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How are future climates projected under a
global warming in a computer?

~ Advantages of a high resolution model~
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How Is a future climate projected?
IPCC ARG WGI Report

IPCC AR6 WGI Interactive Atlas
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Today's contents

« Basics of future climate projections in a computer
« Advantages of a model with a higher horizontal resolution
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Processes in the Earth System

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
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Development of CGCMs
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Configuration of a GCM for future climate projections

Atmosphere, land, and
ocean are discretized:

MRI-CCM2 MASINGAR mk-2
Atmos. Chemistry Aerosol Chemical Atmospher. 320x160x48 I
Climate Model Transport Model Ocean: 360x364x51
Ozone (Strat. + Tropo.) Sulfate, BC, OC, Dust, Sea-salt
. MRI-CGCM3 |
MRI-AGCM3 | / /
Amsp“e'e Flows and physical
Cloud .
Land,vegetam | weopnvses ||| agom processes are simulated /
_“J e for each grid
alic. l cO2
S =7 '
Sea ice
OGCM
Coupler ‘Scup’
\ s 3k MRI.COM3
Figure 1 Configuration of the component models in MRI-ESM1. Green arrows denole data exchange with
using Scup between the component models
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How these processes are implemented in a computer?

Navier-Stokes equation A code for a computer
Ju , do j=1,latg2_
‘HE +plw-Viu -V -olu,p)=F in=(0,T) do i=1.lonf2
V. =0 i1 0 % (0T ftsea(i,j)=ftsea(i,j)+tsea(i,j)*weight(ifstep)

u . [f" (0, {T tsheleg(i,j)=fsheleg(i,j)+sheleg(i,j)*weight(ifste
u=g onI'p = (0,T) ft93(i.))=ftg3(i.j)+ta3(ij)'weight(ifstep)
olu,pjn =h on 'y = (0,T) fzorl(i,j)=fzorl(i,j)+zorl(i,j)*weight(ifstep)

u(0) = uy in 2 = {0} fplantr(i,j)=fplantr(i,j)+plantr(i,j)*weight(ifstep)

fev(i,))=fcv(i,j)+cv(i,)*weight(ifstep)

Discretization of the equations above doil=1,4

Ou uf‘l —u’ falbedo(i,j,il)=falbedo(i,},il)+albedo(i,j,il)*weight(ifstep
- —> enddo

Ot Al f10m(i,j)=fF10m(i,j)+fLom(i,j)*weight(ifstep)

i . . ; fcanopy(i,j)=fcanopy(i,j)+canopy(i,))*weight(ifs

Ou U, —2u; +u isl=nint(simsk(i,j))+1

= 5 isimsk(i,j,isl)=isImsk(i,j,isl)+1

ox Ax

if(cvb(i,j).ne.cvbO) then
fcvb(i,j)=fcvb(i,))+cvb(i,j)*weight(ifstep)
wevb(i,j))=wcvb(i,))+weight(ifstep)
Webinardﬁﬁi/fo, 2024




Emission scenario SSP

Shared socio-economic pathways
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Historical and future global mean CO,

Global mean xCO; November 6-18, 2022 in Sharm el-Sheikh, Egypt
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Supercomputer is essential for climate projections

Multi-architecture supercomputer based on
AMD EPYC CPUs, combined with
accelerators, Earth Simulator 4

 Cores: total 136,960 processor cores of
AMD EPYC 7742 (Zen?2)

* Memory: total 556.5 TB Rank #56
e Performance: 19.5 PFLOPS (#29

for engine

V' ami
| Sy ’

https://www.r-ccs.riken.jp/en/fugaku/

* Interconnection: 200 Gb/s
 Release: 2021

Operational in Deutscher
Wetterdienst since 2019 as well



Needs for high-resolution models

In order to make a progress in
adaptation planning, we need

1. to project future weather extremes
such as typhoon and heavy rainfall
triggering natural disasters, and

2. to assess their impact on our lives.

- representation of topography depends on resolution

- low resolution models often fail to reproduce precipitation systems such
as tropical cyclones, stationary front systems, and blocking

- high resolution models generally have better mean climate
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Topography dependent on resolutions
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Cross section at 87E

Near Everest
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Time-Slice Experiments with high-horizontal resolution

Projected
SST

Lower
B.C.

« Present-day climate experiment (1979-2003

— the observed sea surface
temperature (SST) and sea-
Ice concentration

« Future climate experiment (2075-2099)

— the warming in the SST for
the CMIP5/6 multi-model
ensemble mean is added
to the observed SST

5km,2km,1km RCM

CMIP3 AOGCMs | =) | 20km,60km AGCM | =)

AGCM/RCM is a climate model
version of the JMA operational
NWP models

linear trend
in CGCMs
ESMs

CMIP6 RCP
) observed SST for I/~ Experiments
AMIP (1979-2003) [ oA~ (2000-2100) AT
CGCMs C20C N
experiments A~/ N | R
(-2000) i’ g
1979 2003 2075 2099
: < =
present-day climate future climate
future change linear trend in CGCMs  detrended observed
in CGCMs (2075-2099) SST (1979-2003)
AT+ /—l— TATAAS
([2075-2099]-
[1979-2003])

Mizuta et al. (2008)




Comparison of reproducibility between
horizontal resolutions




Precipitation dependent on resolutions
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Typhoon prediction between 60km and 20km mesh models

T0207(D0012) Typhoon Forecast and Analysis (Track and Intensity)
180" 140" 150° 160" 170° 1807

T0314(D0020) Typhoon Forecast and Analysis (Track and Intensity)

C s 1107 120° 130° 140° 150° 160°
= . thPa) TO207 Central Pressire Forecast-Analysis | — — = thPa) TN314 Central Pressure Forecast-Analysis
Tgphuon brecast Track TORO7ID 0" 1020 e T L ) = > 1020 on i SEME L ressUre Foesas-Anays |
2002(7/08 OSBTB’-ZUDZ'?f19 18 10 1000 EEF&EJQM_OOUT_C-EOWQH_, LOUTC |
=00UTG 3 T = 1000
s 120TC I 980 :?gﬁg . -
50° + 06, 18UTT - i 50°  g80
960 - BT v T 960
240 I
I . 40 940
900 Ay T I 800 if
N BRARARARAR AR AL
I a0t O O T Ty Vg™ R0 O Ui 0> 00 g i "Ceao- 30° oty %t Sty 2, Pty Do, o i 2, 50, S fo,
12%‘” 0207 Maximum Wind Foracast-Analysis 12[513 70314 Maximum Wind Forecast-Analysis
IED_ 100 1 IEU‘ 100 1+
80 - il
60 - I
I X w0 807
0 4
40 41+
I 20 I 20 111
130° 140° 150° 160" 170° 180 LELAT AP S SRR RN R N : = ] : . ao
. oo o o oo oo Fon oPeagon, 1107 120° 130° 140° 150° 160" e i e P g S
T0310(D0012) Typhoon Forecast and Analysis (Track and Intensity) T0406(D0008) Typhoon Forecast and Analysis (Track and Intensity)
120° 130° 140° 1507 160° 170" - . . . . .
' 130 140 150 160 170 180
i WM’?‘“Z’ . )., 1050 { i Gem rossire FoPCaATANES e m————— ol T0408 Gentral Pressure Forecast-Analysis
. o) rac G -t R o ) -
60 JE02 1BUTC - 2O03/RMT 1BUTC -~ —= 7= - 60 P L ;5%:&11T§€€Té%cuijgjogg?%@gg) oo
y 1000 41 I 1 6 |
= COUTC - - bl P .
980 i — L
! O ey | ST
980 - | L
940 I
920 - | L
900 e e I I
e g Sy B, %y By Py 30 SRR AR 03418 A3 20
i TO310 Maximum Wind Forecast-Analysis (i T0406 Maximum Wind Forecast-Analysis
120 e S I 1ob 12208 Mauimym Wind { ofecast Anglysls
100 | 20 |
80 -
60 I 10°
40
I ; 20 I
120° 130° 140° 150° 160° 170" LI S Y ST S S ) . . . . e 0 SNSRI SRS
ot Py Y Bt Py ®y Vg Oy " 140 150 160 170 180 DOARARASARARAAR 4558 58 M N8 M MR

Weak central pressure and weak max. wind 60km mesh model
—— speed in the 60km mesh model. Reproducibility in
Jreecn  the 20km mesh model is better. 20km mesh model
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Tropical cyclones in the 20-km AGCM

01 Sep 208X 00 UTC

©MRI,JMA, JAMSTEC,MEXT
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Future climate projections




July Precipitation in a future climate
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Maximum 5 day precipitation in a future climate
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Time-sliced experiments
AGCM

e Present-day climate

SENTAN Theme-3: future climate projections in Japan

Time-sequential experi
AOGCM
e (1950-2100)
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Ocean
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AGCM/RCM is a climate
model version of the JMA
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Thank you for your attention



http://jsusr07.met.kishou.go.jp/koho/character/animecuts/pic/3.html#1
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