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Impact assessment studies in DPRI

It is required to assess the impacts of extreme weather in future
environment.

The DPRI is conducting a comprehensive disaster estimation using the
output from very high resolution JMA/MRI AGCM (AGCM20, 20-km in
spatial and 1 hour in time resolution), which is running under the
KAKUSHIN Program (Innovative Program of Climate Change
Projection for the 21st Century) of MEXT (the Ministry of Education,
Culture, Sports, Science, and Technology, Japan).

In this presentation we introduce a procedure to assess impacts of
strong Typhoon emerged in the Global Warming experiment
conducted by MRI.
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Identiicat on method

letal damage due to extreme
| three factors, strength of the
ential loss of society and the

)
»

ex (DEPI), I(n), is a measure of the

ty.
be displaces by precipitation for rain

(i, 1), j.k)u, j.k)

u(i, J, K) is the wind speed at the location (1, J) with historical order K.
(i, J) is a weighting function of location (I, J) reflecting potential loss.
q(i, J, k) is a weighting function of ranking k at (1, J) reflecting
vulnerability.



Top 7 Wcale event

DEPI @ person building
rank | event —
SCOr€ ' death injured damaged | flooded
typhoon T9119
1 Sep. 1991 689 62 1,499 | 107,447 22,965
typhoon T7920
2 Oct. 1979 560 111 478 7,523 37,450
snow storm
3 Mar 1979 516 20 153 4,725 184
typhoon T8210
4 Aug. 1982 461 95 174 5312| 111,902
snow storm
5 Feb. 1994 327 5 54 372 92

All of them are recorded as a significant event in the reports published by the

government agency.




Extreme event in AGCM20 future
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The highest DEPI event in the future climate is a typhoon.
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If typhoon track shifts ...
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Model settin S
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Model domain

AX=5km 453 x 453 x 50 grids



Simulated typhoon tracks

M

\, Y

NN
2 V& < &5

WA AN

N WA NN

(B \ &

J
'\IJ AR

-~ Ll \

s SeumeaaW

T S —

. ,.'. i //ﬁ'c. ~ /.,I

D

-

-

AN




Initial data modification

If the typhoon's initial position can be shifted to various locations,
typhoon track is expectedgtie be shifted as a result.

2093/08/30 06:00



Data input procedure
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: The higher potential vorticity area is
PV Sh |ft shifted to another area.




And then meteorological field
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control

100km eastward

8°N

36°N

42'N : 42'N _
’r4
p
B
2 2
- 40°N Bty 40°N Ao,
a2 f;' s Yo ; «‘"’ a2
g e A\
b o i\
% 38'N . . ; 38'N éﬂ
i(.; ¥ % 1(‘1 (. : v[.;
36°N 36N (s
b 2% 3 3
L o
: e ; > . :
2 i - 0 > }
2 34'N 5

34°N f"

34°N '.a-

32°N

32°N

32°N

30°N
136°E

138°E

142°E

920 930 940

980

30°N
136°E

138°E 140°E

142°E

hP:

930 940 950 960

980

30°N
136°E

138°E

142°E

hP: ‘
920

930

970

980

hPa






Simulated typhoon tracks




Which track is the worst?

Which track is the
“worst track” for the
central Tokyo?

The maximum wind speed
in the central Tokyo
during typhoon period is
estimated every track.

“worst track” is
determined as the
maximum of the
maximum wind speed.
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Probable maximum
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Track and wind speed
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Track and precipitation
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AdLIOI O RIVElr U 1ar e L
Precipitation Output (Tone River
Basin)

- Yakatahara (16
- Yattajima
- Tone-Ozek

Yattajima (/\35)
Design Flow Rate:22,000 m3/s (200years)




At the Yattajima
Station:

*+00 y+00
e —
¥+01 y+06 —
x+02 y+07 —— 13,540 ton/sec of Peak
el Discharge with the original

route of the Typ.

Over 45,000 ton/sec of Peak
Disch. with the modified routes.
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# Dam operation for flood
control is NOT included in the
given results!!
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Virtual-realization
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Summary

KAKUSHIN

[dentification method of both meteorologically and sociologically
extreme sy IC scale event has been developed. The extreme
typhoon In the future climate is identified from AGCM20 outputs.
Dynamical@@wWnRsealing with vortex relocation has been conducted
to estimate its probable maximum wind speed and precipitation.

Quantifying both probable maximum damage and its
probability i1s important in the impact assessment.

This study does not touch the probability this typhoon event
occurs. It should be emphasized that the scenario based
discussion may help to consider the countermeasure to the
disaster beyond the design base.

Al e
DPRI-KU

To realize this, it is important to prepare a physically
based scenario by the physically based virtual shifting
of typhoon's track and the dynamic downscaling.
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Thank you for your attention
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Disaster due to typhoon

Typhoon is one of the most hazardous meteorological disturbances
affecting Japan.

AGCM20 resolves lots of typhoons in the northwest Pacific Ocean.
However, in the impact assessment studies, strong typhoons do not
necessarily have severe impact on our society.

For example, If the climatologically extreme typhoon approached
the area where nobody lives or any social infrastructures do not
exist, there would be few social impacts.

In order to estimate the impact of extreme weather, we propose a
new index.



Identification method

age due to extreme weather
0rs, strength of the extreme event,
potenti / and the vulnerability of the society.

X (DEPI), I(n), is @ measure of the

DEPI e displaces by precipitation for rain
hazard
1(n)=>">"p(i, j)ai, j.k)u(i, j, k)
ij K

u(i, J, K) is the wind speed at the location (1, J) with historical order K.
(i, J) is a weighting function of location (I, J) reflecting potential loss.
q(i, J, k) is a weighting function of ranking k at (1, J) reflecting
vulnerability.




p(i, j)ai, j. k)ui, j, k)

Since th tic-scale meteorological event over
erally about from 1 week to 10 days, wind
each event can be assumed to have an

H9YS reference time of event n=1

m/s | time n

1 [30.2 |1991/09/25 04:00 11

2 |[30.1 |1991/09/25 03:00 1
1991/09/2 3 |29.9 |1986/08/02 09:00 2
1991/09/25 04: : 4 (29.7 |2001/07/12 16:00 3
1991/09/25 05:00 29.3 ey 5 | 29.3 | 1991/09/25 05:00 1
1991/09/25 06:00 21.9 6 |29.2 |2001/07/11 22:00 3
1991/09/25 07:00 17.1 . A
1991/09/25 08:00 11.8 ko |28.1 |1987/02/21 18:00 311




= U(i, j’k)_u(i’ j’ko)

u(i1 j’ 1)_u(i’ j’ko)




How to define function p(i, j) ?

A number g relatively expected to be larger in the urban
area than in rura observed strong wind speed is same.

p(i, ]) is defined by the population as an proxy of sociological parameter.




Performance verification

Before identification of an extremely disastrous synoptic-scale event
from outputs of AGCM20, it is necessary to verify the presented
method can detect disastrous events actuary occurred.

For this purpose, ground based surface meteorological point data are
converted to horizontally homogeneous distributed grid data, and
then DEPI estimated from those grid data is compared with
magnitude of damages ever recorded in the reports published by
government agencies.

In this study, hourly AMeDAS observation data from 1979 to 2003 are
used. This 25-year period is consistent with the present climate of
time-slice experiments conducted by AGCM20.



Top 7 Wcale event

DEPI @ person building
rank | event —
SCOr€ ' death injured damaged | flooded
typhoon T9119
1 Sep. 1991 689 62 1,499 | 107,447 22,965
typhoon T7920
2 Oct. 1979 560 111 478 7,523 37,450
snow storm
3 Mar 1979 516 20 153 4,725 184
typhoon T8210
4 Aug. 1982 461 95 174 5312| 111,902
snow storm
5 Feb. 1994 327 5 54 372 92

All of them are recorded as a significant event in the reports published by the

government agency.




Damages and DEPI (wind speed)

buildings
damaged

Roughly log-linear relationship can be seen between DEPI values and
numbers of damaged buildings and injured persons. Since DEPI values
have been estimated from wind speed, humber of flooded buildings is
not correlated.




Damages and DEPI (3-hour precipitation)

buildings
damaged

3-hour
precipitation

s DEPI

Number of flooded buildings is well correlated with DEPI estimated
from 3-hourly precipitation.




DEI estimation from AGCM20 data

It is reasonable to suppose that amount of damage can be roughly
explained by DEPI. It can be concluded that an extremely disastrous
synoptic-scale event is able to be determined as the highest DEPI.

This method is applied to AGCM20 outputs.

Input data: hourly wind speed
Present climate: 1979-2003
Future climate: 2076-2099



DEPI estimation from AGCM20 Data

7 The maximum DEPI during
=5 he future climate period is
AGCM20 pue P
g% Future larger than that in the
z & Al utu present.

DEPImax < DEPImax
present future
This result indicates
the extreme synoptic-scale
event in the future climate is

stronger than that in the
present.

Frequency count distributions
of synoptic-scale events
classified by DEPI
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The highest DEPI event in the future climate is a typhoon.
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Ertel’s Potential Vorticity Inversion

Ertel’s Potential Vorticity

{ Balance Equation
0’ *¥ (%)
ox> oy® | oxoy

vzcbzv-fvxhz{

unknown: CD(geopotentiaI), ‘P(balanced wind steam function)



EPVI (cont.)

given: (Diiﬁi()tential)’ \P(balanced wind steam function)
Ert otential Vorticity

Balance Equation

2 i( Vo=V Wﬂ{ach 62\1’-(82‘{') } )
dt >

aXZ ayZ

0; (potential vorticity),
unknown: A (irrotational wind), @ (vertical velocity),

q)t(geopotential), \Pt(balanced wind steam function)



EPVI (cont.)

EPV tendency

0; (potential vorticity),
unknown: A (irrotational wind), () (vertical velocity),

CDt(geopotentiaI), \Pt(balanced wind steam function)



EPVI (cont.)

V?(thermody namic eq.)— f ai (balanced vorticityeq.)— 9 (e)

14/ 85 ( Vi1 )}rvz[?;q; coJ

on

T

2 2 B 2
9 6‘P8_w+6‘P8_w+f8_77l/K 1_fa_7za)
o\ Oxomr OX oyor oy ot =« on

T

0 0 02y do
=V3(V. -VO)+ f—(V.-Vn)-—(J)-Vf -V +V?
Vor50)+ 12 v, )= 2 0)-vr 5| 20 v &)

Iversen and Nordeng (1984)

0; (potential vorticity),
unknown: A (irrotational wind), () (vertical velocity),

CDt(geopotentiaI), \Pt(balanced wind steam function)



EPVI (cont.)

mass continuity

J; (potential vorticity),
unknown: A (irrotational wind), () (vertical velocity),

CDt(geopotentiaI), \Pt(balanced wind steam function)
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