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Global warming in observations

(b) Warming accelerated after the 1970s, but not all regions .
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It is warming almost everywhere It is warming rapidly
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Human-induced global warming L
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“It is unequivocal that human influence has warmed the atmosphere, ocean and land.” (IPCC ARG
WGI, SPM Headline Statements)

“Human-induced climate change is already affecting many weather and climate extremes in every
region across the globe.” (IPCC ARG WGI, SPM Headline Statements)

(b) Change in global surface temperature (annual average) as observed and
simulated using human & natural and only natural factors (both 1850-2020)

°%€
2.0

Climate models

1.5

observed

{ simulated

human & fa Ctu al

natural

1.0

0.5

simulated

00 it AN g ealony conterfactual

i volcanlc) o —

Rl rieeliistd

7

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

-0.5

(IPCC AR6 WG, 3
1850 1900  SPMyko 2000 2020




Attribution of extreme weather events
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in May

Event attribution is a scientific methodology for quantitatively N 2
assessing the extent to which human-induced global warming and i Center Japan
other climate variability have contributed to extreme weather BHSKR7ZNE1—vavtyy— @
events.
2025!
factual coun t _C tual Ty
- s N Extreme weather event

attribution in Japan

Weather Attribution Center Japan (WAC Japan) assesses how human-induced climate
change as well as other climate variability affect the likelihood and intensity of extreme
weather events across Japan and shares these findings with the public.

About WAC Japan
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Global Warming Contributed to
Record-High Temperatures in

An event attribution analysis using the WAC Japan method indicates the
record-high temperatures of July 2024 could not have occurred without

https://weatherattributioncenter.jip/en/
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“I think we can very confidently say that every heatwave
occurring has been made more intense and more likely

because of climate change” Dr Friederike Otto
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In Fukuoka, Japan (CNN World)



https://www.euronews.com/green/2022/07/20/people-flee-their-homes-as-wildfires-sweep-europe-in-unprecedented-heatwave
https://edition.cnn.com/2022/10/05/world/northern-hemisphere-drought-climate-intl/index.html
https://disasterphilanthropy.org/disasters/2024-south-asia-floods/
https://www.worldweatherattribution.org/climate-change-supercharged-late-typhoon-season-in-the-philippines-highlighting-the-need-for-resilience-to-consecutive-events/
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FAQ 11.1: How will changes in climate extremes compare with changes in climate averages?

The direction and magnitude of future changes in climate extremes and averages depend on the variable considered.

4oC Climate average Climate extreme

warming
Future changes in temperature

averages and extremes
will be similar

Future changes in precipitation
averages and extremes
can be very different
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Extreme weather events have increased 5
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Climate change is already affecting every inhabited region across the globe,
with human influence contributing to many observed changes in weather
and climate extremes

(a) Synthesis of assessment of observed change in hot extremes and

confidence in human contribution to the observed changes in the world'’s regions
Type of observed change
in hot extremes

North —
America |
‘ Increase (41)
Decrease (0)
3
U Low agreement in the type of change (?) - frlnal‘lj
AN ~ Islands
O Limited data and/or literature (2] i‘:gfcla ‘

Small
Islands

Confidence in human contribution
to the observed change

eee High
®e® Medium
® Low due to limited agreement
O Low due to limited evidence

South
America

e/ Type of observed change since the 1950s

IPCC AR6 WGl reference regions: North America: NWN (North-Western North America, NEN (North-Eastern North America), WNA
(Western North America), CNA (Central North America), ENA (Eastern North America), Central America: NCA (Northern Central America),
SCA (Southern Central America), CAR (Caribbean), South America: NWS (North-Western South America), NSA (Northern South America), NES
(North-Eastern South America), SAM (South American Monsoon), SWS (South-Western South America), SES (South-Eastern South America),
SSA (Southern South America), Europe: GIC (Greenland/Iceland), NEU (Northern Europe), WCE (Western and Central Europe), EEU (Eastern
Europe), MED (Mediterranean), Africa: MED (Mediterranean), SAH (Sahara), WAF (Western Africa), CAF (Central Africa), NEAF (North Eastern
Africa), SEAF (South Eastern Africa), WSAF (West Southern Africa), ESAF (East Southern Africa), MDG (Madagascar), Asia: RAR (Russian
Arctic), WSB (West Siberia), ESB (East Siberia), RFE (Russian Far East), WCA (West Central Asia), ECA (East Central Asia), TIB (Tibetan Plateau),
EAS (East Asia), ARP (Arabian Peninsula), SAS (South Asia), SEA (South East Asia), Australasia: NAU (Northern Australia), CAU (Central
Australia), EAU (Eastern Australia), SAU (Southern Australia), NZ (New Zealand), Small Islands: CAR (Caribbean), PAC (Pacific Small Islands)

Each hexagon corresponds
to one of the IPCC AR6
WGl reference regions

North-Western
North America

(b) Synthesis of assessment of observed change in heavy precipitation and

confidence in human contribution to the observed changes in the world’s regions
Type of observed change

in heavy precipitation Nl — s 2 5 N S )
America | ——  [urope ( ‘ (

‘ Increase (19) ‘

O Decrease (0) ‘

E J Low agreement in the type of change (8)

Small
~. Islands

Central
America

O Limited data and/or literature (18)

Confidence in human contribution
to the observed change

eee High
ee Medium
® Low due to limited agreement

Australasia

South — || S
America |

o Zal Type of observed change since the 1950s

O Low due to limited evidence

(c) Synthesis of assessment of observed change in agricultural and ecological drought

and confidence in human contribution to the observed changes in the world’s regions
Type of observed change

in agricultural and ecological drought

PN
O Increase (12)
‘ Decrease (1)

O Low agreement in the type of change (28)

S < % N SN o
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North A
America ‘

Central
America

m Limited data and/or literature (4)
.

Confidence in human contribution
to the observed change

ee®e High
®e® Medium
® Low due to limited agreement

South ——
America

O Low due to limited evidence

(IPCC AR6 WG,



Fluctuations along the long-term A
warming

The warming was paused and accelerated for some
decades.

The 2023-2024 period was an unprecedentedly warm year
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Natural climate variability is a

matter
Pacific Decadal Oscillation (PDO;
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the steady background warming at any point in
time,” K. Trenberth (2015, Science)
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El Nino-Southern Oscillation

(ENSO) o

— 3 BNORsMILES L WY V& BEISIRRJTY
communicated throughout the tropical troposphere,”
S.-P. Xie et al. (2024, Nature)

Global temperature anomalies by El Nino and La Nina conditions

The difference between a month's average land-sea surface temperature and the 1991-2020 average of the
same month, measured in degrees Celsius. It is classified as El Nifio* or La Nifia? based on the Oceanic Nifio
Index, which tracks warming or cooling patterns in the central Pacific Ocean.

Strong La Nina La Nina Neutral El Nifio

Strong El Nifo 2023 202
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https://ourworldindata.org/global-temperatures-el-nino-la-nina
https://doi.org/10.1126/science.aac9225
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ENSO amplitude ENSO sea surface temperature variability increased after 1960,
chang influenced by more frequent strong El Nifio and La Nifa events.
DIF Endx elh?)bservation 0 Anthropogenic greenhouse gas forcing might have already
contributed to an increase in ENSO variability
oo Six out of seven climate model large ensemble means exhibit a
e Pacific continuous increase in E-index
0 The continuous increase reinforces that the post-1960 ENSO
L, Y . S enhancement is likely a part of the long-term change.
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What enhances the ENSO
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variability?

Both the increased greenhouse gases and aerosol emissions may enhance

ENSO
Detection & Attribution In MIROCG6 Large

Model Intercomparison Project 75 Ensemble
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Amplified ENSO damages the economy 5

“In an emissions scenario consistent with current mitigation pledges [SSP2-4.5],
increased ENSO amplitude and teleconnections from warming are projected to
cause $84 trillion in 21st-century economic losses,” Callahan and Mankin (2023,
Science)

Increased amplitude enhanced teleconnections

A Global damages from El Nino change
A CMIP6 amplitude changes B CMIP6 teleconnection changes H
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Takehome messages

Extreme weather events have been changed by human-induced warming

Observed increases in hot extremes, heavy precipitation, & drought are attributable to global warming.

Changes in natural climate variability need to be paid attention to

ENSO may be enhanced under global warming, increasing the damage to global economic growth.

We need to prepare for both global warming & climate variability changes

| y y A part of the studies presented today was supported by the Ministry of Education, Culture,
Contact: Sports, Science and Technology of Japan (grant numbers JPMXD0722680395 &

hayashi.michiya@nies.go.jp “JPZTRT3993).



National
Institute for

Environmental
Studies, Japan

14



National
Institute for

Environmental
Studies, Japan

Observed changes in temperature
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CMIP6 Response at global warming level (GWL)
SSP3-7.0 (20-yr GSAT means) / 3 (i gt 5 National
SSP1-2.6 (20-yr GSAT means) Temperature change at 4°C Precipitation change at4°C 'E“n"’&IEEL%ISL o
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The climate
response at a given
GWL is estimated
based on an
average across all
models and all SSP
scenarios in CMIP6
in which the
corresponding GWL
IS reached.

//,
//

Temperature change at 2°C Precipitation change at 2°C

I I I I I I
2000 2020 2040 2060 2080 2100

Timing of GWL f
CMIP6 range (table 4.2 and Hauser et al. 2021) BT 2 T CC A %o

5 43 252150152253 4 5 40 30 -20 <10 0 10 20 30 40

2°CInSSP3-70 ¢ 4SS 909 o
2°CinSSP1-26 « B e% ®we & o . @
[ [ | [ [ [
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The best estimate and likely range when a
GWL is crossed is not based on CMIPG only
but on the GSAT assessment in section 4.3.4.

. Timing2°C | Best estimate | Very likel
Assessed GSAT range (table 4.5 and section 4.3 .4) 52,1;"191 9 = Im?\jz ;\T,I\y N
2°C in SSP3-7.0 - SSP1-26 NA | (2031-50 to NA)
2°C in SSP1-2.6 SSP245 2043-62 | (2028-47 to 2075-94) 16
T | | | | ! SSP3-7.0 2037-56 | (2026-45 to 2053-72)
2000 2020 2040 2060 2080 2100  [SSP585 2032-51] (2023-42 to 2044-63)
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FAQ 11.2: Will climate change cause
unprecedented extremes?

Yes, in a changing climate,
extreme events may be
unprecedented when they occur with...

@ Larger magnitude

Increased frequency

* New locations

@ Different timing

New combinations (compound)

18

QT
m©




National
Institute for
Environmental

Studies, Japan

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-11/
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ENSO has been changed & will

change
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ENSO amplified from pre- to
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Extreme weather events have increased 5
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Climate change is already affecting every inhabited region across the globe,
with human influence contributing to many observed changes in weather
and climate extremes

(a) Synthesis of assessment of observed change in hot extremes and

confidence in human contribution to the observed changes in the world'’s regions
Type of observed change
in hot extremes

North —
America |
‘ Increase (41)
Decrease (0)
3
U Low agreement in the type of change (?) - frlnal‘lj
AN ~ Islands
O Limited data and/or literature (2] i‘:gfcla ‘

Small
Islands

Confidence in human contribution
to the observed change

eee High
®e® Medium
® Low due to limited agreement
O Low due to limited evidence

South
America

e/ Type of observed change since the 1950s

IPCC AR6 WGl reference regions: North America: NWN (North-Western North America, NEN (North-Eastern North America), WNA
(Western North America), CNA (Central North America), ENA (Eastern North America), Central America: NCA (Northern Central America),
SCA (Southern Central America), CAR (Caribbean), South America: NWS (North-Western South America), NSA (Northern South America), NES
(North-Eastern South America), SAM (South American Monsoon), SWS (South-Western South America), SES (South-Eastern South America),
SSA (Southern South America), Europe: GIC (Greenland/Iceland), NEU (Northern Europe), WCE (Western and Central Europe), EEU (Eastern
Europe), MED (Mediterranean), Africa: MED (Mediterranean), SAH (Sahara), WAF (Western Africa), CAF (Central Africa), NEAF (North Eastern
Africa), SEAF (South Eastern Africa), WSAF (West Southern Africa), ESAF (East Southern Africa), MDG (Madagascar), Asia: RAR (Russian
Arctic), WSB (West Siberia), ESB (East Siberia), RFE (Russian Far East), WCA (West Central Asia), ECA (East Central Asia), TIB (Tibetan Plateau),
EAS (East Asia), ARP (Arabian Peninsula), SAS (South Asia), SEA (South East Asia), Australasia: NAU (Northern Australia), CAU (Central
Australia), EAU (Eastern Australia), SAU (Southern Australia), NZ (New Zealand), Small Islands: CAR (Caribbean), PAC (Pacific Small Islands)

Each hexagon corresponds
to one of the IPCC AR6
WGl reference regions

North-Western
North America

(b) Synthesis of assessment of observed change in heavy precipitation and

confidence in human contribution to the observed changes in the world’s regions
Type of observed change

in heavy precipitation Nl — s 2 5 N S )
America | ——  [urope ( ‘ (

‘ Increase (19) ‘

O Decrease (0) ‘

E J Low agreement in the type of change (8)

Small
~. Islands

Central
America

O Limited data and/or literature (18)

Confidence in human contribution
to the observed change

eee High
ee Medium
® Low due to limited agreement

Australasia

South — || S
America |

o Zal Type of observed change since the 1950s

O Low due to limited evidence

(c) Synthesis of assessment of observed change in agricultural and ecological drought

and confidence in human contribution to the observed changes in the world’s regions
Type of observed change

in agricultural and ecological drought

PN
O Increase (12)
‘ Decrease (1)

O Low agreement in the type of change (28)

S < % N SN o
@ ’ = pe | b“ | |

North A
America ‘

Central
America

m Limited data and/or literature (4)
.

Confidence in human contribution
to the observed change

ee®e High
®e® Medium
® Low due to limited agreement

South ——
America

O Low due to limited evidence

(IPCC AR6 WG,



