategy4




Final Remarks

= Sustainable development is our goal. The abilities to
evaluate climate change impacts and identify
measures to strengthen adaptive capacity are very
Important to reach the goal.

= Engineer always designs their systems based on past
statistics and assumes they are stationary. However,
~.climate change makes different stories.

reduce vulnerability and increase resilience
IS very important.




Final Remarks

= How can we make wise decisions with

uncertainty?Uncertainty is the major constraint on
taking actions. Early warning and risk management
systems are very important for adapting to future
climate.

Distributed response system may also be required to
- unload impacts. Possible measures for distributed
nse system may include rainwater harvesting,
cling, groundwater, small lake, etc..
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