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Research Background

 IPCC ARG6 is planned to be
published in 2021

e Strong connection among
WGs are recommended
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An example of bridging study by using
global model results

* Here we show an example of bridging many
ensembles experiment (d4PDF) and impact
study.

* 100-year return periods wind and storm-surge
has been evaluated from d4PDF data.

* |t make use of O(1000) years sample size of
d4PDF data.



Global TC genesis frequency (d4PDF) O As the number of ensembles

The sample size is 6000 yrs.
in the present, and 5400 yrs.

In the future projections

A

Relative probability [%]

increase, sample number of rare-events
become large and we could get PDF.
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An application study by using d4PDF data

Storm surges In Regional distribution of
100-year return storm-surge / surface wind
periods ' > Tore Ty |

T B
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Future percent change in sea surface wind speeds (contour) and storm
surges (coast line) in 100-year return periods. The right color-bar shows the
range of sea surface wind speed change, the bottom color-bar shows the

range of storm surge change (unit: percentage).
(Mori et al, 2018 submitted)



Relationships between RCMs, ESD, and
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The influence of horizontal resolution
of the numerical model

 Why we need high resolution model?
— Here we confirm it, from Kanada and Wada (2016)

* To investigate the impact of model resolution
on simulated intensity and intensifying rate of
an extremely intense tropical cyclone (Cat. 5)
by using a non-hydrostatic atmospheric model

with horizontal resolutions of 20, 10, 5, and 2
km.

Kanada and Wada, (2016)JMS)J



Target: Typhoon IDA (1958)
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Catego ry D¢ Saffir-Simpson scale)
MCP: 877 hPa

MWS: 75m/s (UJMA)

Maximum pressure drop:

—93 hPa/24hr

09/21 09/22 09/23 09/24 09/25 09/26 09/27 09/28

1000
990
oo /“M“.
970 /
960 i
950 |
940 \
930 }-?
920 "

ERI | P

890 6
880 \‘10{, Daj courtesy digital Typhoon .
A Iook down into the eye of typhoon Ida by U-
Kanada and Wada, (2016)JMSJ 2 aircraft (September 2%) & g

1 courtesy Directorate of Scientific Services,Air Weather
b Service,U.S.Air Force.



Experiment designs

® Model: JMANHM (The Japan Meteorological Agency mesoscale model, Saito
et al. 2007) with horizontal resolutions of 20 km (NHM20), 10 km (NHM10), 5
km (NHM5) and 2 km (NHM2).

NHM20, NHM10, NHM5 NHM2
Horizontal grid size 20 km, 10 km, 5 km 2 km
Equations Non — hydrostatic and compressible
Domain 9400 km x 4600 km 3980 km x 2380 km

Time step 40 s, 30 sand 15 s 8s

JMA 55-year Reanalysis

Initial and boundary | (JRAbS5) dataset with
conditions hori%ontal resolution of NHMS

1.25" (Ebita et al. 2010)

Initial time 0000Z21SEP1958 0000Z22SEP1958

Kanada and Wada, (2016)JMS)J



Indices for TC intensity

MCP: Minimum central pressure (hPa)

Max. dCP: Maximum drop in central pressure (hPa 6 h™1)
MWS: Maximum near—surface wind speed (m s™1)

Max. dMWS: Maximum change of the MWS (m s1)

Obs
Model MCP Max. dCP MWS Max. dMWS
Best
— 877 —39 - -
track
JRADD 926 12 54.4 49
NHM20 940 6 42.2 5.6
NHM10 916 8 54.5 6.1
NHMb5 889 18 70.1 9.1
NoKFb 894 16 |x2 6738 8.1 :| X 2
— — - - B
NHM2 878 35 74.3 18.9

Kanada and Wada, (2016)JMS)J



Hourly precipitation at MCP stage
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Radial distributions of CBs and Vorticity

Color: radius—vertical closs—sections of vertical vorticity
Kanada and Wada, (2016)JMSJ Contours: Vr (positive values indicate flows to the storm center)
Bars: radial distributions of CBs
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Story-line approach by using RCM

 To overcome the limitation comes from GCM,
Schar et. al. (1996) has proposed “Surrogate
climate change scenario” for RCM.

* |tis now widely used in many researchers to
represent future climate change influence on
a specific phenomena.

e Someone calls it as “Pseudo Global Climate
Downscaling (PGWD)” scheme.

e As it focus specific phenomena, it can be
called as a Story-Line Approach.




Typhoon Haiyan’s case

* Next, we show an example of typhoon Haiyan,
a Cat. 5 typhoon hitting the Philippines Isls. in
2013.

* We try to do a Story-line approach, as shown
in the diagram in the next PPT.

* We compare with the NAT case, where climate
change after the industrial revolution has
been subtracted.

(Takayabu et al., 2015 ERL)



Story line approach (by PGWD)

ALL and NAT exps. of Haiyan

Initial condition
Singular-vector
method
51-member
ensemble

NAT L ALL

8SST (HadISST)
SATM(MIROCS)
GHG(IPCC-AR5)

Weekly Ensemble Prediction model 20km
WEP (60km)
v Modify
PGWD Downscaling
v Downscaling 51-member
NHRCM20 (20km) ensemble
v Downscaling
NHRCMOS (5km)
,l, Downscaling -
WRF (3km) ] 5km
@ Two way nesting 16 cac—-
WRF (1km)
,L Impact assessment -
Surge Wave Tide coupled model Validate the

(SUWAT) —>

impact of Haiyan

NAT: SST and stability is set to 150 years ago.

ALL:

Calc. has been done in present condition.

1km




Difference of strength of typhoon
Haiyan between ALL and NAT exps.

MCP MWS
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Difference of storm surge among ALL
and NAT exps.

l Max 3.8m (mean: 2.19m)
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(Takayabu et al., 2015 ERL)




Severe phenomena without an effect
of typhoon

* We finally visit a little bit the heavy
precipitation case occurs without any typhoon

* |f the strength of precipitation increases also
in such cases?

We introduce here a heavy precipitation
occurs in Summer Monsoon Season in Japan.



Hiroshima flood (Aug. 2014) =» Description paper.

Heavy precipitation without typhoon. SEN
For this case, AR interacts with HPVA, which 37
induced a heavy precipitation in a very local 36N

scale.

FIG. 12. Schematic representation showing the relationship be-
tween the precipitation event in Hiroshima (pink cross) and the
large-scale atmospheric field. The deep strucmre of the AR is
shown in blue. The COL and its associated dynamical ascent are
shown in brown. The trough and its dynamical ascent are shown in

red. The color of the bottom map represents surface topography.

Hirota et al, (2016)MWR

35N
34N
33N
32N
31N
30N
29N
28N

124E

126E

2

128E

3

130E

4

132E

8

[GSMaPv6] precipitation [mm/hr]

134E 136E 138E

12 20 28

14(

Land slides




Atmospheric Rlver (AR) and Upper Cold Vortex (HPVA)
MTSAT

B |/ TETESA ST S - <
SO *'GZE 100E 105€ 110E 115€ 120E 125E 1306

JRAS5 re-analysis data
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*m&g * Blue contour:10970m of 250hPa

(every half day starting from 1800 of 16 Aug.)
Hirota et al, (2016)MWR



WV in AR WV (from 800hPa to the TOA)
2014/8/19 14-197

RH[%] and circulation [m/s,hPa/hr]
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HPVA

® (Z250) anomaly [m] o . and Circulation anomaly
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Story-line approach of HIROSHIMA flood (Aug. 2014)

1

15000

5000

20000+

10000+

seudo-global
warning method
(PGW)

T, Aq, ASST,

Perturbation based on
Singular vector

These environmental

I changes have been | | 15000 I
derived form GCM I ___________________ ___________________ ___________________ _________

S|mulat|on (d4PDF)
N ......... 10000 _Neutra'exp.l ................ _________

; Water content (g/kg) | :
I S S— ] 5000 Temperaturel ................. _
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Here we use 6x=500m model and

catch the heavy precipitation event
6hourly

10.0

g (a) Present experiment
precipitation o %; ' '
patterns of = 5 s
HIROSHIMA flood - £
case. -

=

O = N

> Control experiment. _

0.4

2 4 6 8 10 12 14
Time (hour)

All ensemble cases (27)
=» We adopt all these
calculations to build an
ensemble

Hibino et al, (2018)Frontiers *—==2"



Precipitation amounts change

34°N |

33°N

1‘31°E 132°E 13r3°E
~ Area averaged precipitation amount
change are shown in the figure.

» Horizontal axis : precipitation of present
condition

» Vertical axis: Precipitation of the future
condition.

~ Blue dots: Stability not changed.

> Red dots: Stability and WV has changed
to the future condition

Hibino et al, (2018)Frontiers
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Conclusion

* Pros and Cons of the Story-line approach

— We can discuss on the mechanisms of the extreme
phenomena (worst case) by adopting this schemes.

— It is also very useful for application studies of local
scale.

— However, we cannot get any information of the
occurrence probability of that phenomena.

— Thus we cannot say if such phenomena could happen
in past / future scenario.
 We should make a hybrid approach, combining
Story-line approach by using RCM, with many
ensemble cases study by using AO-GCM.
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