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Projection of Tropical Cyclones near
Taiwan in high-resolution AGCMs and
Their Further Dynamical.-Downscaling
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- Qutline

> Modeling Frame work and experiments
(High-resolution global AGCMS and RCM downscaling)

> TC projections of superzhighresolution
AGCM (A x=20-25km)

> TC projections.of MRI-AGCM3.2S (Ax=20km)
ensemble

2 TC projection of HIRAM c192' (Ax=50km)
ensemble

.
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"High Resolution AGCM for climate projection

MRI-AGCM GFDL-HiRAM

e

il

ion: HIRAM2 (C384, 25km)

HiRAM?2 (C192, 50km, ensemble)
Grid: Cubed sphere
Level: 32, top @ 1hPa

Version: AGCM3.25 (TL960, 20km)
AGCM3.2H (TL320, 6 , €

Grid: Gaussian

Level: 64, top @ 0.0

A

le)

At: 10 min At: 10 min
Convection: YS, AS, Convection: Shallow Convection
Hydrostatic Hydrostatic
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AGCM & RCM for CMIP5

Time-Slice Experiments oli_’hjéﬂ&Mtrle;ﬁfncxs‘g;l:;jo'(mﬂr "M and RCM

CMIP5 AOGCMs

20~30 km AGCM
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Mizuta et al. (2014)
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—4 SST in JJASON of the end of 215t century
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4 SST near Taiwan @ end of 215 century

MRI_cO (c1 —c0) (c2 —c0) (c3 —c0)
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- Low level circulation changes

MRI cO MRI cl1 MRI c2 MRI c HiRAM c0

Autumn
(SON)

Winter
(DJF)

O 4 8 12 16 20 24 28 32 36 40 44 48
HiRAM used the same SST as MRI_cO

T = 2R gEhREEaENTa 2016/3/14
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- TCs of Northwest Pacific

TC track density of 1979-2003 in OBS, MRI-AGCM and HiRAM

JMA MRI HIRAM
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1 4 7 10 13 16 19 22- 25

(I R 5';."‘.,: TCfrequency and intensity were
] HIRAM o g reasonably simulated.
g =] ' 2 Frequency: HiRAM overestimated,
£ o | MRI underestimated.
990 Maxi. Winds: HIRAM underestimated,
ol Q" MRI overestimated.
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- Northwest Pacific TCs

DEEE 1979-2003 43%
MRL 1979 2003 688  49%
SSCRI 0075-2099 365 (-47%) 36%

PV 10792003 918 - 44%
SN 20752099 537 (42%) 47%

strong TC #

(o)
AGCM Period Number # percentage (%)
TS cat<3 Cap3

44% 1@
30% | 25%.
29% ' 36%
48% 1%
39% 13%

End of 24st.century (RCP8.5)

= TC # reduces ~45%
= Ratio of intense ones increases.
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Seasonal TC Frequency
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Month

Reasonable seasonal cycle for TC'genesis
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Tropical Cyclone (TC) M
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-1 TC Precipitation

Composite of rainfall associated with tropical cyclone
during different intensity stages
Cat2 Cat3

V.M. 1EEE-3811 .LH.E 18EE-3ELL TC
Caiimiy B8 Ralefall Temidany Cak By 50 Ralsfall (mmidand

TRMM

MRI

HiRAM

TCCIP 2eareesensnze




TC Precipitation

PDF of grid rainfall extremes associated with TCs

u MRI B TRMM
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TRMM CATL 1131 Max82 mm/hr MRI CAT1 1252 Max 149 mm/hr
CAT2 <745 " Max 82 mm/hr CAT2 640 Max 118 mm/hr
CAT3 639 Max 73 mm/hr CAT3 1052 Max 157 mm/hr
CAT4 163 Max61 mm/hr CAT4 1076 Max 115 mm/hr
CATS 3  Max 54 mm/hr CAT5 270 Max 113 mm/hr
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TC Precipitation

Composite Rainfall Distribution from Center of Tropical Cyclones
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HiRAM

thermodynamic
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-1 TC Precipitation

Composite of Projected Change in w Vertical Velocity
Distribution from Center of Tropical Cyclones

Future Change

MRI SEA - SPA w Future Change (%)
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TC Affecting Taiwan

BCEE 19752005 115 0,30%

300km SSGENN 2075-2099 48 (45%) 17%

MRI underestimated TC# by 35 %.

Strong TC# was underestimated by HIRAM but

overestimated by MRI-AGCM

End of 2Lt century (RCP8.5):
= Total # reduces 45~49%

= ratio of intense TC increases significantly in the future .

/ ta

) Yol 1979-2003 87, 1 28%  40%.032%
TIPS 19792003 128  50%  50%  0.00
NEZIER 2075-2099 © 65 (-49%). 38%
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- Changes in maxi. Wind
________HRAM | MR-AGCM

24 -I 1 T l T L) 1 l T T 1 I T T L) I 1 T l_ 24 -I 1 1 l T T 1 I T T 1 I T T L) I T 1 [_

—OBS —OBS 7
—RCM-FU —RCMFU -
——AGCM-FU —AGCM-FU .

RCM-PD ~—RCM-PD ~ —
—AGCM-PD —AGCM-PD

40 60 80 60 80 100

Vmax (m/s)

< MRI overestimate the frequency of high wind
< Max. winds are stronger in MRI that in HIRAM.

> Downscaling can'reduce the over/underestimation.
Results‘are closer to observation.

< Ratio of strong TC increase in future

.
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- TC Precipitation

MRI HiRAM

< Fewer. TC in MRI results in less
rainfall amount.

SDII of Present

< Rainfall intensity are similar.

- ]
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— Typhoon Precipitation

MRI 200505 HiRAM 199701
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> TCs were wersirleated by super high resolution AGCM.
2 RCM can provide more realistic and detailed information.
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- Changes in TC precipitation (RCP8.5)

AGCM RCM Py
SDII Precip.

Dominated, by samejtrack and frequency, distribution of
changesare similarbefore/after downscaling.

Future TC rainfall amount decreases but rainfall intensity
Increases.

.
TOCIP EsarwesEREnta
L] un EwE— . Taiwan Climate Chanse Projection and Information Platform



— TC Affecting Taiwan

HRII

< TC tracks is highly uncertain
in'a small domain

120E 125E
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TC frequency

30N
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- TC # in MRI-AGCM ensemble

MRI Ratio to

20km Northwest Pacific TCs Taiwan TCs Affecting Taiwan
member Total # TS Catl-2 Cat3-5 Total # TS Catl-2 Cat3-5
1979-2003
OBS 641 43% 44% 13% 18% 115 30% 53% 17%
Present 688 49% 30% 25% 13% 87 28% 40% 32%
2075-2099

CO 365(-47%)  36% 29% 36% 13%  48(-45%) 17% 42% 42%
Cl1  299(-57%) 37% 26% 37% 9% 27 (-69%) 26% 19% 56%
C2  454(-34%) 34% 29% 37% 14% = 65 (-25%) 15% 32% 52%
C3  312(-55%) 40% 28% 32% 16% 50 (-43%) 34% 28% 38%

Future TC # all de€rease:
= Northwest Pacific TC#:¢c2>c0>c3>cl
= Taiwan TC#:c2>c¢c3~cO>cl.

Again, ratio of strong TC increase in all members.
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—Rain in RCM vs AGCM

Present...

MRI-
AGCM

WRF

pamor  1979-2003  m

SFA rcp85

2075-2098 .\ (mmw

SFA repss ¢12075-2099

(mmyr)

SFA repss 22075-2099 ..

SFA rep8'ci2075-2099  \mmie|

WRF.

900
800
750
700
650
600
550
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400
350
300
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200
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100

(mm/year)

< More reallstlc terraln circulation interaction results in
more reasonableannual TC rainfall were simulated in
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- TC rainfall projections

cl

SFA rcp85 c

Annual
rainfall

Rainfall
intensity

Future TC rainfalls:
= Total amount decrease due to decreased TC frequency.

= Most rainfall intensity increase.

= No TC near north Taiwan in c1, resulting very different rainfall
change

.
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L] un EwE— . Taiwan Climate Chanse Projection and Information Platform
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Ensemble experiment using HIRAM

1979-2005:

SSTs Init.time
10bs X 4 =4 member
2075-2100:
SSTs Sce nit. ti
Ensemble
Cluster RCP8.5 X =16 mem

Clust 9 %

- WRF AX=15, 5, 2.5km in
HIRAM C192 (Ax=50km). D01, D02, and DO3.
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— Projections of circulation changes

MRI_cO0 MRI_c1 MRI_c2 MRI_c3 HIRAM_cO

Summer
(JJA)

Autumn
(SON)

TPV R - g g

_aDl o

I
0 4 81271620 24 28 32 36 40 44 48 (m=z Changes more in
€192  HIRAM.c0  HiRAM_cl HiRAM_¢2  HiRAM_c3 HiRAM

—_
—

@ Sl © In HiRAM,

= ot

Summer anticyclonic
(MA) changes move
northeastward
when resolution
Autumn 4 : reduced to 50km.
(SON) B £ i;_; S

. . i == o Larger changes
0 4 8 12 16 20 24 28 32 36 40 44 48 (m) incl &c3
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TC Frequency
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- TC # in HIRAM ensemble

HiRAM Ratio to

192 Northwest Pacific TC Taiwan TC Affecting Taiwan
member Total # TS Catl-2 Cat3-5 Total # TS Catl-2 Cat 3-5
1979-2003
OBS 641 43% 44% 13% 18% 115 30% 53% 17%
Present 1035 76% 24% 0% 15% 150 69% 31% 0%

2075-2099

CO 634(-39%)  74% . 26% 0% 12% 74(-56%) 68% 32% 0%
Cl 620(-40%) 75%  25% 0% 12% 77 (-52%) 69%  31% 0%
C2  731(-29%) 72% . 28% 0% 12% = 89 (-50%) 55%  45% 0%
C3 607(-41%) 70% = 30% 0% 13% 81(-51%) 54% 46% 0%

Future TC # all de€rease:
= Northwest Pacific: TC# ¢2 > c0 > cl1 > c3.
= Taiwan: TC# c2>¢3>cl>c0 (cl, c2, c3 are close)

Difficult to tell intensity changes.

TLCCIP SRR -RRATS

tel




1 TC in RCM vs. AGCM

900 100
| (a) Wind-Pres. relationship * 1 (b) Wind in RCM & AGCM 1080 4 (c) Pres. in RCM & AGCM
- h . ] 3
920 | X ]
] ® AGCM R '.. s < 8 -4 @ Present 1040 4 @ Present
I A ® Future 1. @ Future
940 — [ OBS !:,. .. ]
= W £ a0 1000 - o
i K = =
L o .ga;%:: |3 A s .
E | 1 () ;.'- 2"e ® g * . E 960 ] -
& ] .t 1 ’:_..E . B : 40 7 . * - "l-: .
%0 LY TR & . %20
1 ...}\:t . . : ° 20 -®
1000 &ﬁf} I 280
] e
1020_""1""1"\“%" 0 T J J ! 840 - T T T T T T
0 10 20 30 40 50 0 20 40 60 80 100 B40 880 920 9a-u 1000 1040 1080
Wmax (m/s) RCM

Wind-pressure.rélationship in RCM is closer to observation than that in AGCM.
Maxi. wind & mini. pressure in RCM is stronger than that in AGCM

T R e e b U BN N B

24
(a) PDF of maX| wmd 7 - (b) PDF of mimi. pressure .
30 =
20 —0BsS ] - ]
i —RACM FU — S —
B ACM_PD ] 25 - —
16 [~ —AGCM_FU ] B E
N —HiGCNM_PD ] 20 — =
# 42 | = . - 3
b "F 3
8 . 10 -
4 ] 5 — 3
O L L L 1 ] 0 | il I I y
20 40 (0] B0 100 840 870 SO0 930 SE0 G890 1020 1050
Vimax (mis) Pmin {hPa)

PDF of max. wind & min. press in RCM is stronger and also closer to observation.
Also shown was stronger TC intensity in the end of 21st century.
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—Rain in RCM vs AGCM

_present <0

900
800
750
700
650
600
550
500

HiRAM

450
400
350

300
250
200
150

RCM

100

(mm/year)

< More reasonable annual TC rainfall were simulated in RCM.
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- TC rainfall projections

Annual
rainfall

Rainfall
intensity

Future TC rainfalls:

c0

cl

= Total amount decrease due to decreased TC frequency.
= Most rainfall'intensity increase.

= C2 & c3 are similar, probably due to similar track density
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- Summary

TC projections of super-high resolution AGCM (Ax=20-25km) :
Although HIRAM overestimates and MRI underestimates TC #,
similar future change features are found.

= Future TC # in both models are reduced, associated with smaller low-level
vorticity, and mid-level RH & W.

= TC # reduction rate are similar (~45%) in both models.

= Ratio of strong TC increases significantly in the future.

= Model simulated rainfall extremes associated with TC are stronger than
TRMM. The projected change of TC rainfall near the center are much
stronger than the moisture increase due to additional dynamical effect .

TC projections of MRI-AGCM3.2S (Ax=20km) ensemble:

= Subtropical high over NW Pacific intensified more in c1 & c3, associated with
fewer TC in northwest Pacific.

= Northwest Pacific TC#:¢c2>c0>c3>cl
= Taiwan TC#:¢c2 >¢3 ~ c0 > cl.
= Again, ratio of strong TC increase

TrCIR BenreesnEnTa
' hmiamiz Taiwan Climate Chanse Prajection and Information Platform




1 Summary

TC projection of HIRAM c912 (Ax=50km) ensemble:

= Subtropical high over NW Pacific also intensified more in c1 & c3, associated
with fewer TC in northwest Pacific.

Northwest Pacific: TC # c2 > c0 > ¢l > 3.
Taiwan: TC#c2 >c3>cl >c0 (cl, 2, c3 are close)

Difficult to tell intensity changes.

Downscaling can effectively increase insufficient TC intensity.in HIRAM ¢c192

Dynamical downscaling for Taiwan area

= More realistic terrain-circulation interaction results in better rainfall
distribution in RCM.

= Downscaling also can reduce the TC intensity bias. Results are closer to
observation.

= Total TC rainfall amount decrease because of decreased TC frequency.

= Most rainfall intensity increase. Spatial distributions of rainfall intensity
changes are affected by the uncertainty in TC track projection.
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