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Scientific contents of my today's talk

1. Future climates and extremes:
— Recent assessments on climate changes and impacts

2. Emerging climate extremes:

— Attribution of extremes recently occurred
« Event-based approach
* Probabilistic approach

3. Latest information in CMIP6 climate model community
— Uncertainty in future climate projections
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IPCC Special Reports between AR5 and ARG

October 6, 2018 August 7, 2019 September 25, 2019
IpCC IpCC

INTERGOVERNMENTAL PANEL on ClimaTe change INTERGOVERNMENTAL PANEL oN ClimaTte change

Global Warming of 1.5°C

An IPCC Special Report on the impacts of global warming of 1.5°C
above pre-industrial levels and related global greenhouse gas emission pathways,
in the context of strengthening the global response to the threat of climate change,
sustainable development, and efforts to eradicate poverty

ipcc

ixtercovemswextas rante ow Climate change

The Ocean and Cryosphere
in a Changing Climate

This Summary for Policymakers was formally approved at the Second Joint Session
of Working Groups | and Il of the IPCC and accepted by the 51th Session of the IPCC,
Principality of Monaco, 24th September 2019

Climate Change and Land

An IPCC Special Report on climate change, desertification, land
degradation, sustainable land management, food security, and
greenhouse gas fluxes in terrestrial ecosystems

Summary for Policymakers

(Summary for Policymakers)

(Summary for Policymakers)
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IPCC Special Report on Global Warming of 1.5°C

Cumulative emissions of CO2 and future non-CO: radiative forcing determine

the probability of limiting warming to 1.5°C

« The current global warming is about 1.0°C

a) Observed global temperature change and modeled ° GIObaI Warming W|” ||ke|y reaCh 1_5°C around

responses to stylized anthropogenic emission and forcing pathways
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[ ]Global CO2 emissions reach net zero in 2055 while net
non-COz2 radiative forcing is reduced after 2030 (grey in b, c & d)

probability of limiting warming to 1.5°C

2017 t [ ] Faster CO2 reductions (blue in b & ¢) result in a higher

[] No reduction of net non-CO2 radiative forcing (purple in d)
results in a lower probability of limiting warming to 1.5°C
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« 1.5°C target will be
possible If we success

the net zero emission
In 2055.




IPCC Special Report on Global Warming of 1.5°C

Impacts and risks for selected natural, managed and human systems
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« Each sector has different level of impacts
« Robust difference in impacts between 1.5°C and 2.0°C
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Global mean surface temperature change

relative to pre-industrial levels (°C)

IPCC Special Report on Global Warming of 1.5°C
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IPCC Special Report on Global Warming of 1.5°C

* Heavy rainfalls:

—Higher risk at 2°C than 1.5°C in high latitudes of
the Northern Hemisphere, Eastern Asia, and
North America

* Heat waves intensity:
—At +1.5°C: Heat waves would be higher of 3°C
—At +2°C: Heat waves would be higher of 4°C
« Sea level rise:
—At +1.5°C: 26 cm to 77 cm from now until 2100
—At +2°C: 10 cm higher that that of +1.5 °C
plus 10 millions people relocated

Impact of a global warming at +1.5°C or +2°C rPeospECiLAE o

Adapted from an infographics by Le Monde IAHR 22 March 2020



IPCC Special Report on Climate Change and Land

B. Different socioeconomic pathways affect levels of climate related risks

Desertification Land degradation Food insecurity
(water scarcity in drylands) (habitat degr., wildfire, floods) (availability, access)
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Scientific contents of my today’s talk

1. Future climates and extremes:
— Recent assessments on climate changes and impacts

2. Emerging climate extremes: 2019 July

— Attribution of extremes recently occurred =
« Event-based approach
* Probabilistic approach

3. Latest information in CMIP6 climate model

community
— Uncertainty in future climate projections

““ Meteorological (WMO webpages)
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Attribution of climate extremes

A climate extreme Is due to an attribution or just
crazy weather by chance?

El Nino/La Nina
causes such an
extreme event!

Institute



Attribution of climate extremes

A climate extreme Is due to an attribution or just
crazy weather by chance?

Global warming
causes such an
extreme event!

Institute



Attribution of climate extremes

A climate extreme Is due to an attribution or just
crazy weather by chance?

From a

scientific view
point, we P
cannot exactly

say...

. : Institute



Approach to attributing global warming influences

» Event-based Quantitative Approach

Analysis of differences in specific event simulations under between global
warming and non-global warming conditions

e.g. storyline approach leg. Kawaseetal. 2012; Takayabu et al. 2015]

Contribution of global warming can be quantified for a specific event but
change in frequency cannot be discussed as climatology.

» Probabilistic Qualiative Approach

Analysis of changes in frequency of extremes due to global warming in a
huge ensemble simulations with climate models.

e. g _event attn bUt|On [e.g., Pall et al., 2011; Imada et al., 2014, 2019; Kawase et al. 2019, JGR]

Changes in frequency can be discussed as climatology but attribution of
global warming cannot be discussed for an actual extreme event

IAHR 22 March 2020



Approach to attributing global warming influences

A set of experiments
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Dynamical downscaling with MRI-AGCM and NHRCM

2km Regional Model
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Scientific contents of my today’s talk

1. Future climates and extremes:
— Recent assessments on climate changes and impacts

2. Emerging climate extremes:

— Attribution of extremes recently occurred
 Event-based approach
* Probabilistic approach

3. Latest information in CMIP6 climate model community
— Uncertainty in future climate projections
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Approach to attributing global warming influences

Probabilistic approach Large ensemble
A set of experiments

Non-Warming

Present-day

Warming
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Heavy Rain Event of July 2018 in Japan

(Ministry of Land, Infrastructure, Transport and Tourism, Japan)
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Heavy Rain Event of July 2018 in Japan

Total ralnfall (10 da s) Record breakmg (72h ralnfall)
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50 100 150 zoo 400 600 800 1000
[mm]

1214.5mm s " % £5e % zoo
e TR T Pt W \.,-‘.,3 2 S \’ l 100
904.5mm X {:_.g? % 4 R - e _Jgg
=AY \] 0.5
‘o F \j Highest on record
1,8525m m T Highest in July on record

Shinpo et al. (2019) - 995.5mm
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Fatalities Completely Inundations References: Cabinet Meteorological
destroyed above floor Office, Government of systems
level Japan
(persons) (buildings) (houses)
July 1982 Magasaki city 299 584 17,909 (2005) L5+SBF
August 2014 Hiroshima city 76 179 1086 (2015) LS+SF
Septem ber Kanto and 8 80 1925 (2016) L5+RTC
2015 Tohoku
July 2017 Morthern Kyushu 42 325 22 (2018a) L5+SBF
A5 Meteorological July 2018 Western Japan m 6296 8929 (2018b) L5+SBF
Fxammn D) evomch (TCC, JMA, 2018; and Tokai
/ Institute Tuguti et al, 2018; Land Slides) region




Meteorological overview of heavy rain event of July 2018

| £ AVAN (B) Lower level e

(B) Upper-level trough moved || cold air mass flew
slowly to the southeast and || in and enhanced
enhanced the upward motion the front activit
near the western Japan

(B) Record-breaking rain
due to the concentration of
' continuous moist airflow
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Simulation of the heavy rain event (Current)

» Model: NHRCM: Non—Hydrostatic Regional Climate Model [Sasaki et al. 2008]

» Horizontal resolution: 20km, 5km, 2km (one—way nesting) with vertical 50 layers

> Initial and boundary conditions: Japan 55-year Reanalysis (JRA—55)

> Sea surface temperatures: COBE SST with 1° resolution

> Initial time: June 20 (20km), June 22 to 26 (5km), June 27 (2km)
¢ 5 ensembles for 5km
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» Physical parameterization in

[Convection scheme] Kain and Fritsch (1993) for 20km/5km

[Cloud microphysics] lkawa et al. (1991) for 20km/5km/2km

[Clear sky radiation] Yabu et al. (2005)

[Cloud radiation] Kitagawa (2000)

[Land surface] Improved MJ-SiB (iSiB) [Hirai and Oh’ izumi, 2004]
p [Boundary layer] MYNN scheme [Nakanishi and Niino, 2004]
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Non-warming experiment (Non-warming)

Changes in mean 1000-hPa
air temperature around Japan
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Representation of heavy rainfall with 2km NHRCM (Current)

2km NHRCM (Current)
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Heavy rainfall is well captured
in western Japan and Gifu

Jun 28 to July 8

Land area mean

Current

268.7mm

Observation

397.0mm

s Radar/Rainguage-Analyzed
sl rainfall
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(Kawase et al. 2019, in review, BAMS)



Differences between current and non-warming

Current mean

. @ | Land area mean
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Time series of regional-mean hourly and accumulated rainfall
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Lines: Accumulated precipitation
Black: CTL runs
Blue: DeTRND runs
Shading: Hourly precipitation

Influence of recent warming
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Attribution of climate extremes

A climate extreme Is due to an attribution or just
crazy weather by chance?

From a

scientific view
point, we can

say
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Scientific contents of my today’s talk

1. Future climates and extremes:
— Recent assessments on climate changes and impacts

2. Emerging climate extremes:

— Attribution of extremes recently occurred
« Event-based approach
* Probabilistic approach

3. Latest information in CMIP6 climate model community
— Uncertainty in future climate projections
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Emerging climate extremes: Heavy rains in Kyusyu

5-Level Warning System

Warning Level Action to take Information provided by Wearther alerts issued
local government by JMA

Level of 50-yr return period

You should check ” Rain / flood / storm surge
2 evacuation behaviors Advisories advisories etc. =

1 You should stay on alert
for disasters

1ly 5to 6, 2017 586 mm

Early warning infromation -

(NHK;
https://www3.nh
k.or.jp/nhkworld/
en/news/ataglan
ce/483/)

o ‘ : ; (https://ja.m.wikipedia.org wikifog) 3%83°
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Approach to attributing global warming influences

: semble vent-based approach: Hig
T herizentaliesolution— o

A set of experiments
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database for Policy Decision making for Future climate change

—
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Themes A-C collaboration

Global average surface temperature change
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(Mizuta et al. 2016, BAMS)
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database for Policy Decision making for Future climate change

e

TOUGOU Global average surface temperature change
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Extreme daily rainfall in July (all members in NHRCM)

95%ile daily rainfall (Current) Topography
45N ' Vh."‘ ’ 1000
120 1250 Current: current
simulation,
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(Kawase et al, 2019; JGR)



Extreme daily rainfall in July (all members in NHRCM)
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120
40N 105
920
35N o5
30N *
45
25N 30
15
20N

130E 140E 150E

Current

/\ Meteorological

¢| MMWAR | Research

\:‘%‘/ Institute

Larger in Current

12.5
Current; current

Ve simulation, .
NonW: non-warming
° simulation
2.5
(o]
—-2.5
-5
—-7.5
I —10

I —12.5 %

Smaller in Current

(Kawase et al, 2019; JGR)



Correlation between
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=» Heavy rainfall occurs due to
enhanced Pacific High, troughs, and
southwesterly moisture advection
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Negative correlation over Northwestern
Pacific to East China Sea

=» Heavy rainfall relates to cyclonic
circulation (typhoon??)
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Western Kyushu

with typhoon density

OF 180 170
~ [1981-201(
No or small negative correlation

1600 150W

2010

Eastern Kyushu

180

[1981-2010]

TC track data was
obtained from K.
Yoshida (MRI).

Clear positive correlation with Typhoon density
and heavy rainfall in Eastern Kyushu (Kawase et al, 2019; JGR)



Breakthrough in the attribution of an extreme event

Expansion of | Good reproductivity of rainfall with dynamical Downscaling with
d4PDF | 20-km NHRCM is bringing breakthrough in regional EA and flood design

Previous studies Study Flood design

Explicit analysis gf rainfall Societal implementation
{ﬁ? Current

Correlation between heavy rainfall proxy and Number of days with heavy
large scale circulations
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awase et al. ( ) Frequency of heavy rainfall in

the western Kyushu

Increase trend in heavy rainfall in western Kyusyu ey B
» Water vapor convergence induces heavy rainfall 000 B fe do

-EEFE

» Increase in precipitable water increases the frequency of heavy rainfall
» Global warming enhances water vapor fluxes
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Attribution of climate extremes

A climate extreme Is due to an attribution or just
crazy weather by chance?

From a

scientific view
point, we can

say
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Scientific contents of my today’s talk

1. Future climates and extremes:
— Recent assessments on climate changes and impacts

2. Emerging climate extremes:

— Attribution of extremes recently occurred
« Event-based approach
* Probabilistic approach

3. Latest information in CMIP6 climate model community
— Uncertainty in future climate projections
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High climate sensitivity in CMIP6 models

Equilibrium climate sensitivity

Deqgrees Cwarming for doubled CO2

|
AR5 CMIP5

;| Research IPCC ARS assessed range CMIPS models
itute



Warming (°C rel. to 1850-1900)

High climate sensitivity iIn CMIP6 models

— CNRM-ESM2-1 CM|P6

— CNRM-ESM1 209012100 average

i ~ CMIPS

CNRM-ESM

1900 1950 2000 2050 2100 (Séférian et al. in prep.)

Time (year) (http://ww.umr-cnrm.fr/cmip6/spip.php?article10)



How can you tell a future climate to public?

Climate analogue: matching the expected future climate

at a target city with current climate of another
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Future rainfall in Panama canal region

(a) Observation and models
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Panama Canal closes because of flooding

Ey the CNN Wire Staff
2010 - Updated 0256 GMT (

December 9, 2010

(Kusunoki et al, 2019; JGR)



Scientific contents of my today’s talk

1. Future climates and extremes:
— IPCC Special Reports provides the latest assessments

—1.5°C target will be possible if we success the net zero
emission in 2055.

—Global warming impacts is emerging in a current world.
2. Emerging climate extremes:

— Attribution of extremes recently occurred to global warming in
scientific approaches

3. Latest information in CMIP6 community

— Global warming is projected to more rapid in CMIP6 than in
CMIP5




Thank you for your attention!

_ﬁ
Integrated Research Program
7 for Advancing Climate Models




