=

Projection of Extreme W__f
Climate and Modeling

Nobuhito Mori and Tomoya Shl

Kyoto University
Www.oceanwave.jp

|

Murakaml (JAMSTE
and others

12th Wave Workshop; ©Ctoler st NovemP e S2018



Inundation height [m]

The 2011 Tohoku Earthquake Tsunami 0 5 10 15

Joint Survey Group Runup height [m]
| | 0 ) 10 15

Epicenter - an
Mori, N et al. (2011) Survey of 2011 Tohoku earthquake tsunami inundation
and run-up, Geophysical Research Letters, 38, LO0G14.

Mori, N., T. Takahashi and The 2011 Tohoku Earthquake Tsunami Joint
Survey Group (2012) Nationwide Survey of the 2011 Tohoku Earthquake

Tsunami, Coastal Engineering Journal

-



Background
BSLR —> Static change
m\Wave Climate (+Storm surge) ==) Dynamic change
®Historical study
v Observation Menendez, Mendez (2008)
v'Hindcasts Wang and Swail (2000)

Swalil and Cox (2007)
Weisse and Gunther (2007)

® Future projection
v Statistical projection
- Regional Mennendez, Mendez et al (2011)
- Global Wang and Swail (2006)

v'Dynamical P in Global Mori et al.(2010)
Hemer (2011)

Guenther (2011)
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Methodology
Wave Climate Projection ;
1. Direct wave simulation for wave climate projection
®Model GCM -> Spectral Wave Model
v'1 model (MRI-AGCM-3.1S), 1 scenario (A1B)

®Target  Projection of averaged and extreme wave
climates at the end of 215t century

2. Discussion about understanding future wave
climate change

® Analyzing climate indices and tropical storms

3. Modeling of future tropical cyclone activity
®CMIP3+some CMIP5 ensemble




Summary of Future Projection

®\Wave climate change
®Mean wave Clear dependence of latitude
v Increased: mid-latitude westerlies and the Antarctic sea
v Decreased: the Equator and some area of mid-latitude
®Extreme wave Different from mean wave climate change
v" Slighted increased  in winter at middle-higher latitude
- Polar storm relates winter storm activity
v" Increased significantly in summer at middle latitude
- Tropical cyclone dependence at mlddle Iatltud.e
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Summary of Future Projection

WPolar wind system

W Future tropical cyclone

®TC Intensity
v'Increased about 15 hPa higher than 20 degree in latitude

®TC Tracks
v'Shift 2-3 degree in longitude to center of ocean basin

® Future tropical cyclone and related extreme waves will be
related with future NINO SST change.

Future TC change is very sensitive to model itself,
resolution, in
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20km resolution GCM+Wave Model
Mori et al. (2010) Hydrological Research Letters and etc

DIRECT WAVE SIMULATION
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MRI AGCM-3.1S+SWAN

Present 1979/01 2003/12 25yrs
Near Future 2015/01 2031/12 25yrs
Future 2075/01 2099/12 25yrs
m GCM
® Scenario: A1B
® SST: CMIP3

® Grid size : 20km
® Time step : 6 min

W Spectral wave model
® Delft SWAN version 40.51AB




Averaged Hs: Future-Present

Period averaged: Future - Present
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Extreme Wave Height Change

50 yrs Return Period: Present Climate




Extreme Wave Height Change

50 yrs Return Period: Present Climate




Future Change of Extreme Hs
Winter at NWP

Event # —10.2% —37.8% —32.4% —7.8%
50yrs (A) —2.2% (A) + 0.0% (A) + 5.3% (A) +1.4%
Change (B) —4.3% (B) +0.0% (B) +6.9% (B) +1.1%

significance (A) No (A) No (A) No (A) No

level (B) No (B) No (B) No (B) No

(95% level)

*(A) Annual maximum
*(B) Peak-over-Threshold
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Extreme value analysis is
applied after Mann-Kendall test




Future Change of Extreme Hs
Summer at NWP

Event # +33.6% +23.4% +218.8% +10.1%
50yrs (A) +21.1% (A) +23.1% (A) +61.5% (A) +13.9%
Change (B) +20.9% (B) +23.5% (B) +63.2% (B) +17.7%
significance  (A) Yes (A) No (A) Yes (A) Yes
level (B) No (B) No (B) Yes (B) Yes

(95% level)

*(A) Annual maximum
*(B) Peak-over-Threshold
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Extreme value analysis is
applied after Mann-Kendall test




Case Study
Winer / Northwest Pacific

WHY WILL WAVE FILED BE
CHANGED?
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Future EOF - : Future EOF
mode change of Multgr?glrrseiilson mode change of
dSLP y Hs

Future change of
indices (WP)

Hs Future Change (DJF) : [%a]

Time Coefficient
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Projection of Future Change of Hs
from EOF analysis

GCM : Hs Future Change (DJF) by Top 1 EOFs : [?a]

~ - . 7
i 7 =k ; &
e - /
Fo o A
—— e - ,
g
*

_— -

Direction computation

Future change of Hs from 18
mode of EOF

BWP-dSLP-Hs show good relation for future wave projection




MRI-AGCM3.1S
MRI-AGCM3.2S

CGCM3.1(T63)...Canada
CSIRO-Mk3.0...Australia
CSIRO-Mk3.5...Australia
ECHAMS5/MPI-OM...Germany
GFDL-CM2.0...USA
MIROC3.2(hires)...Japan

Summer / Northwest Pacific

WHY WILL WAVE FILED BE
CHANGED?




Future change of
Cyclogenesis #l/yr
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Multi Model Ensemble
Cyclogenesis Location Shift

Present cyclogenesis centroids at each basin and future change vector
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* In this figure, future change vectors are 5 times larger than actual change.

Future TC centroids will be moved toward

center of ocean basins.
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Stochastic Typhoon Model

STM
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We use relationship between previous time step value and its change rate at each

location based on principal component analysis (PCA). The first order Markov process
Is considered




Future Change of TC’s
the end of 215! Century

min Pressure at
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TC Shift and EI-Nino
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Summary of Future Projection

m\Wave climate change
®Mean wave Clear dependence of latitude
v Increased: mid-latitude westerlies and the Antarctic sea
v Decreased: the Equator and some area of mid-latitude
®Extreme wave Different from mean wave climate change
v" Slighted increased in winter at middle-higher latitude
- Polar storm relates winter storm activity
v" Increased significantly in summer at middle latitude
- Tropical cyclone dependence at middle latitude

M Future tropical cyclone
®TC Intensity Increased about 15 hPa higher than 20 degree in latitude
®TC Tracks Shift 2-3 degree in longitude to ocean basin center

®Future tropical cyclone and related extreme waves will be related with
future NINO SST change.




THE END
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Projection of Future Coastal Environment
Target of Our Project

Average or
Extreme ?

Scenario ?
Model ?

SLR

Future

Wave

Climate



Averaged U,,: Future-Present

Period averaged: Future - Present
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Extreme Wave Height Change
50yrs return period

epd-SPOA-50yr-return-3%-POT

Present Future

Extreme analysis: Annual maxima and POT
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Correlation of Monthly Averaged ASLP-Indices/#
(NCEP/NCAR 1951~20004) e

Correlation between WP and SLP Gradient (NCER/NCAR 1951-2000 DJF)

BASLP In winter relates
WP and correlation has
longitudinal band
structures in the North
Pacific Ocean




Future Typhoon Intensity Change
Present - Future

Peviod averageihPa) TutureChance Fangeddeg testld




Future Typhoon Numbers Changel/yr
Present - Future

TheMNumber[#~1) TuhweChange Rangedder teetld

-2 -1.5 1 -0.5 0 0.5 1 1.5

MRI-AGCM-3.1S




STATISTICAL MODELING OF
FUTURE EXTREME TC
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Projection of Future Statistical TC
Properties for STM

B Multi-model ensemble

mAssumptions: Only following TC
properties will be changed

CMIP5 (KAKUSHIN)

® Static MRI-AGCM3.1S
v'Global cyclogenesis number MRI-AGCM3.2S
v'Centroid of cyclogenesis locations | CMIP3
v'Centroid of cyclolysis locations CGCM3.1(T63)...Canada
: CSIRO-Mk3.0...Australia
®Dynamic CSIRO-Mk3.5...Australia
v'TC developing area shift ECHAM5/MPI-OM...Germany
- Pressure GFDL-CM2.0...USA
- Moving speed MIROC3.2(hires)...Japan
- Direction

v'Pressure change in middle latitude




Stochastic Typhoon Model

STM
®Monte Carlo method (MC method) 8
®Principal Component Analysis(PCA) .

Modeling target TC properties
®Moving direction

®Moving speed Input value /2’\\

®Minimum Central Pressure ¥ , |
" out
2D-PDF based on PCA J "'
 df/dt 1. dﬁ x

dffdt = S(f,)

We use relationship between previous time step value and its change rate at each
location based on principal component analysis. The first order Markov process is
considered



Cyclogenesis #/yr
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Model Validation
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Only 5000 samples are shown in the figure



Future TC landfall # — Japan —

 Mean landfall TC/year
» Present clim

5.0 (2.3) |
S 42(2.1)..

»TC-Al1B-M
»Only genesis# 4.4 (2.2)
> Mean MCP mean its 005

» Present climate 982 (23)

> TC-A1B-M f0hPag73 (22) “
> Only Ap 974 (22) "

| Landfall humber PDF

B Prcsent
<:| B TC-A1B-L
I TC-A1B-M
| Il TC-A1B-H|

Center pressure PDF
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