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Design: 50-100yrs

Japan
Coastline: 33,889km 

400 million people below sea level

Static change

 Sea level rise

 Dynamic change

 Storm surge

i.e. Isewan typhoon/Vera 

(1959) 895 hPa

5,098 casualties

 Ocean wave

200 casualties/year  

by marine accident in Japan. 
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Expected Coastal Environmental 
Changes

Sea Level + Surge + Wave 



Workshop of TCCIP Project on Climate Change

Expected Coastal Environmental 
Changes

Sea Level           + Surge                 + Wave        

SLR

+SLR

DSurge

+DSurge

DWave

+DWave



Page 8Workshop of TCCIP Project on Climate Change

Statistical TC Model
Future Storm Surge 

Projection

Storm 
Surge Dynamical Down 

Scaling

Future

Coastal 

Climate

Sea 
Level 
Rise

Wave Simulation
Future Wave

Projection
Extreme Analysis

Wave



Workshop of TCCIP Project on Climate Change November 1-3, 2010, Taipei

Future Typhoon/Storm Surge 
Projection

Stochastic downscaling?
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Agenda for Storm Surge

• Stochastic Typhoon 
Model

• Application to Global 
Scale

• Future Typhoon 
Simulation

• Storm Surge 
Simulation

MRI-AGCM20

CMIP3/5
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 Mote Carlo simulation of typhoon for given pdfs such as

Direction

Speed

Pressure

2 1d d d t +D D

2 1v v v t +D D

2 1p p p t +D D

Direction: d1

Speed: v1

Pressure: p1

Change of Direction: 

Dd1

Change of Speed: Dv1

Change of Pressure: 

Dp1

Change of Direction: Dd2

Change of Speed: Dv2

Change of Pressure: Dp2

5km (fixed)

Direction: d2

Speed: v2

Pressure: p2

Direction: d3

Speed: v3

Pressure: p3

Stochastic Typhoon Model

For 10,000-100,000yrs
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Experimental condition: 
Present Climate
Base data : IBTrACS(1950-2008)

Numerical conditions

PDF grid resolution 3 degree

Simulation grid resolution 1 degree

Simulation period 50 years

PDFs

Genesis number lognormal

Traveling direction normal

Traveling speed lognormal

Center pressure lognormal

Properties change rate normal

Etc

Maximum center pressure 1020 hPa

Minimum center pressure 850 hPa
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Validation: Present Climate
TC Passing number

IBTrACS

(obs)

Simulated

Frequency
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Validation: Present Climate
Mean Central Pressure

hPa

IBTrACS

(obs)

Simulated
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Concept of Projection of 
Future TC

Observed data

Simulated TC in Future Climate

DTC Cyclogenesis location

DTC Cyclolysis location

DTC Pressure

DTC Moving speed

DTC Direction
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GCM present GCM future

Observed (IBTrACS)

?
Future typhoon

Statistical
Transformation

Statistical 

Characteristics: 
Cyclogenesis, 

Cyclolysis,Number

Intensity  and etc.

1979~2003: GCM Present

Generation number: 483

Average: 19.32/year

1979~2003: JMA Best Track

Generation number: 658

Average: 26.32/year
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Cyclogenesis

CCCMA

CSIRO

GFDL

MIROC

MPI

IBTrACS KAKUSHIN(SPA)

Frequency
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Frequency of TC passing

CCCMA

CSIRO

GFDL

MIROC

MPI

IBTrACS KAKUSHIN(SPA)

Frequency
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Present

Future

Centroid of cyclogenesis
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Future Change of Cyclogenesis

Future Change of Cyclolysis
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Present

Future
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Concept of Projection of TC

Observed data

Simulated TC in Future Climate

DTC Cyclogenesis location

DTC Cyclolysis location

DTC Pressure

DTC Moving speed

DTC Direction
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Typhoon Numbers/yr: Present Climate
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Typhoon Numbers/yr: Present - Future
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Future Ocean Wave 
Projection
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Ocean Wave Modeling

 Spectral wave model 
 Delft SWAN version 40.51AB

 Configuration
 Sin: Komen

 Snl: DIA+HJ Limiter

 Sds: WAM4

 Bathymetry
 BODC 10min data

 Resolution
 1.25 deg., -80S-66.25N

(289X126) Case Start Finish Period

Present 1979 Jan 2003 Dec 25 years

Near Future 2015 Jan 2031 Dec 17 years

Future 2075 Jan 2099 Dec 25 years
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（m）

Averaged Hs: Present
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Averaged Hs: Future-Present

m
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Extreme Wave Height Change

Present Future

50yrs return period 

Extreme analysis: Annual maxima and POT
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Future Sea Level Rise
by CMIP3 ensemble

[m]
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Averaged Hs: Future-Present

m
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SLR dominant SLR>15cm

Hs dominant Hs>15cm

SLR+Hs negative SLR+Hs<0

(Threshold: SLR and Hs=15cm)

World Coastal Assessment due to SLR 
and Wave Climate Change
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Summary 

Typhoon 
Stochastic typhoon model has been developed in global scale.

Analysis TC characteristics change has been finished

Storm Surge

Ocean waves
Mean wave

 Clear dependence of latitude

 Increased: mid-latitude westerlies and the Antarctic sea

 Decreased: the Equator

 Extreme wave

 Tropical cyclone dependence

 Increased: The Northwest Pacific, Indian Sea
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Outlook

 Stochastic typhoon model (STM)
A series of numerical experiments changing parameters

The intensity and radius change are necessary to be considered. 

Further validation and modification

 STM+Storm surge projection
Asia mega delta

Unstructured grid model in global scale

 Ocean wave projection
Down scaling to fine resolution in bay scale 

 Inter forcing comparison (different scenario, models)

Multi-physics projections
SLR+Wave+Surge

Stability of coastal structures

Coastal bathymetry change

Data: http://www.oceanwave.jp/
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Maritime Disaster Reserch Section

Division of Atmospheric and Hydrospheric Disasters

Disaster Prevention Research Institute (DPRI)

Kyoto University

www.oceanwave.jp

www.dpri.kyoto-u.ac.jp/~kaigan

mori@oceanwave.jp

Collaborators
 Professor Hajime Mase (Kyoto University)

 Professor Eiichi Nakakita (Kyoto University)

 Assistant Professor Tomohiro Yasuda (Kyoto University) 

 Assistant Professor Sota Nakajo (Kyoto University) 

 Assistant Professor Yuichiro Oku (Kyoto University) 

 Dr. Tracey Tom (Surflegend Co. Ltd.)

 Dr. Hiroyuki Murakami (JAMSTEC)

 Students

Tomoya Shimura (Kyoto University) 

Yuta Hayashi (Kyoto University) 

Ryota Iwashima (Kyoto University) 

Supported by
 Innovative Program of Climate Change Projection for the 

21st Century (KAKUSHIN Program ) by the Ministry of 

Education, Culture, Sports, Science and Technology 

(MEXT)

 KAKENHI, The Japan Society for the Promotion of Science  

(JSPS)

 Japan Institute of Construction Engineering

Acknowledgement

THE END

NOBUHITO MORI

http://www.presentationpoint.de/
http://www.ppt-vorlagen.de/

