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15t Day (9 November 2022)
* Lecture on climate change
\- Lecture on IPCC AR6 y
(2M Day (10 November 2022) A
* Lecture on Climate Change Monitoring and Future Projections <- We are here
* Lecture on assessment of future climate change and introduction to your
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34 Day — 4t Day (11 and 14 November)
e (self-study format) Exercise on Observed Trends and Global Warming

Projection for your country

[5”‘ Davy (15 November) J

e Your presentation (6 minutes per person)




Goal of this seminar
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History of the Earth ’_7‘?‘]7

Earth's formation
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Energy Budget & Global Warming ’_T‘?‘IT

M Increasing concentrations of greenhouse gases due to human activities have
led to an greater trapping of the Sun’s heat and in turn a warming of the
earth’s atmosphere and surface known as global warming.

Global mean energy budget of the Earth for the early 215t century
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Factors of Climate Change ’_“?‘]T

[ Natural Internal Variability ]

* EINifhophenomenon

[ Natural External Factor ]

* Eruption of volcanos
* Fluctuationof Sun’s activity

[ Anthropogenic Factor ]

* Changeof land use
* Emission of greenhouse gases

https://www.data.jma.go.jp/ghg/kanshi/ghgp/co2_e.html



Long-term change of CO2 concentration ’_“?‘]T

the amount of CO2 in the atmosphere reached 413.2 parts \
per million (ppm) in 2020 : : . . .
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Long-term change of global temperature /T

Japan Meteorological Agency

Annual Global Average Temperature Anomalies
10‘ ] I | I 1 ] | ]

Trend=0.73 (°C/Century)
Base Line: 1991-2020 Average

T T T T T

2014-2021: top eight warmest

Annual global average
temperature for 2021 was
the 6t warmest since 1891.

Annual global average
temperature increases at a
rate of about 0.73°C per

Temperature Anomaly (°C)

century.
Japan Meteéjrological Age-éncy The paSt elght yearS (2014
1.5 P —— to 2021) were the eight
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030
Year warmest years for the 131-
Anomalies are deviation from baseline (1991-2020 Average). Vear periOd Since 1981

The black thin line indicates surface temperature anomaly of each year.
The blue line indicates their 5-year running mean.
The red line indicates the long-term linear trend.

https://ds.data.jma.go.jp/tcc/tcc/products/gwp/temp/ann_wld.html 8



Long-term change of global temperature
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Global temperature evolution over the past 60 million years
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Long-term trend of annual temperature ’_“?‘]T

B “Warming accelerated after the 1970s, but not all regions are warming
ter 2)
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Observed Climate Change ’_“?‘]T

(b) Warming accelerated after the 1970s, but not all regions
are warming equally
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Observed Climate Change since 1950s fg‘”

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

confidence im human contribution to the observed changes in the world's regions
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Key Regional Risks in Asia ’_“?‘]T

Subject -
SIXTH ASSESSMENT REPORT to copy IDCC

)
Working Group | — The Physical Science Basis edits INTERGOVERNMENTAL PANEL o ClimaTe chanée g gﬁz

Regional fact sheet - Asia

Common regional changes

@ The observed mean surface temperature increase has clearly emerged out of the range of internal variability
compared to 1850-1900. Heat extremes have increased while cold extremes have decreased, and these
frends will continue over the coming decades (high confidence).

@ Marine heatwaves will continue to increase (high confidence).
@ Fire weather seasons will lengthen and intensify, particularly in North Asia regions (medium confidence).
Average and heavy precipitation will increase over much of Asia (high to medium confidence).

Mean surface wind speeds have decreased (high confidence) and will continue to decrease in central and
northern parts of Asia (medium confidence).

Glaciers are UEC”F‘IIHQ and []EFI'I"IEffﬂS'[ is thﬂWiﬂg- Seasonal snow duration, glE{:iH| mass, and pIEI'I"I'IﬂfI"DST. drea
will decline further by the mid-21st century (high confidence).

Glacier runoff in the Asian high mountains will increase up to mid-21st century (medium confidence), and
subsequently runoff may decrease due to the loss of glacier storage.

|@ Relative sea level around Asia has increased faster than global average, with coastal area loss and shoreline
retreat. Regional-mean sea level will continue to rise (high confidence).

IPCC AR6 WG1 Regional fact sheet - Asia 13
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Global warming threats the water sector .covmsicos

Increased heat absorption due to increased greenhouse gas concentration raises
temperature and then sea levels.

Melting of glaciers, Thermal expansion of Changein Change in snow
Ice caps and ice sheets sea water evapotranspiration  accumulation condition
l ¥ + +
Mloipumrice:  Morsintense  inceseof  NARASLON,  Eodler Siowmek
59cm) Sypuoons precipstation droughts reduction of discharge

More frequent storm
surges and coastal

erosions

Ministry of Land, Infrastructure, Transport and Tourism, Japan. Practical Guidelines on. Strategic Climate Change.
Adaptation Planning. -Flood Disasters- https://www.mlit.go.jp/river/basic_info/english/climate.html 14
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Japan Meteorological Agency

Further impacts of climate change

Change in weather patterns

Rising temperatures, changes in precipitation,
changes in sea surface level, frequency
and intensity of extreme phenomena, etc.

L J
Impact on the
natural environment
Impact on water environments and resources
(Change in water quality, draught, etc.)
impact on natural ecosystems
(Change in wildlife distribution, etc.)

Impact on human society
Impact on agriculture, forests/
forestry and fisheries
(Changes in yield, degradation of quality, etc.)
Impact on natural disasters and coastal conditions
(Flooding/inland water, storm surge/

v coastal erosion, slope failure, etc.)

Impact on human health
(Increased risk for heat illness and infection)

D .

Impact on industrial
and economic activities,

—

lives of citizenry and

urban lives

Ministry of the Environment Ministry of Education, Culture, Sports, Science and Technology Ministry of Agriculture, Forestry and Fisheries
Ministry of Land, Infrastructure, Transport and Tourism Japan Meteorological Agency “Climate Change inJapan and Its Impacts”

https://www.env.go.jp/earth/tekiou/pamph2018_full_Eng.pdf

15



Adaptation and Mitigation

SR

Japan Meteorological Agency

Climate Change
(Global Warming)

Suppress the
increase of greenhouse
gases from human

Impacts

educe unavoidable
impacts with the best
possible mitigation

activities

Mitigation Strategies A

Measures to reduce and absorb
greenhouse gas emissions
[Examples]

€ Energy-saving measures

@ Popularization of renewable energy
& CO, absorption measures

& Capture and storage of CO:

\

\_ J

strategies

d Adaptation Strategies
Preparation for adverse affects and
usage of new climate conditions
[Examples]

4 Drought management

4 Flood control measures and flood
risk management

# Heat stroke prevention and
infectious disease control

4 Development of heat tolerant crops

\‘ Conservation of ecosystems Y.

Ministry of Education, Culture, Sports, Science and Technology, Japan Meteorological Agency, Ministry of the
Environment “Climate Change and Its Impacts inJapan” https://www.env.go.jp/en/earth/cc/impacts_FY2012.pdf

16



History of Climate Change Science o) SR

Atmospheric CO, at Mauna Loa Observatory
T T T T T

1824 Joseph Fourier indicated the existence of greenhouse effect. a20f

Scripps Institution of Oceanography
NOAA Global Monitoring Laboratory

The first permanent
sormeasurement of CO, leyl
'on Mauna Loa, Hawgif.

400

1859 John Tyndall verified the existence of greenhouse effect.

(ppm)

360

1896 Svante Arrhenius estimated the future
temperature change due to global warming.
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1975 MANABE Syukuro (awarded Nobel Prize in Physics) and
Wetherald made the first GCM which can deal with 2xCO2.

I L L I I L I
1960 1970 1980 1990 2000 2010 2020
Year

Their first estimate of global climate sensitivity was 2.93° C https://gml.noaa.gov/ccgg/trends/
1957~58 International Geophysical Year 1980s Improvement of simulation technique for
CO2, aurora, cosmic rays, geomagnetism, gravity, Zleloal SR (el el
solar activity and so on. Q

( 1988 IPCC (Intergovernmental Panel on Climate Change) ]

Scientific intergovernmental body under the auspices of the United Nations, and established in 1988 by
the World Meteorological Organization (WMO) and the United Nations EnvironmentProgramme (UNEP).
IPCC reports cover "the scientific, technical and socio-economic information relevant to understanding
the scientific basis of risk of human-induced climate change, its potential impacts and options for

v adaptation and mitigation.” The 2007 Nobel Peace Prize was shared between the IPCCand Al Gore.

[ 1992 UNFCCC (United Nations Framework Convention on Climate Change) ]

International environmental treaty negotiated at the “Earth Summit” held in Rio de Janeiroin June
1992. The objective is to "stabilize greenhouse gas concentrations in the atmosphere at a level that
would prevent dangerous anthropogenic interference with the climate system (Article 2)“.

https: fcce.int
ps://unfccc |n1/7



IPCC Sixth Assessment Report (AR6) ’_7‘?‘]7

= ® Global Wa rming of 1.5°C, an|IPCC special reporton the impacts of global warmingof 1.5 degrees

Cimate Change and Lind Celsius above pre-industrial levels and related global greenhouse gas emission pathways, in the context of
i strengthening the global responseto the threat of climate change, sustainable development, and efforts to

eradicatepoverty Was launched in October 2018..
* Climate Change and Land,anIPCCspeciaIrepor‘con climate change, desertification, land degradation,

sustainable land management, food security, and greenhouse gasfluxes in terrestrial ecosystems Wa$S launched in

August 2019.

e Special Report on the Ocean and Cryosphere in a Changing Climate was
released in September 2019.

e 2019 Refinement to the 2006 IPCC Guidelines on National Greenhouse
Gas Inventories was released in May 2019.

L L

et * Climate Change 2021: The Physical Science Basis, by IPCC
Working Group | in August 2021

e Climate Change 2022: Impacts, Adaptation and Vulnerability, by
Working Group Il in March 2022

|« Climate Change 2022: Mitigation of Climate Change, by Working
- Group Il in April 2022.

The concluding Synthesis Report is due in 2022 or 2023.

http://www.ipcc.ch/ 18
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47! Session of IPCC at paris on 13-16 March 2018 <3[T

Japan Meteorological Agency
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Célébration des 30 ans du GIEC

Programme de la journée

14.25 | _Présentalion du projet e-Pop
Marie Lise Sabrie et Max Bale (IRD et RF| Planete Radio)

2/ Le GIEC, trente années de vie

14.35 | Le dialogue entre science et politique
Laurence Tubiana (FR), Laurent Fabius (FR), Thelma Krug (BR), Jim Skea (UK)

|EC, entre continuite et rupture
5 Anna Pirani (IT)

Les rapports du
jlos15]|Los rape (SN), Wolfgang Cramer (DE):

John Mitchell (UK), Mariane Diop Kane
on de Nouvelle Calédonie

15.50 | Témoignage de Guilhem Chambored

IPCC’'s 30th anniversary commemoration
19



Key Agreements in International Negotiations ’_‘.‘?ﬂ,_{

1992 1| 2c64 ) Kyoto Protocol
Adaptian af the UN Framework 15, parties ‘take noée"
E-urpmnllmun':lmr.el:l'z'l;e :Il-.cl-fzai;;.lgerlfuitﬂn (CO P3 1997)
IUNFCCC) A/ ’
N - aon ) Legally binding treaty applies to only developed country
1995 17, parties launch the 1
First COF J;:.lilz:":l-af;::-:ln F\:I|r E'll'hal'll-c-bd pa rtles'
3 S —— Reduce their emissions during 2008-2012 and 2013-2020.
= oufcome with l=gal force by
1999 COPZ21 in 25
- ”"‘”“":J‘j”""' P Durban Platform
_-|
2661 ] il?;l:?r:g-g%g].parle: adopt the (COP17’ 2011)
Parti=s adapt the Marrakech Doha Amendment of the Kyofo
Protocol; Kyabo Profocols s=cond . .
B e e commlment perd Set a deadline to agree on new and universal greenhouse gas
soud rmpiters related fa LOCs \|/ reduction protocol with legal force by 2015 for the period
NE Py beyond 2020.
4668 The Faris Agreement is adopéed at
Kyoio Protocal enders into fance CoF21 .
T Paris Agreement
2667 1| | doeparis, (COP21, 2015) PARISZ015
Bali Roadmag adapied at COP13 enters into " SOR21:EMP1L
with a view fio adopling a new . . . . .
cimate change agreement n 2008 ?{E:.ﬂ};..- A universal, legally binding international agreement
e _ Reduce their emissions beyond 2020 to limit global
O 1 warming to well below 2°C, preferably to 1.5°C.
commitmesni period rl’_\:.

Becoming a UNFCCC Delegate: What You Need to Know

https://www.uncclearn.org/resources/library/becoming-a-unfccc-delegate-what-you-need-to-know/ 20



Role of JIMA ®) SRT

Cooperation with related ministries and agencies

S

ipcc HHH

oow c"w' - Center for Climate

BEISLRF RS EA (3L B R 2E AT

RIBEEBEIC L2 —

" Observation, Monitoring and Issuing ]
_ Disaster Prevention Information

Residents

| To prevent disaster

To provide scientific knowledge ][ including provision of training as RCC }1
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JMA's latest Global Warming Projection

Climate Change in Japan 2020
(MEXT and JMA, 2020)
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PRE: 1980-1999
FUT: 2076-2095

This report provides essential information |
for planning and decision-making in

climate —change mitigation/adaptation e .
for impact assessment by national and
local government bodies. o

\*c, four SST clusters

Greenhouse gas emission scenario :
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https://www.data.jma.go.jp/cpdinfo/ccj/index.html
https://www.data.jma.go.jp/cpdinfo/ccj/2020/pdf/cc2020_gaiyo_en.pdf



http://ds.data.jma.go.jp/tcc/tcc/products/gwp/gwp8/html/fig/Fig_1.2-2.png

Future changes in surface temperature ’_“?"T

Surface Temperature & wanryms-  OFRT

Observed changes

® The annual surface temperature over Japan (based on data from 15 observation stations considered to be relatively

uninfluenced by urbanization) increased at a rate of 1.24°C per century between 1898 and 2019.
® Between 1910 and 2019, the annual numbers of days with maximum temperatures of > 30 and > 35°C and minimum
temperatures of > 25°C (referred to here as T,,,, 2 30°C, T,,, 2 35°C and T, 2 25°C days, respectively) have increased,

while those of days with minimum temperatures of < 0°C (referred to here as T, < 0°C days) have decreased. In particular,
the number of T, 2 35°C days has increased significantly since the mid-1990s.

Projections|
2°C Warming Scenario 4°C Warming Scenario
Potential conditions with achievement of the Potential conditions with no future
Paris Agreement’s 2°C target additional mitigation measures
Q':::::::::::ever Ygiao Approx. 1.4°C increase Approx. 4.5°C increase
?:r?: Cael ?e'?:;;irraege Approx. 1.0°C increase Approx. 3.7°C increase e
Tmax 2 35°C days per year Approx. 2.8-day increase Approx. 19.1-day increase 6.0
Tmin 2 25°C days per year Approx. 9.0-day increase Approx. 40.6-day increase ig
T, < 0°C days per year Approx. 16.7-day decrease Approx. 46.8-day decrease 3:0
® Under both scenarios, the annual surface temperature over Japan for the end of the 2.0
215t century is expected to increase, with more T, > 35°C / T, = 25°C days and o
fewer T, < 0°C days in many regions. (1)(5)
® The temperature increase over Japan is greater under the 4°C Warming Scenario than 0'0

under the 2°C Warming Scenario.

® Under the same scenario, higher latitudes correspond to greater increases in for the end of the 215 century (2076 -
temperature. Values are also higher in winter than in summer. 2095 average) relative to the end of the 5
20 century (1980 - 1999 average)

Projections are averages over Japan for the end of the 21 century relative to the end of the 20™ century or present, unless otherwise stated

https://www.data.jma.go.jp/cpdinfo/ccj/2020/pdf/cc2020_gaiyo_en.pdf 23



Future changes in precipitation ~ @557

Precipitation & wpugy s ORI

Observed changes

® While the frequency of daily and hourly extreme precipitation has increased in Japan, that of wet days has decreased (both
statistically significant).

® No statistically significant long-term trend is observed in annual or seasonal precipitation over Japan.

Projections|
2°C Warming Scenario 4°C Warming Scenario
Potential conditions with achievement of the Pans Potential conditions with no future additional
Agreement’s 2°C target mitigation measures

Annual number of days with precipitation = 200 mm Approx. x 1.5 increase Approx. x 2.3 increase
Annual number of events with precipitation = 50 mm/h Approx. x 1.6 increase Approx. x 2.3 increase
Annual maximum daily precipitation Approx. 12% (15 mm) increase Approx. 27% (33 mm) increase
Annual number of days with precipitation < 1.0 mm No statistically significant change Approx. 8.2-day increase

Precipitation = 50 mm/h is torrential rainfall rendering umbrellas useless and creating spray that impairs visibility.

® The frequency and intensity of daily and hourly extreme precipitation over Japan are expected to increase, while those of
wet days are expected to decrease.

® No statistically significant change in annual precipitation over Japan is projected.
There is significant uncertainty in projections on regional and prefectural scales.

® The precipitation system associated with the Baiu (seasonal rain) front in June is expected to intensify and be south of its
normal location.
The projection for July is characterized by significant uncertainty.

Projections are averages over Japan for the end of the 21 century relative to the end of the 20°" century or present, unless otherwise stated. 24



Future changes in snow o) SR
Snowfall and Snow Depth & ypney s QSR

SEIENCE NS TEceadicav-ikran  Japan Melsorological Agency

Observed changes

® Data collected at observation stations on the Sea of Japan side of the country indicate that:
B the annual maximum snow depth in winter has decreased; and
B the annual number of days with snowfall = 20 cm has decreased.

- . n 160
Projections
140 |
2°C Warming Scenario 4°C Warming Scenario
Fatential conditions with achigvementy Fotential conditions with no future 120
of the Paris Agreement's 2°C target additional mitigation me
100 . -
Annual maximum | Approx. 30% decrease | Approx. 70% decrease
snow depth and (except Hokkaido and (except some areas of BO |
snowfall certain other areas) Hokkaido)
60 T
Snowfall period J Shorter 40|
(delayed start, early end)
Heavy snowfall Potential increase in Honshu =
(decadal max. in the / mountainous areas and o
present climate) Hokkaido inland areas A B C D E F G
Maximum snow depth in winter for the end of the 21
® QOutside inland Hokkaido, snowfall and snow depth are expected to century (2076 - 2095 average) standardized by that for the
decrease as global warming progresses, with a higher likelihood of end of the 20% century (1380 - 1999 average) for A) all
) 9 9 prog ' g Japan; B) Sea of Japan side of northern Japan; C) Pacific side
rain. of northern Japan; D) Sea of Japan side of eastern Japan; E)
® Reduced snowfall amounts do not necessarily correspond to reduced Pacific side of eastern Japan; F) Sea of Japan side of western
risk of exceedingly rare incidences of extremely heavy snowfall, It ~ '2Pan: and G) Pacific side of western Japan. Grey, blue and

red bars represent 1) observations for the end of the 20™
century, and projections for the end of the 215 century
under the 2) 2°C and 3) 4°C Warming Scenarios, respectively.

should be noted that the confidence level of this projection is low.

Projections are averages over lapan for the end of the 215 century relative to the end of the 200 century or present, unless otherwise stated. 25



Future changes stated in the report 2 .)_?"T

Projection Summary & wnnryzs- . Q58T

Projected climate conditions for areas in and around Japan Yellow and purple figures represent

. he 2°C 5 i i
for the end of the 21 century relative to the end of the 20" century or present: :Rgp,_‘ Z,’Iﬂ g_scsﬁi?,?l?g, ?:S::t?\fely

PeRETETEte emperature) SealSurfacelilemperature;
Increase Too o RIFayIAts B G Increase ooyl Ma&&)@b

The degree of increase is greater than the global
average due to geographical characteristics (i.e,

greater continental warming than that from ocean
and warm currents).
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O with more T, = 35°C days,
' more T, = 25°C days
and fewer T, < 0°C days

SnowfallErdiSnowlDepth!

Rainfall rather than snow

Reduced Serroosl cejJExtent;

Ongoing risk of heavy snow | ~ ™™ ~:
% g by e X3 ) T2
- Annual maximum daily precipitation increase L
of approx. 12% (15 mm) / 27% (33 mm) LB The Arctic Sea is expected to be
Precipitation > 50 mm/h event increase | practically ice-free by the mid-21% century
by factors of approx. 16 /23 \ a under the 4°C Warming Scenario.

L T gty mqutmmmmmm)
= - Inaremsee Wil Spaxd Stk those eftha Ellokx
~— » and PradiaiEion

a ® Assodiied with Tyghoens

Projections are averages over Japan for the end of the 21 century relative to the end of the 20™ century or present, unless otherwise stated.
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Role of Global Warming Projection Information M’_‘.‘.A

[ Basic data for adaptations ]

Detailed climate change Detailed estimation for Appropriateadaptations
projection information impacts on each sector
Including TCC
Basic data for mitigations ] [ Educational activities ] training seminar

@v%

Promotion of people’seco-friendly activity and
understanding of the government’s efforts
Environmental education 27

GHG emission reduction target
Planning our future society
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Thank you for your attention!
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