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1. Introduction

Program for Risk Information on Climate Change

(Sousel Program)
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Sousei Prog ram Sousei Theme-D: Precise impact

assessments on climate change

Stabilization impact
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Key issues in SOUSEI-D

Precise impact assessments onglimate change

« Generating PDF of extreme ‘values with higher aceuracy

 PPE(Physics Parameter Ensemble) /' SST ensemble to
estimate uncertainty

» Use of regional.scale model (RCM) to reduce local
biases

* Proposing@adaptation and mitigation philosophy

 Projection of probabilistic risk

e Estimation of worst class cases
SOUSEI




2. Worst case scenarios

Program for Risk Information on Climate Change

(Sousel Program)




Background

B Extreme events, such as Heavy rainfall and high
winds under typhoon conditions, strongly depends
on its track and intensity.

B However, the number of the actual severe typhoons
are limited.

B Therefore, to increase the number of extreme event,
we generated a lot of severe typhoons artificially.

@
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What will happen if the track changes ?

50°N

40°N ¢

30°N

SOUSEI

120°E 130°E

Relocate the initial position of typhoon core
AUG 2093

140°E 150°E

Typhoon bogus relocation by PV

Potential vorticity (PV) _
vxV+Q)eve  (Ishikawa et al. 2013)
q =

yo,




. “Typhoon Vera (1959)

Typhoon Vera (Isewan Typhoon)

15915 Category 5 Typhoon
Formed September 20, 1959
Dissipated September 29, 1959 "
Highest winds 305 km/h (190 mph)

SOUSEI

Lowest pressure 895 hPa

Distributed Hydrological
Model (Hydro-BEAM)

l/ input rain (rainfall+snowmelt

)
d I Surface runoff
/\{/Subsuﬂace runoff

Multi-Track Typhoon Simulation ul \ L

Model WRF/ARW3.1.1 Tlf_f'/{ e

Mesh Size 379x379x50 (Regional 3km) s o

Start Time September 24, 195912 UTC

End Time September 28, 1959 00 UTC Resolution
Initial/Boundary JMA-NHM (6h) 1km
Method Potential Vorticity Inversion method*

*Davis and Emanuel (1991) Mon.Wea.Rev.,119:1929-1953.

*Yoshino et al. (2003), Annuals of D.P.R.I. Kyoto Univ., 46: 423-442.
Track Number 17 (Course 1 — Course 17) Model Hydro-BEAM

Cumulus Scheme None Mesh Size 1km (Interpolated by IDW method)
Cloud Microphysical Scheme WSM 6 12y ol P 31 30643275

Boundary Layer ~ Scheme MYJ Level2.5 Input Data - 30min Precipitation (from WRF)

Pseudo Global Warming method

GCM MRI-AGCM3.2S (Global 20km) SRES-A1B
Data Average Air temperature (Sep.)
Delta = Future (1979-2003) - Present (2075-2099)

Output Data 60min Average River Discharge

Reservoirs None***

***Lake Biwa's Outlet Weir is considered (Close)
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Worst case for river discharge

The worst case for river discharge (Max. of Peak
discharge) of each river basin was caused by
Course 9 and Course 10 typhoon under the

1 I T I
45 ©
VE;E"; i
(R SR A

Future
228  Present
*, "'..
Course 9

130 135 140 145
L 1

Max. 34.4 mm/h
Total 179.6 mm
Peak 16,035 m3/s

By
Course 10 1335 134 1345

Max. 38.3 mm/h (+11%)
Total 189.1 mm (+5%)
Peak 19,369 m¥/s (+21%)

| T Total 148.7 mm
1335 134 1345 1 Peak 19,061 m3/S
5 P A\

present.and future climate condition respectively.

355+

Max. 30.0 mm/h

34.5

T T T T
135.4 1356 1358 136 1362 136.4

Max. 33.8 mm/h (+13%)
Total 157.3 mm (+6%)
Peak 28,252 md/s (+48%)

(
345 B ’
|
1354 1356 1358 136 1362 136.4

»

RL‘ T T T T T T
136.8 137 1372 1374 1376 1378
Max.  29.5 mm/h
Total 149.9 mm
Peak 19,987 m3/s

K

34.2
b, | B 13‘63 11‘57 13‘7,2 13‘74 13‘7,5 13‘7,8
Future o Max. 40.1 mm/h (+36%)

Total 170.4 mm (+14%)
Peak 28,072 m¥/s (+40%)

Total Precipitation (mm)

SOUSEI



Summary 1: Worst-case scenarios

B Worst-case scenarios for natural disaster
assessments:
> water-related disasters, coastal disasters, wind
disasters, eco-system disasters

B Not the sole worst case, but multiple worst scenarios
» Generally typhoons cause multiple hazards
simultaneously
« flooding +_high winds + high waves

The complex disaster research sub-group is
now discussing about this multiple worst scenarios

SOUSEI



3. Show and water resources
in Japan

Program for Risk Information on Climate Change
(Sousei Program)




Precipitation and Snow in Japan

Annual Total Precipitation

1744.7 mm (1981-2010)

Designated Areas of Heavy Snowfall

7,5000km2(20% of total land area)

Special heavy
snowfall area

[ Bl
] =Zws

Heavy snowfall area

190,000km2(50% of total land area)
20 Million people (16% of total population)



ver)

JUN

S

300

200

100

0

0l0¢
G00¢
000¢
G661
0661
G861
0861

MAY

-y

APR

Aok

300

300

200

200

100

100

0

0

010z "\
5002
0002
G661
0661
G861
0861

010¢
G00¢
000¢
G661
0661
G861
0861

MAR

il

00

00

00

0

0l10¢
§00¢
0002
G661
0661
G861
0861

pr
O
D
_I
N
)
(@)
e
(O
=
O
@
o
L
Q
>
ad
i)
Q
>
g
)
0]
@)
o)

FEB

o

JAN

i

300

300

200

200

100

100

0

0

010C
G002
000¢
G661
0661
G861
0861

010¢
G00¢
000¢
G661
0661
G861
0861

DEC

e

NOV

e

OCT

i

SEP

"~

AUG

IR,

JUL

o

300

300

300

300

300

300

200

200

200

200

200

200

100

100

100

100

100

100

0

0

0

0

0

0

010¢
G00¢
000¢
G661
0661
G861
0861

010¢
G00¢
000¢
G661
0661
G861
0861

010¢
G00¢
000¢
G661
066
G861
0861

010¢
G00¢
000¢
G661
0661
G861
0861

010¢
G00¢
000¢
G661
0661
G861
0861

010¢
G00¢
000¢
G661
0661
G861
0861

)
=
2]
©
)
—
O
=
L
—~
fo!
)
LL
_
c
©
_J
~—
=
O
—
—
)
s
=

May) is decreasing.

flow (Apr.

Spring




Impact Assessment of Climate Change

MRI-AGCM3.1S5/3.2S

Global Scale y, >& Regional Scale. ! §>

y960=N90 B . 20kn1reso|unon
S N river basin
classification

y0=S90 ‘| »

x0=EO0
E180

developed by
Meteorological Research Institute (MRI)

X960=

i Future
Japan Meteorological Agency (JMA) climate
Horizontal resolution: 20km * conditig
Present
climate
condition

| |
1979-2003 2015-2028 2075-2099

v

% 25-yr time slice simulations



Muilti-model ensemble simulation

| Ishikari — MRI-AGCM3.2S
—— CMIP3 (A1B) Max/Min
---- CMIP3 (A1B) Mean

O Annual Maximum
(Flood)
Q Annual Minimum

(Drought)

Relative Change
(Future/Present)

Yoshino -

Chikugo;

T

Annual Average Flow
(A1B: MRI-AGCM3.25)

S
) %
Sato et al. (TAO2012;HP2013) — KAKUSHIN
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40%

Annual Maximum Flow

A2 mAlB 1 Bl

- >10~20 %
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Flood and Drought in the Future
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140%
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100%
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Annual Minimum Flow
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> 10~40 %
decrease
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Chikugo




Change of Monthly River Discharge

5o - Ishikari
200%
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Study Area (9 —109 River system)

D/

KAKUSHIN

'MRI-AGCM3.15/3.2S (A1B) {

CMIP3 (A2/A1B/B2)

MRI-AGCM3.25
(RCP8.5)

GCM output
(MRI-AGCM 3.2S)
Precipitation
(precipi)
hourly
A, l l
Evaporation | | Transpiration Rainfall Snowmelt
(evpsl) (trnsl) (presl) (sn2sl)
daily claily daily daily
A l
Evapotranspiration Input rainfall
hourly hourly

Hydrological model (Hydro-BEAM)

dB 1

45-

109 River System

AL |
130 135

I I
140 145



Projected Climate Change (RCP 8.5)

45

40+

35

Temperature

1979-2003

45

40

354

: T T T —
130 135 140 145
Temperature
2075-2099

I
145

Temperature Change
(2075-2099) -(1979-2003)

4.9

SOUSEI



Monthly rainfall and snowfall

Rainfall Snowfall

Rainfall Change
(2075-2099) - (1979-2003) Snowfall Change

JAN FEB MAR (2075-2099) - (1979-2003)

FEB MAR

135 140 145 130 135 140 145

200 MAY JUN
160 20
120 -20
80 -60
40 -100
130 135 140 145 B0 135 140 145 a -140

-40

-180
-80

-220
-120 451
-160
2o

354

SOUSEI
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River discharge
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River discharge
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River discharge
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SOUSEI

T
145

600

500

400

300

200

100

600

500

400

300

200

100

45

ocT

45

NOV

.
130

T
140

T
145

18
16
14
12

08
08
04
02

18
16
14
12

08
06
04
02



Impact of climate change on river discharge

36.6

36.44

.~ | Tedori river basin

36.24

'\+ 5~
" Ohservatory = GCM output point oy ©

136.2 136.4 136.6 136.8 137

@ SRES Al€ RCP8.5

= SOUSEI
KAKUSHIN Future-Present == AGCM(1979-2003) == AGCM(2075-2099)
150 -~ = AGCM (1979-2003) 150 r
—o0—AGCM (2075-2099)
100 +
B 100
©C 50 | =
£ £
0 50 |
-50 L
zZ o > A [ T 0 ettt oy |
- . = o = = O
S £ % 5 8§ ¢ 5855553283338



' Summary 2: Snow and Water Resources

As the rise of air temperature, Therefore, we have to reconsider

1. Flow regime

2. Snow period
3. Amount of snow "‘

=

. Water allocation (Water right)

Reservoir operation rule

3. Snow removal plan for airport,
railway and highways etc.

4. SKki resort business

N

will change significantly.

to mitigate the impact of the
climate change.

SOUSEI



4. Projected Climate Change in
Taiwan

for TCCIP Workshop 2016




River Basin Modeling

. Total area selection

\)

. Basin area determination

J

. Flow direction determination
J

. Flow direction modification

J

. Flow direction map

l

. @) Land use classification

b) Slope angle determination

Input data preparation for basin modeling

1.Boundary

3.Elevation



-E______Ievation Data

SRTM-30

California nology 7

JPL HOME m SOLAR SYSTEM STARS & GALAXIES TECHNOLOGY

v

Home News Mission | Instrument | DataProducts | Multimedia Outreach |  En Espanol

http://www?2.jpl.nasa.gov/srtm/



Basin boundary data

. _ ArcGIS .o
Global Drainage Basin Data Base

(GDBD)

Center for Global Environmental Research (CGER)

National Institute for Environmental Studies

http://www.cger.nies.go.jp/db/gdbd/gdbd _index_e.h
tml

© Accags OSite Map

! iosm Center for Global Environmental Research

for Envi Studies

fHome [ Aboutus || climate change ResearchProgram | Activities Gl ety on—y

= ' W
!@Dminage Basin Dd@bose‘@m N . t" ;e
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Selected River Basin in Taiwan

0 Tanshui Riv.
e
25 L % -
24.5 / -
| Choshui Riv
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23— i =
e Kaoping Riv. | |
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Air temperature (RCP 8.5)

Present
(1979-2003) Future (20/5-2099) - Present
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22.54

T I T
120.5 121 1215



Precipitation
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22.54
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T I T I
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River Discharge
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Impact of climate change on river discharge

Tanshui Riv. Present Future Relative Change (= Future/Present)
1979-2003  2075-2099 Average Maximum Minimum

150
100000 100000 .
Ave Max Min
100 - | 10000 10000 40% .. - . v 0%
1000 1000
50 |
100 100 2% 20%

0 . ‘\ =ty \1."l1\_| |1-¥-; b 10 10

1 1 + ‘
1 91 181 pxss 361 91 181 mn 361
-50

Jan Mar May Jul Sep Now E

0%

2900, o

BN F - P —0—P: 1979-2003 —o—F: 2075-2099 |
-40% U - : -40% e U -40%

Choshui Riv. | e

300 A - \ -
Ave Max
Stid - |— 0% | 1 40%
{ 10000
100 o 20% 20%
100
0 _._Eu._g-._g_‘i ".il'_i-‘ | 0%
- 10
-100 1 + 1 . R, -20% -20%
1 o1 181 mn 361 1 91 181 27 361
Jan Mar May Jul Sep Nov
B F - P —o—P: 1979-2003 —o—F: 2075-2099 -40% w9 -40% -40%
‘ 1 91 181 271 361 1 91 181 271 361
Kaoping Riv.
400
200000 100000 y s o
300 |
10000 10000
20% 20% |
200 |
1000 1000
100 | | 100 100 Dk 9%
0 |—f—tf—p-i ..u;_..:—.—‘ 10 i
- -20% -20%
-100 4 1 " 1k N
1 a1 181 271 361 1 91 181 271 361
Jan Mar May Jul Sep Nov -40% _20%

EENF - P —0—P: 1979-2003 —o—F: 2075-2099



River Water Temperature

Present Future
(1979-2003) (2075-2099)




Ecosystem and River Water Temperature

255

25

Tanshui Riv.

-

C‘hoshw Riv.

24+

23.5+

23

22.5+

Kaoping Riv.

River water temperature

30

MSIF-P —0—P: 1979-2003 —o—F: 2075-2099

River water temperature

30

10 |

~ ©

Maximum standard length (cm)
(4]

Sweet fish size

Sea ¥y =11.2-0.291 x
. r =-0.794, P=0.004

Y. Tago (2004)

Water temperature ()

*Broken line indicates LT50 (50% of
population can not survive) level water

temperature for sweet fish

I I I I
120.5 121 121.5 122

=0=P: 1979-2003 —o—F: 2075-2099



Summary 3: Hydrological Impact of CC

® 3 River basins in Taiwan was modeled for
assessing hydrological-impact of climate
change.

B Land-use data and reservoir operations
models are not included.

B Parameter calibration is not conducted

B We are\veky happy to collaborate with
hydrology research groups in Taiwan

SOUSEI



5. Conclusions




Concluding Remarks

B The MRI-AGCM gives a realistic extreme hazard projection (e.g. Max.
and Min. discharge) at the river basin scale in Japan and Taiwan.
(such as steep mountainous small Island).

B For the precise impact assessment and to reduce the uncertainties,
improvement-of the future climate projections and hydrological model
simulations are still needed.

(i.e. ensemble simulation and DDS, SDS are needed)

B [tis very important to discuss about a worst-case scenarios for
hazard and disaster risk management under climate change.



Outlook SOUSEI Program for 2017

N SO USE Program for Risk Informati@n
,dﬁ on Climate Change
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2032

natural disasters, water resources and ecosystem
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Appendix




Risk assessment of meteorological disasters

[Climate model output (GCM, RCM) (CMIP5, Kakushin, Sousei)]

Statistical
n, \ l:’ downscaling

Information 4@

Dynamical

7/ \Worst-case
scenario

«Sufficient resoelution for engineering assessment

*Probability information based on ensemble simulations
*Meteorological disaster risk in worst-case scenarios

Socio-economic impact assessment

@

SOUSEI



Risk assessment of river disasters

Precipitation Input based on.Various Scenarios

-
“\‘

! River Discharge

Estimation with Multiple
- Hydrologic Models

IR

Flood'& Thundation » Economic

Depth Estimation - Loss
with Inundation Models »  Estimation
>

\\ i

= ™ Storm Surge =

Sedimentation and
Land Shlide Estimation




Advantages of High Resolution Model

Higher resolution model can make possibleyprecise impact
assessment of climate change. (rix€r basin scale)

TOURIIE QRESUHIOH S
. River basin mask in 10 kind (GCM20km) _,_JRiztd . URMORY adCEu . : e ISS-EH .

an s
INM-CM.
asx N - - %
) wl L
e -
sor
- K
4/
M
-
o} RRNRRES m
1| B 2

r - - | P
~ IPCCARS (2013) IPCC AR1 (1990) approx. 500km
approx. 20km IPCC AR2 (1996) approx. 250km

IPCC AR3 (2001) approx. 180km Q
IPCC AR4 (2007) approx. 110km

SOUSEI



IPCC AR5

RCP (Representative Concentration Pathways)

Radiative Forcing y/m?

10 | ]
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7 | ==~ SRES-B2 _a® =
- == SRES-B1 =
6 ;l_ncpsj g g = SRESA1B
5 | " =~ —— _—':;;:- =
s |=—=rcras f g | RCP60
" | e RCP2.6 SRESB]., RCP4.5
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S 40 —RCPEO
S EE —RCP8.5
7 9000 EE 3.0 - ' +3.0
= =
& 8000 @ 2 20 -
g i B +1.5
£ 7000 o =
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Sub-groups in Group D

| Climate change impacts on natural hazards (Eiichi Nakakita. Kyoto U)

B i-a Metrological risk (Takemi, Kyot@Uy
B i-b River risk (Tachikawa, Kyoto U)
B i-c Coastal risk (Mori, Kyoto')
B i-d Risk management (Tatano,JKyoto U)
B i-e River gisk myglebal scale (Suzuki, PWRI)
il Climate change impacts on water resources (Tanaka, Kyoto U)

B ii-a Social-ecenomic risk (Tanaka, Kyoto,U)
B ii-b AntRropogenic effects (OKh ‘W, Tokyo)

12
25
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15

18
08

iii Change impacts on ecosystem and biodiversity (Nakashizuka, Tohoku U)

B jii-a Foresttand Yakeas, (Nakashizuka, Tohoku U)

B iii-b Soecialseconomic impact (Managi, Tohoku U)

W iii-c Impact in East and East-South Asia (Kumagai, Nagoya U)
B iii-d Coastal ecosystem (Yamanaka, Hokkaido)
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River basin modeling for Taiwan

for TCCIP Workshop 2016




Flow direction and routing
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Water Balance
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River Water Temperature
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Program for Risk Information
on Climate Change

Sousel Program

Akimasa Sumi, PD

(Program Director)

Spacial Advisor to MEXT
President

Thars A Atncephers 1 Cosan Ressarch nsitts =
T Lrivarsyy of Tasepo JOR)
Prediction and diagnosis

of imminent global climate
change

The coming global warming is unavoidable, and all
segments of eociety are seeking ways to adapt to it. In an
aﬁutlowudpmﬁig&r-lchmpmkmbnmmd

Climate change projection
contributing to stabilization
target setting
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o] ing climate
mmumm«umam In this

reepon fercing

changes in concentration of carbon dioxida,

(Rescarch Topcs)

Underst anding mechanisms of climate i'iﬂiD”W oa LHW

= Studies on

mwmw lcuw\mn

= Towards reducing uncertainty In model-based estimation of

climate sansmvty (National Institute for Environmental Studies:

NEES)

= Reduction of uncertainty In climate moods relsvant to cimate

SENSITVRY (JAMSTEC)

Development of an Integrated prediction system for gicbal
climate sudies

for seasonal-
|wmmmwwnum InSUtUte JMA
MRl

uC P of cata QY108

InfSial and boundary conditions AMSTEC)

_J

Thems £ MMSTEC

Promotion for climate change research and linkage éoordination

for effective

for forming common
= Support for WWWMW‘ -smmnmqmwmm wmmmmmm climate chag

may anies when the degree of .nmpogmc anvironmental
changes exosed a csrtain threshold as well as methods to
lower the average temperature of tha slrth artificially so as to
supprees the damage dus to warming (gecenginssting).
[Reasarch Topica]
Long-term giobal change projection basad on diverse scenarios
= Development of 8N 8arth system Moo OSHINg With vanations of
ngmuﬂ-. m-m efc (JAMSTEC)

of 80Cio -eConomic
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Ootaining sASNtE perceptions on large-scale m and
modifcations um
L] for
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Representative. MICHIO Kaaamlys
Project Managsr, JAMSTEC

Fujio Kimura, PO

Special Advisorto MEXT
Program Director
Researchi Institute for
Global Change, JAMSTEC

Trhems C: Unfvarsity of Truisda

Development of basic technos
logy for riskinformation
on climate change

m and Matscrobgy

Environme:
mmu”mn iominto

in climate prediction, w! used in different
applications of prediction data.
[Ressarch Topice]
climate ps 1 for risk

= Efficlent lnrclmln (National
Research institute for Earth 8clence and Disaster Prevention:
NIED)
L] data on
cimate mmn Instite of Statistcal ) mmm

In cost y of tor
mﬂl“l

m
Producing & standard climate Scenarno by using super high
rasoltion models
- of

method for and
o8 [ y of Taukubs)
® DoaTECaling of the change in fitture weather extremss by using
NigN-rEsoLON MOdes (MRI)

of a coupled
model for typhoon research (Hydrosphac Atmosphenc Ressarch
Center; Nagoya Unhersity. HyARC)

coordination of the program. A PO (program officed is@asigned 10 cach thems to aesist the PD in managing the progress of rescarch opics and adjusting reseerch plans, etc.

Hideo Harasawa, PO
Special Advisor to MEXT

jor
Center for Social and Environmental
ﬁgﬁsmnuwnh

Theme D Dlsastar Prevents
Kyt Univaraty (OPRLY.

Precise impact
assessments on
climate change

Fasaaroh Rstitats,

external forces cccur that exceed the existing facities plan,
nmdhmm\\‘nd&mbm

(CPRI-KU)

= RISk 259865ment of water-related disastars under climate change

(Kyoto Uriversity Graduate Schodt of Engheering)

= Risk 98 (OPRI-KU)

= Measuring socio-economic Impacts of climate change and
of (DPRI-KU)

l of rsk ana for
mﬂnuawnM(mmmmm
Cimate change ITpacts on water rescurces

= Assessment Of socio-economic Impacts on water resources and
their uncertainties under changing climate (DPRI-KU)

= Assessment of climate change IMpacts on Te sodal

change ITpacts on ecosystem and biadversity
= Assessmant of climate impacts on ecosystem and blodiversity
(Tohol Uriversity)
- of (Toholas University)

= ECo-Climate systém n northaastern Eurasia and southaastern Aslan
tropics: Irpacts of global cimats change (Nagoys Unhersity)

= Assessmunt of mulliple eflects of climate change cn coastal marine
@COSystem (HoKKaldo University)




Sousel Program, Group D

Precise impact assessments on climate change
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Impact Assessment >> Risk Assessment

Risk = hazard * vulnerability *exposure

B3

10EC IC
OCE

CLIMATE Vulnerability (
Natural ‘ Socioeconomic
Variability ‘ Pathways
\ Adaptation and
3 Mitigation
Anthropogenic Actions

Climate Change

A A\ EMISSIONS
and Land-use Change

Intergovernmental Panel on Climate Change (IPCC),
Summary for Policymakers (SPM)

Governance

Fifth Assessment Report (AR5), WG2
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