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d) Humans are responsible

Observed warming is driven by emissions
from human activities with GHG warming
partly masked by aerosol cooling 2010-2019
(change from 1850-1900)
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IPCC AR6 (2023)

*Other human drivers are predominantly cooling aerosols, but also
warming aerosols, land-use change (land-use reflectance) and ozone.
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Climate change: the long road to a global deal @

Nov 30 - Dec 11

® Paris Climate Conference

= Aim: 3 universal agreement to cut
emissions sufficiently to prevent
Earth’s temperature rising by more
thamn 2°C above pre-industrial levels

& 247 wovld leaders taking part

= 0 000 participants incleding 25,000
afficial delegares ‘govermments,
Liw, , NG s, caal socisdy)

» 3000 fournalists

All nations are invited

b submit woluntary

national pledges to cut
GHG emissians N

The Flatform for Enhancad
Action: commits all states 2011
to reaching a legal accord [laIig 11

by 2015 to cut emissions

Talks on a mew climate treaty fail. But
industriglised countries pledge o give

paor nations $100 billion a year, from e ERLERFRY

2020, o help adapt ta climate change

The Bali Action Plan: guidelines
2007 &

17 Uit Mations conference
farn the seviranmsent

SH2JH 0 28t UNSIO| (UNCED):
114012 BAS0| XA =0,
TEPR ohensrnmenes )| H1 612 O (UNFCCC) HEN (BB,

{nan-binding}): industrial

Earth Summit S ta red E Q0] 71 EHSl=] XHol Ol B
Rio de Janeiro Efﬁ,{'ﬁiﬁﬂa’: ;EHEE °°—I —E-.“-I' II‘EQI'._ =0 x JHE:?
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T COF" mestings:
since annual negotiaticns

L e chenge. SEAFR 819J(COP) DA JHA| A
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The Kyoto Protecol (legally-
1997 birding]: rich nations agre
LITTEN to cut emissions to5.2% )1 EE O] A |

below 1990 levels by 2013

gl for reaching an accend to extend
LB the Kyoto Protocol after 2012

Fhota Koo Trbawilors
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World Climate Research Programme
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ECMWF-IFS-LR
ECMWF-IFS-MR
FGOALS-f3-H
FGOALS-f3-L
FGOALS-g3
FIO-ESM-2-0
GFDL-AM4
GFDL-CM4
GFDL-CM4C192
GFDL-ESM2M
GFDL-ESM4
GFDL-GRTCODE

CESM1-1-CAMS-CMIP5 GFDL-OM4p5B

CESM1-CAMS-SE-HR
CESM1-CAMS5-SE-LR
CESM1-WACCM-SC
CESM2
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CIESM
CMCC-CM2-HR4
CMCC-CM2-SR5
CMCC-CM2-VHR4
CMCC-ESM2
CNRM-CM6-1
CNRM-CM6-1-HR
CNRM-ESM2-1
CanESM5
CanESM5-CanOE
E35M-1-0
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E3SM-1-1-ECA
EC-Earth3
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EC-Earth3-CC
EC-Earth3-LR
EC-Earth3-Veg
EC-Earth3-Veg-LR
EC-Earth3P
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MPI-ESM-1-2-HAM
MPI-ESM1-2-HR
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MPI-ESM1-2-XR
MRI-AGCM3-2-H
MRI-AGCM3-2-5
MRI-ESM2-0

NESM3
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NorCPM1

NorESM1-F
NorESM2-LM
NorESM2-MM
RRTMG-LW-4-91
RRTMG-SW-4-02
RTE-RRTMGP-181204

SAMO-UNICON
TaiESM1
TaiESM1-TIMCOM
UKESM1-0-LL
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Large Ensemble

Single model initial-condition large
ensemble(SMILE): HE XJ| XA AL,
=2 2 ZHH (0 X2t AL
@)k sHINO] B AL —H& HEQ|
=ai 019 Xi= it Jts

NS =R ED e
OIZFRE (| O3t XIS HHE A

E'FQ,I' Ol EIEJOI-A o=

= T AAC3:

> CMIP 22 Xt== ot JH9l B9 Z2MHM 2=

LHE H=d 9If ZHE 8 22 2)ts
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Modeling Model

Center

CNRM

Version

CNRM-

Model Resolution  Years Initialization Forcing (Number of Reference
(atm/ocn) Method Members) (*ESGF
reference)
CCCma |CanESM5 | ~2.8°x2.8°/~1.4°0.9° |1850- Macro hist-nat (50), hist-GHG | ??
2014 (50), hist-aer (30), hist-
sol (50), hist-volc (50)
~1.4°¢1.4°/nominal 1° |1860- Macro hist-nat (10) *Voldoire
2014 (2018)

NASA

IPSL

MIROC

NCAR

NCAS

CM6-1

GISS-E2-1-

G
IPSL-

CMBA-LR

MIROCE

CESMI-
CAMS

HadGEM3-

GC3l1

~2°x2.5°[~1°%1.25° 1850~ 'Macro hist-nat (20) *NASA GISS
2014 (2019)
~2.5%]1.25°/~1.0°0.5° |1850~ Macro hist-nat (10) Boucher et
2014 al. (in
review)
~1.4°¢1.4°/nominal 1° |1850- Macro hist-nat (50) Tatebe et al.
2014 (2019)
~1.3°x0.9°/nominal 1920~ |Micro everything-but-GHG (20), Deser et al.
1.0° 2080 everything-but- (2020, J.
anthropogenic-aer (20), 'Climate)
everything-but-
biomass-burning (15;
only until 2029),
everything-but-LULUC (5;
only until 2028)
~1.25°¢1.9°/nominal |1850- Macro Aerosol scaling: 0.2x (5), |Dittus et al.
1.0° 2014 0.4x (5),0.7x (5),1.0x (5), (2020,
15x% (5) Geophys.
Res. Lett.)

US CLIVAR Large Ensemble Working Group
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With every increment of global warming, regional changes in mean
climate and extremes become more widespread and pronounced

The world af The world at

o 1) H15°C +2C | +3°c +4°C

_lobal warming ievel (GWL) bove 1850-1900

/./ / ‘ 'b

With every increment of global 0 Annuat hotest ay tempersurechange -

T (i = 3
T Y g@@"\ ‘.r
= A - <

climate and extremes become

Widespread and pronounced b)Azualmtlaantotalcolumﬁnsotlnms: e change 1 : f ipr :-‘ =‘ : :‘.! ‘
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Future climate change is projecte
increase the severity of

IPCC ARG Figure SPM.3
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Sixth Assessment Report | Synthesis Report

Future climate change is projected to increase the severity of impacts
across natural and human systems and will increase regional differences
Examples of impacts without additional adaptation

a) Risk of | 1
species losses

age of anima
species and seagrasses YA,

ﬂ-
b) Heat-humidity

risks to
human health

e
1.7-2.3°C
Day 16
| —
¢) Food production
impacts —
g o ~E
o
Maize yield" 1.6-2.4°C 3.3-4.8°C 3.9-6.0°C
s (%) .
o —— i
=1 i ~
2) Fish yield . kt\ - . ;
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. Vi 4
0.9 - 2.0°C - 3.4-52°C -



OENTIS JIS0IZ MEMHIAY EM £ 5 APCC

SO0 & HAILER Ix E3



D~
of

=

T EHS OIch &

OFEHXI J1=20il

MXFEY J|E HSE S+ Hal

- CMIP6 & X]+

O JI=2Hst0l ME AILEIQE OIcH EHS Hat M
Z == T4, Genesis Potential Index(GPI)E
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GPI(Genesis potential index)

= Genesis potential index (GPI) (Murakami and Wang, 2010)

3 RH\? (Vyor\® —w+0.1
Modified GPI = |1057|2 (~—) Pot) (1 4+0.1V) 2 [ —————
! 10502 (53 70 ) O+ s) 0.1
Absolute Relative Potential Vertical Omega
vorticity humidity intensity wind shear at 500-hPa

at 850-hPa at 700-hPa

Pl(Potential Intensity)

>
Vinax = a\/{(ck) (T )(CAPE* — CAPE)m}
%:D.B D o

€y, = the exchange coefficient for enthalpy

Cp = a drag coefficeint

T,=SST

T, = the mean outflow temperature

(temperature at the level of neutral buoyancy)

CAPE" = the convective available potential energy of air lifted from saturation at sea level in reference to the
environmental sounding

CAPE = that of boundary layer air (the vertical sounding is an environmental sounding)
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Large Ensemble Climate Simulation & Objective Detection

/

d4PDE

database for Policy Decision
making for Future climate change
- Mizuta et al.,, 2017

+ AMIP-type experiments

+ 60km resolution

+ Historical / Non-warming
experiments

+ 100 ensemble simulations for
each experiment (1961 — 2010)

a) L. ?est track best track: 2000-2004 season:ALL

Based on
+ Sea level pressure

+ Vorticity

+ Wind speed

+ Temperature profile (warm core)

Utsumi, Kim et al. (/ Geophys. Res. Atmos.,, 2016)

KAIST ZEZE W+ BHIlE



Pattern Similarity '=otor zie

Typhoon Heavy Rainfall Changes (OBS) Typhoon Heavy Rainfall Changes (SIM)
1961-1985 to 1986-2015 Hist - Nat: (1981~2010)
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+ Frequency changes in observed typhoon heavy rainfall vs human impact on
typhoon heavy rainfall show similar spatial patterns.

KAIST &4




Climate simulation dataset

To detect the front
6 hourly, JRAS5
Weather chart (2000-2010; Utsumi et al., 2014) - For verifying the detected front

To detect the frontal rainfall
Daily, APHRODITE

To demonstrate anthropogenic greenhouse gases forcing impacts
Daily, CESM1 LE historical (HIST, 40ens)
& all-but-greenhouse gases forcing (XGHG, 20ens)  Fixed greenhouse gas
forcing at 1920 condition

Research periods:
historical earlier period (P1) : 1958 — 1982 (25-yr)
historical later period (P2) : 1991 — 2015 (25-yr)

Target season: Active front season (16 June — 15 July, 30 days)




Observed changes in frontal rainfall intensity
SORAIOH 22 (HOP 24 212 BJHs QIZHE=0 o8t 24t 2

P2 (1991-2015) — P1 (1958-1962) during P2 (1991-2015)

APHRODITE +19.8%

o
s
o

(Aep/ww) |jejulel [ejuoi4y

25°N

120°E 130°F
Influence of solely greenhouse gas forcing

+ In the recent period, the intensification of frontal rainfall has been influenced by
greenhouse gas forcing.

+ The intensity of frontal rainfall became enhanced by 19.8% along the coastal regions of EA.
KAIST 8 ZE W+ & HII=
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