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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)
2.0 §¢C

Well-mixed GHG |
Internal variability ——

Observed warming [
o o —
o wn o

Total human influence
Solar and volcanic drivers —

Other human drivers*

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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i b . 1 UN-emvironment treaty)
I 1992 W (non-binding: industrialiged
E_ﬂﬂh Summit HENLT agree ta reduce
| LI LRI TR preenhouse gas {GHG)
3 emissions to 1990 lavels

RTITEIT COP** meatings:
since annual negotiaticns
on an international deal
19‘95 to curb climate change

The Kyoto Prnmcuim
1997 binidiengl: rich nations agree
K

national phedges to cut
GHG emissions

The Flatform for Enhanced
Action: cormmits all states 2011
to reaching a legal accord el 1]
by 2015 to cut emissions X

Pl ol to cut emissions to 5.2%
below 1990 levels by 2012

Talks on a mew climate treaty fail. But
industrialised countries pledge to give

paar nations 5100 billion a year, from TR EET
2020, to halp adapt to climate change

The Bali Action Plan: guidelines
for reaching an accord to extend
the Kyoto Protecol after 2012
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proposed an aspiration to “hold the increase in the global average temperature to well below 2°C against
preindustrial levels and pursue effort to limit the temperature increase to 1.5°C”.
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ower economic g{ruwth at 2°C than at
1.5°C, particularly low-income countrigs

Lower yields and nutritional content

of cereal crops in tropical regions -

Source: IPCC Special Report on 1.5°C global warming (2018)
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« CMIP (Climate Model Intercomparison Project) Phase 6 Xt=
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Large Ensemble

» Single model initial-condition large
ensemble(SMILE):
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Modeling Model Model Resolution  Years Initialization Forcing (Number of
Version  (atm/ocn)

Center

CCCma

CNRM

NASA

IPSL

MIROC

NCAR

NCAS

CanESM5 | ~2.8°x2.8°/~1.4°x0.9° | 1850-
2014
CNRM- ~1.4°x1.4°/nominal 1° | 1850-
CM6-1 2014
GISS-E2-1-  ~2°x2.5°[~1°1.25° 1850~
G 2014
IPSL- ~2.5%1.25°(~1.0°x0.5° |1850-
CMG6A-LR 2014
MIROCB ~1.4°%1.4°/nominal 1° |1850-
2014
CESMI- ~1.3°x0.9°/nominal 1920~
CAMS5 1.0° 2080
HadGEM3- |~1.25°x1.8°/nominal | 1850-
GC3l1 1.0° 2014

US CLIVAR Large Ensemble Working Group

Method

Macro

Macro

Macro

Macro

Macro

Micro

Macro

Members)

hist-nat (50), hist-GHG
(50), hist-aer (30), hist-
sol (50), hist-volc (50)
hist-nat (10)

hist-nat (20)

hist-nat (10)

hist-nat (50)

everything-but-GHG (20),

everything-but-
anthropogenic-aer (20),
everything-but-
biomass-burning (15;
only until 2029),
everything-but-LULUC (5;
only until 2029)

Aerosol scaling: 0.2x (5),
0.4% (5), 0.7% (5),1.0x (5),
15x (5)

Reference
(*ESGF
reference)

?

*Voldoire
(2018)

*NASA GISS
(2019)

Boucher et
al. (in
review)
Tatebe et al.
(2019)

Deser et al.
(2020, J.
Climate)

Dittus et al.
(2020,
Geophys.
Res. Lett.)
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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 :-‘ =‘ : :‘.! ‘
1 1 |
IPCC ARG Figure SPM.2 CERV L&YY € ~
A ‘,' — L e |
XI7 0P} S71 IO, B2 710} e i -l

X 0= [ ZHONK| D SEONEICH R SR R S A
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Sixth Assessment Report | Synthesis Report I D C C 28




Future climate change is projecte
increase the severity of

IPCC ARG Figure SPM.3

OieH J|282l= XK} 2z

TN EESINEIn e

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\ - . ;
» . i e el H T
. Vi 4
0.9 - 2.0°C - 3.4-52°C -
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100

IEA™ projections
JC Tt a more
sible path.

Global fossil-fuel emissions (gigatonnes of CO,)

50
Historical
emissions T
Pledged
policies

Current
policies

5ecCt
Worst-case
no policy
(SSP5-8.5)%

4 °C
Average
no policy
(SSP3-7.0)

Weak
mitigation
(SSP4-6.0)

2.5 °C

Highly unlikely
Often wrongly

used as ‘business

as usual’

Unlikely

. Reversal of

some current

7 policies

Likely

- Given current

policies

Modest mitigation

(SSP2-4.5)
O
1.5 °C
Mitigation required
" to meet Paris goals
e 0 b ety e e | |  (SSP1-1.9)

s
1980 2000 2020 2040 2060 2080 2100

SSP1-1.9 scenario focuses on limiting the
warming level to below 1.5°C, which corresponds
to the goal of the Paris Agreement.
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1) Global PE changes to climate extremes (30-year return events)

a) TXx, SSP3-7.0

Billion person-days

Billion person-days

Billion person-days

400

300

200

e
100

0

-100

-200

-300

-400

b) RX1day, S5P3-7.0

Population exposure

PO

) TXx, S5P1-1.9 minus S5P3-7.0

2020 2040 2060 2080 2100 2020 2040 2060 2080 2100
TXx, SSP1-1.9 d) RX1day, SSP1-1.9
0.4
03
0.2
0.1
e AN NN i g
0.1
2020 2040 2060 2080 2100 2020 2040 2060 2080 2100

) RX1day, SSP1-1.9 minus SSP3-7.0

e

—

2020 2040 2060 2080 2100

2020 2040 2060 2080 2100

If global warming keeps continuing, the 2100 is..

* PE to hot extremes: A92 Bilffor persor=days(J14tiMmes) -I

+ PE to heavy extremds: 1.87 billion person-days (11 times) |

» A minimal shift in PE to climate extreme (|
SSP3-7.0)

« PE to hot extremes 485 biflionpersan-

uv.{—r-vv BSEIRINEE [V L}

.
i
3
|
|

+ PE to heavy extremks: 0.19 billion person-days (1.12 times) |
* Model spread is crLss-toiefo Hne > Ftere-PEs-are- — !

indistinguishable from historical ones

4) Population exposure (PE, Jone et al., 2015, 2018; Xie et al. 2021)

= Extreme events x Population count (unit: person-days)

From @2 HHAL MIOILF & H Xi=
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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)

From KAIST 218
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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.
From KAIST 2




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)
From KAIST Z&E w ZHIIE




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.
From KAIST Z&iE us S HIIE
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