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“Stationarity is Dead”
(Milly et al., 2008)

© Conventional Method of Water Planning

Assumption: rainfall pattern fluctuate within unchanging
envelope of variability

® Under changing and uncertain climate
v’ Climate is changing

Return period (ex. 100-year flood or 10-year drought) is
never foundation of planning

v’ Prediction possible, but with uncertainty

New Designing methods of water infrastructures
are needed
River bank heights, reserve capacity, bridge heights etc.

Furthermore......



“Stationarity is Dead”
Is flood Control Philosophy Dead, as well?

Source: MLIT

Can we continue to construct higher dykes
according to increasing flood scale?
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Stationarity is Dead
Flood Control Philosophy is Dead as Well.

« Conventional philosophy is abandoned

“Long liner bank system along river from river
mouth to mountain”

* Proposed new philosophy
“Multilayered measures in river basin”

1) Step 1: Strategic area protect by
structures

2) Step 2: Urban planning and land use
regulation for risk areas

3) Step 3: CBDM



Proposed Method for CCA Planning

< conventional project> :< Climate Change Adaptation Project>
[[ Objective: to mitigate human ] :

[[ Objective: to minimize human loss ]]
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Flood Risk Management Under
Changing Climate: Proposed Method

Sustainable society resilient to changes

to respond continuously changing climate

to plan and implement infrastructure projects
through predicting future impacts with
uncertainty

to change systems of water management
according to developing technology for
prediction and adaptation of climate change




1. five basic concepts for an approach to
coping with a changing and uncertain
climate resiliently and sustainably

1. Human security: Focusing on individuals, particularly
the most vulnerable

2. Engagement with the society: Engaging with the
society as a whole, including policymakers and decision
makers

3. Building a sustainable adaptive society: resiliently
cope with a changing climate whose prediction entails
uncertainty

4. Disaster risk management: with the focus on the
society's vulnerabilities, especially associated with
urbanization, and adaptive capacity

5. “Zero victim” goal of flood control:
(i) protecting critical areas using structures,

(i) no settlement in disaster hazard areas, and
(iii) coping with unavoidable inundation with CBDM



2. Forecasting extreme events

How to use GCM data in formulating a project
and handling projecting uncertainties.

* High-resolution model
* Down-scaling

— Dynamic
— Statistical
Ensemble

Design rain intensity
(e.g., a ten-year return

Pederh

Statistical processing
based on historical data

Projection as of now
(e.g., projection for 205(

Projection when the
projection accuracy is
improved (e.g., ten year
later)

Actual value due to
climate change

Lower 11m1t " | Upper limit

Not available

Upper limit: Possible over-investment

Further
increase

Lower limit: Ineffectiveness of the

program

Average: Likely divergence from the

actual value




3. Assessing damage and impacts.

Setting: target years, return period,
rainfall

existing coping mechanisms
Impact assessment methods

* Inundation analysis: simulation, or interview
* Impact assessment



4. Climate change adaptation measures

Governance at river basin level

— Involvement of various sectors, organizations,
stakeholders

— Need for consensus building and responsibility sharing
Flood Risk Management

— Structure measures

— Non-structural measures: early warning and evacuation
— Land use regulation
— Community-based Disaster Management

Water use & environment: Strengthening IWRM

Coastal protection: Study carefully because of high costs
and projection challenges

Capacity Development
Monitoring
Poverty alleviation and consideration on vulnerability group



5 need for capacity development

developing countries will be able to better
cope with changing by themselves:

— climate change, and
— technological development



Climate change prediction

Impact on Extreme Event

* Target year: Near-term 25-30 years

— Comparatively low uncertainty, social factors not
substantially affect climate

* Down-scaling

— Statistical, Dynamic
— Multi-model ensemb_le of GCM

Pahang River Basin, Malaysia

MapgHCR-PH HAHTH l
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Case Study 1: Tagoloan River Basin,

the Philippines

« Catchments 1,778km2
* Precipitation 1,500-2,000mm
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Figure K 10.16 Future 25-v1 Probable Design Hydrographs

25-yr return period
4,200 in present
4,650-4,800 in 2050
5,000-5,300 in 2100



100 yrs tlood

» — 25-50yr flood in 2100

> 50 yrs flood
] _ — 25yt flood 1n 2050
4,000 ———— ———
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2000 Pl 20 2080 2080 2100 Probable Flood
Fear )
X Discharge
- rainfall (m3/s)
Scenario intensity
(%) Return | Syr | 10yr | 25yr | 50yr | 100yr | 25yr | 50yr
period
(year)
Status quo - 125 | 142 | 164 | 181 | 198 | 4190 |, 4770
A1F1 | 2050 11 150 | 170 | 197 | 217 | 237 478(5/ 5720
2100 14 161 | 183 | 211 | 233 | 255 5400/ 6150
B1 | 2050 20 138 | 157 | 182 | 200 | 219 | 4656 | 5290
2100 29 142 | 162 | 187 | 206 | 225 | 5030 | 5430




Revising Plan

Original MP Revised MP
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Case Study 2: Cavite,the Philippines

Fig. 1 General Map of Study Area

River Basin Catch(r{(lrerrllzti Area River(ire;l)gth
Imus 115.5 45.0

San Juan 147.76 43 .4
Canas 112.32 42.0
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2008

fEfR I DR E

Houses at risk area

21,800 houses

®

2050

74,200 houses

Legend

Inundation Depth
Ma Flaod
0.0 - 0 25m

B 025 -0.5m

oS- 1.0m
1.0-2.0m

- Mare than 2m

. Number of Houses/Buildings
‘ Probable Flood Inundation Area (km?) Inundated (thousand _ houses)
Case . . Urbanlzed R e R O N R P T RO
Scenario of Climate Change . : Flood Flood
No. Ratio Flood Depth : Depth
: : Total Depth Depth Total
below Im : above Im : ; :
: : below Im : above Im :
I |Status Quo 26%* | 3151 .05 3256 [201 ‘17 i21.8
2. |StatesQuo | 3582 1 1,50 3732 314 29 344
..3..{In 2050 under Bl Scenario | 50 4 | 4110 1 252 ..43:62 (355 A4 399
4 |In 2050 under AIFI ° ; _
Scenario 44.64 3.54 48.18 [38.4 5.9 44.3
L |StatesQuo 41.05 245 14350 1564 072 1636
.6 {In2050 under Bl Scenario | o s | 4392 29745089 160.1 85 686 .
7 |(In 2050 under AIFI ° :
Scenario 47.27 : 398 :51.25(63.0 :11.2 :74.2




multiplication of CC and Urbanization
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BhG5RHRET Climate Change Adaptation
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1. SIS - ki 3. A HiRetarding
River improvement works 2. - HUR R AL

Land Use Control Basin in Urban area

Off-site Flood Retardina Basin
Partial River Improvement Section




AT

@5 Climate Change Adaptation
Y 7 xR Software measures

d

/ \ -Ug_ P 7 “J 70 For Evacuation

For Warning

i1 7 8L

River Water Level Indicator for Flood
Warning and Evacuation



@3 Climate Change Adaptation

O a=T 4K Community based disaster management




@ It-%k Climate Change Adaptation

O a=T 48K Community based disaster management




5. conclusion

Startionarity is dead, flood control
philosophy either?

JICA’s Handbook for Climate Change
Adaptation in Water

Proposed method of CCA in flood risk
management is applied in the
Philippines

Various local solutions are required for
adaptation



JICA handbook

Ver.0 was produced
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Ver.1 will be issued at the end of FY2010
Comments are welcomed
Ishiwatari.mikio@)jica.go.jp






Global Average Temperature Rise (°C)

Climate Change Impact
Statistical Down Scaling

» 12 GCM IPCC4

« Scenarios
— A1F1(pesimistic)
— B1 (optimistic)
* max. daily rainfall in PHI
(2080-2100)
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Fig.7 Relation between Local Average
Temperature Rise and Incremental Rate of Storm
Rainfall in Philippines

Increase Rate of

Scenario | Year Temgigit(gée) Storm Rainfall
Intensity (%)
B1 2050 1.1 11
scenario 2100 1.5 14
A1FI 2050 2.3 20
Seenario [ 5109 3.5 29




Climate Change Impact

Relationship between Two-day Storm Rainfalls and Recurrence Probabilities
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Increase Probable 2-day Storm Rainfall (mm)
: Rate of
Scenario | Year 100-
Storm 2-year | S-year 10-year | 20-year | 50-year
Rainfall(%) year
Status -
Quo 2003 191 258 295 326 360 383
2050 | 11 212 286 // 327 362 400 425
Bl 'S
2100 | 14 218 224/ 336 372 411 437
2050 | 20 229 »é/(o 354 391 432 460
A1FI
2100 | 29 246 |/ 333 380 421 465 494




Figure H13. Cost and Benefit of Adaptation
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MNote: ‘mrean” indicates the average outcome of the simulations
and the range of estimates from the Gth to the 95th
pPpercentile is shaded area. Benefit in termms of avoided
damage is based on A2 scenario.
SOource; ADE =tudy team.

Stern: better spend 1% GDP now, than 5% GDP later!



Climate change prediction
Study in South Western Sri Lanka

Study Area
River Basin C.A.
Kalu River basin 2.719km?
Kelani River basin 2.,292km?
Gin River basin 032km?
Nilwara River basin 971km?
Study Schedule

21 months
(from January 2010 to September 2011)

First Year Second Year

2010 2011

Workin ||y

Sri Lanka

Work in ‘ ‘
Japan {7 | ] |




Climate change preadiction
Study in South Western Sri Lanka

(1) Data
Collection

v

(2) Examination of Appropriateness of GCM20 by
Comparison with CMIP3 Rainfall Data

(3) Bias Correction and Statistic Downscaling

(4) Evaluation of Flood Risk
(Hydrological and Hydraulic Analyses)

Note: CMIP3: Phase 3 of Coupled Model Intercomparison Project
GCMZ20: General Circulation Model (20km grid)
APHRODITE: Asian Precipitation-High Resolved Observational Data
Integration Towards Evaluation of the Water Resources



Recent change on Climate in Japan Y BixEd
Daily rainfall over 200mm is significantly increasing |
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Projection of future Climate © EtxEs

®Rainfall after 100years is projected
to increase 10 to 30% (max. 50%)

®bigger increase in northern area

/Future rainfall projected as a N\
median value in each region

Average rainfall in 2080-2099
Average rainfall in 1979-1998

-
o
The maximum daily precipitation 4
\GCMZO (A1B scenario). o
o
<
r
42)
<
o
.
1.15~1.20 % A B
1.10~1.15 - -
105~110] | Increasing rainfall intensity make flood safety

~ level significantly lower than present




2. Impacts of
heavy rains

Declining safety level against floods

[Return period of flood 1s declining by increasing rainfall. ]

MERFDIF D

[Image of declining return period QY Eyer I daily rainfall X 1.2
return period

current future

1/100...................

1 current da

1/ 50 (ooooooooo e0oco0o0

projected data

Rainfall probability sheet

rainfall



2. Impacts of
heavy rains

ZEEDIET

Declining safety level against floods

Impact for flood safety level after 100 years

[9A9] A)19)es POOo[]

1/200 C(currentTarge)| 1/150 (CurrentTarge ) 1/100 (CurrenItTarge)
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. . 3. Impacts of
More frequent and serious droughts 7‘% 7K

[After 100 years, rainfall decrease in March - June }

Comparison between present conditions(1979 to 1998) s
and future rainfall(2080 to 2099) in Class A rivers ) %

A
B o Ex=14

1.2-1.4

1.0-1.2

0.8-1.0

<0.8

Source: Water Resources in Japan 2007, Land and Water Bureau, Ministry of Land, Infrastructure and Transport



More frequent and serious droughts
Snow fall pattern will change BERERFEIDZ 1L rougnts

= — , _ (ii) Reduction of | |()\FAIENREE S
WS DD 1OOE1§Change n river flow rate Earlier discharge due to

snow cover in 100 years i ,
(&R Fujiwara) ;nIJII,,’.{E,)&,J&_ﬁ | earlier snow mplt
—Average 14 i n i E
250 || —Future  F3E A & : :
= 3 EE E
n I—J-JIIIJILEO)Im
20 [
> = Reduction of river flow
190 g — I u 1
- FEK : \__— IRTE : Present
100 > | Future ! ! -
E 1 1 : o
0 r z 1 1 :
0 ('.i') 75\/\175\L\FH7J<0)/JI’} |
Oct Nov Dec Jan Feb Mar Apr May1! Insufficient river flow for large amounts of
*Prepared by Ministry of Land, Infrastructure and Transport iﬁigﬂ’fiﬂn : '
based on Regional Climatic Model (RCM) 20, a global January April July October
warming prediction model, developed by Japan <+—>
Meteorological Agency. L 575\%%

Surface soil puddling period
R LT IE R G HVE

Release of reservoir water not contributing to effective water use
Where the reservoir is full, released water is not used effectively.

Source: Water Resources in Japan 2007, Ministry of Land, Infrastructure and Transport



Increase of areas below sea level, 4. Impacts of

and of inundation risks ;R FE K= | sea level rise

Increases of below-sea-level areas in three large metropolitan areas
(Tokyo-Yokohama, Nagoya, and Osaka-Kobe)

Increasing areas with flood risks

Ashiya City to Osaka City

Yokohoma Cily to Chiba City™~

yi Tokyo Bay
A )

*Prepared by the River Bureau based on the national

~ = A land-use digital information.

;ﬁ ﬁ J: H ‘[ﬁ *Shown are the areas at elevations lower than sea
level shown in a three-dimensional mesh (1 km x 1
km). Total area and population are based on three-

2
ﬁ*ﬁ K m ) 879 ) dimensional data.

*No areas of surfaces of rivers or lakes are included.
*A premium of 60% is applied to the potential flood

A I:l ( 75 A ) 5 _ 93 risk area and to the population vulnerable to flood

risk in the case with a one-meter rise of sea level.




5. Japan's response

Recommendations 6 ellinEhe G HEnE

L

. ‘ . B
In coastal and low-lying areas:
-SREBEREEDOHEHE More frequent heavy rains and more intense

typhoons
KEDIEM Frequent and serious flood and sediment disasters

-BHEESF ESE Sealevel rise and more intense typhoons
=i, BEKXE Frequent and serious high tides and coastal erosions

-fEREAIREDZEIE  Wider range of variation of rainfall intensity and change of river flow

(& ;#17K  Frequent and serious droughts )

Recommendation Basic policy

1. TEHEEL O] Adaptation measures to achieve “zero casualty”
[CNFETIEHErE O] Paradigm shift from “Zero damage”

2. ERMEEEDRME ZMEE :  Keeping national functions
B #NE 7% & AR EE

In strategic centers, such as the Tokyo Metropolitan area,




_ o VO BEtxEy
Basic concept for managing increasing risks
- Multiple measures in flood management -

Present Future (100years later)

e e,
- SIS

1/150—>

Target of 1
Safety
Level
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Runoff

regulation Target of
measures Safety
in basin \Le_vb

. . - ] - 41
Crisis management elopment

and Evacuation Crigis management and Evacuation




