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Climate projections with high-resolution atmosphere MRI models

CMIP Climate Models

A ual mean surfacea r temper: atu re change (RCP45 2081+ 2100)

NHRCM
(20km,5km,2km)

MRI-AGCM
(60km,20km)

________________

Impact
Insufficient resolution for local climate change o tASSES?’nEe“tS
(precipitation rather than temperature, Water ResoLrce, Ecosystemn
extremes rather than mean climatology) Human Health, ..

Adaptation Policies
To minimize the loss due to
global warming



Large ensemble climate simulations with a high-resolution AGCM,RCM
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90-100 member ensemble have been conducted 60km AGCM | ZP'ST_I‘;CM
to evaluate localized extreme events in the A -‘-'/F ;J(E
aspects of: @%&é}’
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- Event attribution , w7
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Return values of daily precipitation

Extreme precipitation increases over most parts of the world

Increase is larger for events with longer return periods (= rare, heavy precipitation events)
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Tropical Cyclone Frequencies

= Similar, but smoother distribution compared with the observation
“Intense cyclones increases on N. W. side of Pacific and Atlantic, as well as
eastern side.
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Climate projection system including A-O interaction

CMIP Climate

Previous System

SST is prescribed as
lower boundary condition

- A-O interaction is not included
(e.g. ocean mixing below tropical
cyclones)

New System

TSE-C (Temporally Sequential
Experiments with Coupled model)
Ocean T and S are assimilated
with relaxation time of 5-10 days

Past: Observation T and S
—> simulating realistic regional climate

Future: Obs. + warmings in CMIP models
-> reflecting CMIP projections

MRI-AGCM
(60km,20km

MRI-ESM
(60km,20km
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Long-term climatology: with assimilated ocean

Surface Temperature
Underestimation of temperature over mid-latitude ocean is reduced with ocean assimilation

shade: anomaly from JRA-55

MRI-ESM2 TSE-C
fully coupled, CMIP6 model MRI-ESM2 + assimilated ocean
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Long-term climatology: assimilated + higher atmos. resolution

Zonal-mean wind and temperature DJF, shade: anomaly from JRA-55
bias with equatorward, stronger jet is reduced as fully-coupled > TSE-C, and 120km->60km
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ESM2 60km fully coupled ESM2 60km TSE-C

TrO p | Cal CyC | ones SST cooling on the day of typhoon passage [K/day]

— TSE-C can simulate SST cooling after typhoon
passage as well as in fully coupled models.

— Intense TCs at higher latitudes in AGCM can be

reduced by introducing short-term A-O coupling. e e
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Time lag between SST and pr [days]

Time lag between SST and precipitation son (2) Oservation
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Updated high-res large ensemble

a) Global surface temperature change relative to 1850-1900

55P5-8.5

Continuous from 20C to end of 21C f:
— to investigate gradually emerging climate 2
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Considering ensemble methods to evaluate range of uncertainty
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Summary

New climate projection system (TSE-C) based on MRI-ESM2

Ocean T and S are assimilated with relaxation time of 5-10 days, to explicitly simulates short-
term A-O interaction without large departure from observed climate.

It enables regional-scale climate projection with including short-term A-O interaction such as
ocean mixing by overpassing tropical cyclones, lag correlation between precipitation and sea-
surface temperature, and so on.

Updated high-resolution dataset including a continuous large ensemble

Continuous from 20C to end of 21C, to investigate gradually emerging regional change around
2040-2060.

An interannual variability phase ensemble, in which different phase of decadal variability of
ocean are forced to ensemble members, is combined with a forcing model ensemble, in which
different warming patterns of CMIP6 models are forced to ensemble members.

The results are also dynamically downscaled to our regional climate model and ocean model
with 20km and higher resolution.

Simulations have just started !

% MEXT-Program for The Advanced Studies
of Climate Change Projection(SENTAN)






CMIP Climate Models MRI-ESM NHRCM, asuca
LA AL L (60km,20km) (20km,5km,2km)

Dataset design with TSE-C system saszi
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MRI.COM regional ocean

(10km,2km)
Initial
. Conditions . . .
Continuous, Large-ensemble I:> High-res, Fixed warming level

(1961-2100, >30 members) (20-30 years, ~10 members)
GCM (with A-O coupling): 60 km GCM (with A-O coupling): 20 km
- Regional Atmos.: 20 km > 5 km <:| - Regional Atmos.: 5 km > 2 km
- Regional Ocean: 10 km = 2 km

Bias
corrections ! !
Targets: Targets:

* Continuous change in the near-future (around 2050) * Extremes by tropical cyclones and Baiu precipitation

* Contribution to planning adaptation depending on scenarios * Evaluation of extremes considering fine topography

* Regional atmos. and ocean models from the same GCM * Time-series of probability of disaster class phenomena

- synthetic comprehension of changes around Japan (combined with the continuous experiments)
Emission scenarios: Warming levels:
based on CMIP6: SSP1-2.6, SSP2-4.5, scaled SSP5-8.5, based on CMIP6: 2°C, 3°C, (4°C, )

historical, non-warming historical, non-warming



m BIRRARE - BEAT—)) - ZEIRAT—ILICKBDIEL

1R P KIS NN ZR (B EEER > +4KEER) DL BB

- BIRABIORV CEEOD/NEV. BBRO)EBRIFE. EIIHAKELY,
- FERSRIREK(ZE. EBINANKEL,

- ZERRAT—)LOFEEZNS ICHERB EHFEDKEL AN,

- HIg/KE - 6BF[ER/KEIC DN TIE. LWINTH
Clausius-Clapeyron TMDIENN(~25-28%) K D A=)

ol ' 6hrly  6EFREREKE
| . daily =
o : BEEKE
e | 5daily S5HEKE
30
20
| e—@ 1X1 grid
10 - B m125x1.25 | FEHLE
_ A A 4X4 grids [EKED B
0 | ' I i
Tvr 10vr 100vr

FHRK 10FEHK 100K XK



m BIRHE - BEA—IVLICKDFE5DEL

SURZALICH DRNFHFSIE(CC-CIOENWELL

ERRECHESDENFT SN
BRI - KEXT—ILOEWCKBBMEOEZRICTES LTS,

%

50

40

30

20

10

SHTIAL, DRAZNT S EHENES

residual

B 6hrly
I daily

| 5daily

ADynamic

AThermodynamic

Tyr 10yr 100yr
FHRX 10 ;K 1004EHZXK



MHHERE 1. 4 CHETEN

SR ) OCTRMI 55—ty b2027RITFRIKRER (£445]

1961

& 1991

BX (Kfx) BIREER

[&BR60km, FEIEE20km] 36 A>/N— (20105ELAPF100A>/N—)

[8EiEi5km] 6 XAIN— (1991-2020£E(F24X>)\—)
1857E10km, 2km] 36 A2 /)V—  (2kmldHARE - X\ —BR7E)

[2ER20km] 1979-2020 10X\ —

00
§

P ——————————

| IEmBR(LSRER I

[&EKk60km, fH1E%20km] 36-100X>/\—
[FEig5km] 6 A2 IN—
1857E10km, 2km] 36 A /V— (2km(3HAR - X>/)\—BRZE)

[£20km] 1979-2020 10X >\ —

| scaled SSP5-8.5 I

REB{EL NI RER
B U EERET Mt
(1991-2020 : 30£Ef)
DT TRERBEEER R

BEELAVEIWFETINHEGICRT-UYY
SRR IRRIEL ANV ERTESRER OV HABEAERR

a) Global surface temperature change relative to 1850-1900

[220km] 10A>)\—
[fA5km] 4X>I\N—

Bty
SR %ggﬁ‘ it
MR 5

X

)

IEEBE(L

'C

s
4 <+—> SSP3-7.0
. —
2 —

1 BEHER -

0 z\’/\—/\//>

[ MEXT-Program |

SENTAN

17
SIREEFAKRHR 70T 4



Current system of high-res climate projection

__________________

MRI-AGCM
(60km,20km)

CMIP Climate Models

SST is prescribed as
lower boundary condition

Past: Observation SST
-> simulating realistic regional climate

Future: Obs. + warmings in CMIP models
-> reflecting variety of CMIP projections

High-res timeslice exp. i 20km

9
(Mizuta et al., 2012) ;
d4PDF (large ensemble) 60km g

__________________

Issues

- A-O interaction is not included (e.g. ocean mixing below tropical cyclones)

- Small ensemble members for continuous projections from present to end of 21C

NHRCM

(20km,5km,2km)

T A i

4

5km, 2km

20km




Climate projection system including A-O interaction processes
TSE-C (Temporally Sequential Experiments with Coupled model)

ReaviByst8ystem CMIP Climate Models MERIAESDM NHRERCAuca
S&@4n PrasdrBedeaassimilated _ (2?(/3|§f[1_,;§!<¥m,2km)
{mitverddaxati@nyticon ditiorbdays it 4

Past: Observation $&ihd S
-> simulating realistic regional climate

Future: Obs. + warmings in CMIP models
-> reflecting variety of CMIP projections

+ MRI.COM regional ocean
- (10km,2km)

- based on MRI-ESM2 (Yukimoto et al. 2019): CMIP6 coupled model of MRI
- explicitly simulates short-term A-O interaction, while long-term climate is assimilated to the forcing data

- dynamically downscaled to the regional ocean model (10km over North Pacific, 2km around Japan), in
addition to the regional atmospheric model



Global average surface temperature change
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B High-resolution time-slice experiments by MRI-AGCM

CMIP AOGCMs

/” 20km AGCM

Dynamical Downscaling by Regional
SkmNHM — 2km, 1km NHM Climate Model

T )

S LS
LS

Nested in the
20km AGCM Nested in the 5km NHM

Impact Assessments

- Disasters
Study of Future Change — Agriculture
in Extreme Events —  Water Resources

—- Tropical Cyclones (e.g. Murakami et al. 2012)

~less number, more intense Regional Climate Change

_  East Asia Monsoon (e.g. Kusunoki et al.2006) - Oofuéggﬁs Z;?(\)"nded to researchers
. . r

~>seasonal mlgratlon delayed (Korea, China, Taiwan, Philippines,

- Extreme Rainfall (e.g. Kamiguchi et al. 2006) Thailand, Indonesia, Viet Nam,

Bangladesh, India, Israel, Saudi Arabia,

emore frequent Senegal, Spain, Netherland, UK, Ireland,

— Blockings (e.g. Matsueda et al. 2009) Denmark, Switzerland, Germany, USA,
Sless frequent Mexico, Columbia, Barbados, Belize,

. Bolivia, Peru, Ecuador, Brazil, Argentina,
- Extratropical Cyclones(e.g. Mizuta et al.2011) Australia, Papua New Guinea )



A-O interaction on tropical cyclones

Frequency distribution of Intense TCs — Intense TCs at higher latitudes in AGCM
(d) AGCM20_3.2 (PD) than in observation

... SST cooling after typhoon passage are
not simulated in AGCM

—> improved by introducing short-term A-O
interaction using AOGCM with SST restore
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Intense typhoon frequency difference: AGCM - AOGCM
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Ensemble methods

Large part of spread between
CMIP6 model results can be
expressed by TSE-C with a
combination of

(1) initial-value ensemble,
(2) interannual variability
phase ensemble, and

(3) model ensemble.

Ensemble spread of prcp. change(%) [ave 2040-2075]—[ave.1979- 2014]
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90N

CMIP6
model outputs

o 60E 120E 150 120W 60W o

CMIP6 [2040-2075]-[1979-2014] JJA

(1) initial-value
ensemble

120 180 120w 60W 0
TSE-C_mXX [2040-2075]-[1979-2014] DJF

60E 120E 180 120w 60w 0
TSE-C_mXX [2040-2075]-[1979-2014] JJA

on spread of Aprcp [%] N spread of Aprcp.[%]

(2) interannual
variability phase

ensemble
((1)issustracted)
- spread of Aprcp.[%)]

n
60E 120E 180 120W  60W 0
TSE-C_VXX [2040-2075]-[1979-2014] JJA

x
60E 120E 180 120w 60W 0 0
TSE-C_vXX [2040-2075]-[{1979-2014] DIF

- spread of Aprcp [%]

(3) model ensemble
( (1) is sustracted )

5 L
60E 120E 180 120W  60W 0
TSE-C_models [2040-2075]-[1979-2014] JJA

ok " L
0 60E 120 180 120W  60W 0 0
TSE-C_models [2040-2075]-[1979-2014] DJF

o spread of Aprcp.[%)] - spread of Aprcp.[%)]

D +@)+@Q)

60E

120E 180
TSE-C sum [2040-2075]-[1979-2014] DJF

120w 60E 120E 180

120w
TSE-C sum [2040-2075]-[1979-2014] JJA

60w



A-O interaction on tropical cyclones

Frequency distribution of Intense TCs
(d) AGCM20_3.2 (PD)
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Intense TCs at higher latitudes

in AGCM than in observation

—> improved by introducing short-
term A-O interaction using AOGCM

Typhoon frequency difference: AGCM - AOGCM
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Global and regional projections with A-O interaction
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