1ge and the

t

ﬁ”’ge of- Eg ional and
bal sustainability

il
N

Paulo Artaxo
University of S3o Paulo, Artaxo@if.usp.br



g g g COMFERENCIADELAS
NACIONES UNIDAS SOBRE
MEDIO AMBIENTE HUMANO
ESTOCOLMO'72

N

’/' "UNA SOLATIERRA"

The Stockholm United Nations Conference ‘1180;‘; TE;"(’JE;TURE CHANGE
On the Human EnVironment = happenEd in Graphic: @ SCOTTDUNCANWX

1972, 50 Years ago

RIO+20

United Nations
Conference on
Sustainable
Development

Rio 92: 30 Years ago

Rio+20: 10 Years ago

225 UNCUMATE | | |
W@ GHANGE A TS S0 T W WU [ee 000 w®
We are at the COP-26: in 2021 . Ty
T cori—/ COP26

MARCH, 1995 Oct/Nov, 2021

Deviations from the 1951-1980 means
DATA: GISS Surface Temperature Analysis, version 4 Source: hitps.J/idata.giss.nasa.govigistemp/




INTERGOVERNMENTAL PANEL ON ClimaTe change

The Ocean and Cryosphere
Climate Change and Land in a Changing Climate

This Summary fo Polcymalerswas fomally approved a the Second Jont Sesson
AnIPCC SpecalReport o cimate change, desertfcation, land ofVorking Group | and I of the PCC and acepte by the 51th essonofthe IPCC

degradation,sustainable land management, food securty,and - Principality of Monace, 24thSeptember 2019
greenhouse gas fluxes in terestrial ecosystems y
Summary for Policymakers

(Summary for Policymakers)

sremsovsmga e on GMATE chimee

ror
GEGRiiness

pt toSuriv: Business

y

romises R
transformation in a time of uncs

LaND
DEGRADATION AND not yet delivered
RESTORATION

Innovations for
Sustainability

ipbes

Pathways to an efficient and itin America
sufficient post-pandemic future 5 and the Caribbean

IPCC Fifth Assessment Report  dpras u o Thematic Report

 Sstabictond aragement
e lmat hang Rpraion
Synthesis Report
v i R T
o e 0l Y R
| = - NS

“wpors  Emissions Gap
Y Report




SUSTAINABLE
DEVELOPMENT

sustainil ISUSTAINABLER:

~_developing goals
gumit [ 4 [oum o
/v | N @‘ E
ends on a stable climate
N T (N CE Y
L Pl |E| %D

1 LIFE BELOW
WATER




“ Recent changes in the climate
are widespread, rapid, and
intensifying, and
unprecedented in thousands
of years.




“ Unless there are immediate,
rapid, and large-scale
reductions in greenhouse gas
emissions, limiting warming to
1.5°C will be beyond reach.



Global net anthropogenic emissions have continued to rise across all major groups of greenhouse gases.

GHG emissions (GtCOx-eq yr')

a. Global net anthropogenic GHG emissions 1990-2019 ©
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Human influence has warmed the climate at a rate that is unprecedented
in at least the last 2000 years

Changes in global surface temperature relative to 1850-1900

a) Change in global surface temperature (decadal average) b) Change in global surface temperature (annual average) as observed and

as reconstructed (1-2000) and observed (1850-2020) simulated using human & natural and only natural factors (both 1850-2020)
OC OC
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Temperature anomaly (°C)

South America:
(a) temperature
anomaly (°C) and
(b) precipitation
anomaly (%)
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O aquecimento observado é provocado por emissdes antropogénicas, com
aquecimento associado aos gases de efeito estufa parcialmente

mascarado pelo resfriamento provocado pelos aerossdéis. OC
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O aquecimento observado é provocado por emissdes antropogénicas, com
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Resulting Atmospheric
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N,O

2

! I
1.68 [1.33 t0 2.03]
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0.18[0.01 to 0.35]

0.17[0.13t0 0.21]

Anthropogenic

Short Lived Gases and Aerosols
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NMVOC
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X

€O, CH, O,
Co, CH, O,
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Cloud Adjustments
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due to Land Use
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Total Anthropogenic

RF relative to 1750
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| |
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Aerosol and cloud lifecycles
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high variability visible — it
also applies to aerosol

composition and the trace

gases!



Clouds as active aerosol processors in the atmosphere
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A evidéncia cientifica é inequivoca:
mudancas climaticas sao uma
ameaca ao bem estar humano e a
saude do planeta.

Qualquer atraso em uma agao

global, coordenada e conjunta,
levara a perda de uma breve janela,
gue se fecha rapidamente, para
assegurar um futuro habitavel.




— A menos que haja

([ reducoes imediatas,
rapidas e em grande escala
nas emissoes de gases de
efeito estufa, limitar o
aquecimento a
2,0 ° C pode ser impossivel




GHG Emissions from Brazil

Land use change is responsible for 44% of Brazil GHG emissions in 2019

2019
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Emissions and sinks of GHG in Brazil — SEEG 2020
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Future emissions cause future additional warming, with total warming
dominated by past and future CO, emissions

a) Future annual emissions of CO, (left) and of a subset of key non-CO, drivers (right), across five illustrative scenarios

Carbon dioxide (GtCO,/yr) Selected contributors to non-CO, GHGs
Methane (MtCH,/yr)
140
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SSP5-8.5 600
120 400 SSP5-8.5
SSP2-4.5
200 SSP1-2.6
100 0, SSP1-1.9
2015 2050 2100
80 S5P3-7.0 Nitrous oxide (MtN,O/yr)
20 SSP3-7.0
0<— - 245
SSP1-1.9
40 0
2015 2050 2100
20 One air pollutant and contributor to aerosols
SSP2-4.5 Sulfur dioxide (MtSO,/yr)
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Future emissions cause future additional warming, with total Figure SPM.4
warming dominated by past and future CO, emissions

Change in global surface temperature in 2081-2100 relative to 1850-1900 (°C)

SSP1-1.9 SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5
°C °C °C °C °C
6 6 6 6 6
5 5 5 5 5
4 4 4 4 4
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2 2 2 2 2
1 i I 1 1 I 1 i 1 i
0 B _ i = 0 H = O , 0 m
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| | I | | I | | I | | | I | | | | | | |
Total CO, Non-CO, Aerosols Total CO, Non-CO, Aerosols Total CO, Non-CO, Aerosols Total CO, Non-CO, Aerosols Total CO, Non-CO, Aerosols
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With every increment of global warming, changes get larger in
regional mean temperature, precipitation and soil moisture

b) Annual mean temperature change (°C) Across warming levels, land areas warm more than oceans, and the Arctic
relative to 1850-1900 and Antarctica warm more than the tropics.
Simulated change at 1.5 °C global warming Simulated change at 2 °C global warming Simulated change at 4 °C global warming
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With every increment of global warming, changes get larger in
regional mean temperature, precipitation and soil moisture

C) Annual mean precipitaﬁon Change (%) Precipitation is projected to increase over high latitudes, the equatorial
. _ Pacific and parts of the monsoon regions, but decrease over parts of the
relative to 1850-1900 subtropics and in limited areas of the tropics.
Simulated change at 1.5 °C global warming Simulated change at 2 °C global warming Simulated change at 4 °C global warming
=S T =

Relatively small absolute changes
may appear as large % changes in
regions with dry baseline conditions
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With every increment of global warming, changes get larger in soil moisture

d) Annual mean total column soil Across warming levels, changes in soil moisture largely follow changes in
precipitation but also show some differences due to the influence of

moisture change (standard deviation) evapotranspiration

Simulated change at 2 °C global warming Simulated change at 4 °C global warming

Simulated change at 1.5 °C global warming

Relatively small absolute changes -

may appear large when expressed <. .45 .10 -05 0 05 10 15 -
in units of standard deviation in dry ..

. S . Change (standard deviation
regions with little interannual L Wettor

variability in baseline conditions Drier
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Aumento
futuro nas
temperaturas
maximas

Future rises in peak temperature

The increase in the maximum 20-year return value of maximum daytime
temperature late this century (2081-2100) relative to 1986-2005, based
on the average of many climate models, is shown. Projections based on a
strong mitigation scenario [Representative Concentration Pathway (RCP)
4.5] (top) and a high-emission scenario (RCP8.5) (bottom) are shown.

Science
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Steven C. Sherwood Science 2020;370:782-783
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Risks: Impacts
on food yield
ina3°C
hotter planet

Percentage change in yields between present and 2050

World Economic Forum: Gloi [ . T i
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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) @

O Low agreement in the type of change (2)

Small

ﬁ Islands

O Limited data and/or literature (2) Central —

America ‘
\/

Small
Islands

Confidence in human contribution
to the observed change

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

South —

America Australasia —

Type of observed change since the 1950s



Extreme weather events more frequent all over the places

Cientistas associam fortes chuvas na Europa as

socia CANADA
mudancas climaticas —
Hundreds died in the West's heat ; 28 June 2021 .

wave in June 2021.

Record breaking

Europa e disparam alerta contra mudangas climaticas

. . . .
Precipitacao bate recordes na Alemanha e, com mais de 1.300 desaparecidos, 52 Ce I S I u S I n Ca I |f0 rn Ia

ndmero de vitimas deve aumentar

MAIOR CHUVA EM UM SECULO NA
ALEMANHA

O desastre da chuva na Alemanha e Bélgica fez com que diversos
cientistas estudiosos das mudancas climaticas alertasse que estes
eventos extremos de precipitacdo tendem a se tornar cada vez mais
comuns.

Central Brazil: The strongest
drought in 100 years

Negro River: Highest level in
119 Years in Manaus in 2021




*partes par milhao

O ESTADO MUNDIAL DO CLIMA

Os indicadores-chave das mudangas climaticas bateram recordes em 2021, segundo relatdrio da OMM®
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Strong heat wave reach Europe, Asia,
and North America simultaneously

24/07/2022, 10:23

Heatwave: Ferocious European heat heads north - BBC News
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Heatwave: Ferocious European heat heads north

By Paul Kirby
BBC News

Fire danger forecast for Europe, 19 July
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Source: Copernicus, ECMWF/FWI




Riscos: Aumento na intensidade e frequencia
de eventos climaticos extremos

numbers of loss-relevant natural events

800 -
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Number of events

200 4

100 4

Nirriirininiininininninininnnnniininini]

OANDA DD DIH O AN DO NOINNI DDA RO LD DT HLA DO .ON VD >0 A
PR R R R R R R R DD DO DD DO ERRS RIS RIS
NSNS NN N SN NN NI PN PN NI S0 SIS S I SIS S IO SIS SIS SR SIS SIS
Year
[ Geophysical events Meteorological events

(Earthquake, tsunami, volcanic activity) (Tropical cyclone, extratropical storm, convective storm, local storm)

Hydrological events Climatological events

(Flood, mass movement) (Extreme temperature, drought, forest fire)

Source: Munich Re (2017)

J4 esta ocorrendo desde a década de 80
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Projected changes in extremes are larger in frequency and intensity with
every additional increment of global warming

Hot temperature extremes over land

10-year event 50-year event
Frequency and increase in intensity of extreme temperature Frequency and increase in intensity of extreme temperature
event that occurred once in 10 years on average event that occurred once in 50 years on average
in a climate without human influence in a climate without human influence
Future global warming levels Future global warming levels
1850-1900 Present 1°C 1.5°C 2°C 4°C 1850-1900 Present1°C  1.5°C 2°C 4°C
n 4
° ° ° o S 0e3®
o W | v | W | W | W | ¢ g o N o
[ [ ] [ ]
o =
g Y
[} Once now likely will likely will likely will likely g Once now likely will likely will likely will likely
8 occurs occur occur occur o oceurs occur occur occur
bhref 2.8 times 4.1 times 5.6 times 9.4 times i} 4.8 times 8.6times 13.9times 39.2 times
& 18-32) (2.8-4.7) (3.8-6.0) (8.3-9.6) o (2.3-64) 43-10.7) (6.9-16.6) (27.0-41.4)
9 ieoc @ +6°C
o +5°C g +s°C
2w B
t +3°C = +3°C
= 12°C = s20C
2 e H 2 s1ec H
B 0°c § Ho 0 N
= +1.2°C +1.9°C +2.6 °C +5.1°C z +1.2°C +2.0°C +2.7°C +5.3°C
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SIXTH ASSESSMENT REPORT

e) Global mean sea
level change in 2300

Working Group | — The Physical Science Basis INTERGOVERNMENTAL PANEL on ClimaTte change =4 i relative to 1900

Sea level rise greater than
15m cannot be ruled out
with high emissions

Human activities affect all the major climate system components, Global sea level rise in 2300:
with some responding over decades and others over centuries 15 meters can not be ruIQd out

8m

d) Global mean sea level change relative to 1900

7m

m
2 6m
Low-likelihood, high-impact storyline, g
including ice sheet instability -
processes, under SSP5-8.5—— .-°
1 SSP5-8.5
.0
-5 3m
.6
0.5 9 . i
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Aumento projetado do nivel  gzgsemsme

Sea level rse greater than
15m cannot be ruled out

2 -
.

1.5

7m

Low-likelihood, high-impact storyline, -
including ice sheet instability

processes, under SSP5-8.5—— .-°
1 SSP5-8.5
.0 "
.5 §
.6 SR
0.5 9
1950 2000 2020 2050 2100 -

om
2300

O nivel médio do mar aumentou em 0.20 m entre 1901 e 2018. A taxa de aumento foi de 1.35
mmy/ano entre 1901 e 1990, aumentando para 3.7 mm/ano entre 2006 e 2018.
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The proportion of CO, emissions taken up by land and ocean carbon
sinks is smaller in scenarios with higher cumulative CO, emissions

Total cumulative CO, emissions taken up by land and oceans (colours) and remaining in the atmosphere (grey)

under the five illustrative scenarios from 1850 to 2100
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For scenarios with
higher cumulative
CO, emissions...

...the amount of CO, emissions
taken up by land and ocean
carbon sinks is larger,

but more of the emitted

CO, emissions remains

in the atmosphere...

...meaning that the proportion
of CO, emissions taken up by
land and ocean carbon sinks
from the atmosphere

is smaller in scenarios

with higher CO, emissions.



A complexa ciclagem de carbono em florestas tropicais:
desmatamento, fotosintese, carbono no solo, etc...
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Amazonia and global climate change:




Achieving net-zero
by 2050 depending on the
Earth’s natural carbon sinks

Amazonia is critical for that
with 120 billion tons of carbon

Forests play a critical role in regulating the global
climate. They absorb carbon from the atmosphere

C a r b O n St O r a g e i n and then store it, acting as natural carbon sinks.
Earth's Ecosystenmis | Messmsse i

ols in &

trees, trunk & branche:

R | forest eco e
Achieving net-zero by 2050 depends e S G
on the Earth’s natural carbon sinks. Woody debris, leaf litter
Soil
around 15.6 gigatonnes However, around 8.1 gigatonnes of CO:
Ca rbon Storage und 3X the annual CO; leaks back into the atmosphere m.ﬁtol
Tonnes of Carbon per Hectare® ] deforestation, f er disturbances.

Temperate Tropical
forests forests

Deserts and
semideserts
42

Tundra Wetlands Pt

Carbon stored
Soil

Soil contains almost
2X as much carbon
as the atmosphere
and living flora and
animals combined.

nge
wetter and calder,

Carbon Streaming is protecting the Earth's
natural carbon sinks with carbon credit streams
across the following REDD+ projects:

P

Rimba Raya Cerrado Biome MarVivo Blue Carbon
Borneo, Indonesia Brazil Baja California Sur, Mexico
"4 ) hectares *11.000 hectares ~22,000 hectares
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Carbon versus precipitation
Amazon, Congo Basin, and Southeast Asia

WETTER

40-80

A
| L4

30-35

surfac
Precipitation Amazon [] [ [ \
classes congo ] ] M
fmiyear) southeast Asia [[] [ [
25-30 4

15-10

n - - DRIER
10-05
)

100 200 300 400
Aboveground live biomass (Mg/ha)

Carbon and hydrological cycles closely linked

Paulo Brando et al.,
Annu. Rev. Earth
Planet. Sci. 2019.
47:555-81




Evolucao do desmatamento na Amazénia brasileira

1975 1988 2018

0,5 % 5,0 % 19 %
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A Amazoénia lang¢a na atmosfera uma
quantidade de vapor d’agua quase igual a
que o rio Amazonas, o maior rio do mundo,
despeja no martodo o dia.

%., k il
e gy T
V4 ' ({3

Umidade
vindado
oceano entra
na Amazonia

0O encontro do vapor
d'agua lancado pelas
arvores coma umidade
forma os “rios voadores”

500 milh6es

de arvores
250 BILHOES 3
DE LITROS Os rios voadores percorrem
o pais pelo oeste, levando
chuva para outras regioes.
' 2
Menos arvores
Menos chuva
= O desmatamento da
Mais calor florestareduza

quantidade de vapor
d'agualangado na
atmosfera, diminuindo
a produgao de chuvas
e aumentandoa
temperatura.

&

»

InfoAmazonia, 2022
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stomatal pore

potranspiracdo

d) Southeast Amazon (Greex; -bux)

w

Actual VPD (ERA-Interim)

Actual VPD (AIRS)

VPD (Bowen ratio (79%))

VPD(Temp + 700mb Gph+ Bowen ratio(86%))

e) Northwest Amazon (Blue box)

—— Actual VPD (ERA-Interim)
—— Actual VPD (AIRS)
VPD (Bowen ratio (0%))
—— VPD(Temp + 700mb Gph+ Bowen ratio(70%))

Normalized VPD

glucose (CsH120¢)

2009 flood
Before 2005 drought
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~ Carbon loss from forest degradation exceeds that
from deforestation in the Brazilian Amazon

Yuanwei Qin®", Xiangming Xiao ©'*, Jean-Pierre Wigneron®2, Philippe Ciais ©?, Martin Brandt®*,
Lei Fan®5, Xiaojun Li?, Sean Crowell ©¢, Xiaocui Wu®', Russell Doughty ®7, Yao Zhang ®8, Fang Liu®,
Stephen Sitch©™ and Berrien Moore 111°

Annual AGB loss and gain
(PgCyr)

Accumulated AGB
loss and gain (Pg C)
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Temperature (°C)

Balango de carbono na Amazoénia: desmatamento e mudanca climatica

# Total annual precipitation ® Monthly mean JFM ® Monthly mean ASO

saN Tt Chuva

0
1979 1983 1987 1991 1995 1999 2003 2007 2011 2015

29.0

san  Temperatura

28.0

27.0
.

26.0

25.0
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1979 1983 1987 1991 1995 1999 2003 2007 2011 2015

Balango de carbono para a regido de Alta Floresta de 2010 a 2018

Total Carbon Balance: +0.32 PgC y!
Fire Carbon Balance: +0.20 PgC y!

NBE (Net Biome Exchange) C Balance: +0.11 PgC y!
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31350
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Total C flux (g C m2d™")

" Deforestation
W Precipitation ASO NBE C flux (g C m2d-")
4} Temperature ASO Fire C flux (g C m2d-")

Amazonia pode ja estar se
tornando uma fonte
importante de carbono para

a atmosfera global

Gatti et al., Nature, 2021
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Table 1. Amazonian tipping points, their stressors, disturbances and feedbacks involved.

Stressors

Rise in temperature

Annual rainfall

Rainfall seasonality

Accumulated deforestation

ng points

> 2°C global,
>2.5°C local

< 1,000 mm MAP

7 months DSL
> 400 mm MCWD

>20 % of whole
Amazon system

Related
disturbances

Heat waves,
droughts, fires

Droughts, storms,
windthrows, floods

Droughts, fires

Droughts,
deforestation, fires

Positive feedback
components

Forest - rainfall -
fires

Forest - rainfall -
fires

Forest - rainfall -
fires

Forest - rainfall -
fires - deforestation

Evidence types

Modelling, paleorecords,
current observations

Modelling, paleorecords,
current observations

Modelling, paleorecords,
current observations

Modelling

cross the Amazon

W Forest
I Non-forest areas or without vegetation
Areas of agriculture and ranching in 2000
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What about Amazonia? Could become a carbon source?

d) Carbon uptake response to cllmate warming 50
60
30
I .
F—30
- —60
& 3 : ",rf"r"r"-,-"'f S .
o T H—90
4l -20-10 0 10
-106 kg Cm-loc!
-1.0  -0.5 0.0
kg Cm=2°C- 1

P.S: Amazonia contains 120 GtC (10 years of fossil fuel emissions)



Deforestation rate in Amazonia 1977-2021 in km? per year
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g~ COP-26: The Glasgow climate pact

The COP-26 shows the large distance between Science and geopolitical interests
IPCC: We need to reduce emissions by 45% till 2030

Increase in temperature with all pledges: 3.2 Celsius, instead of 1.5 Celsius
Agreement on zero deforestation globally by 2030. Brazil commitment of zero deforestation in 2028
Agreement on methane reductions: 30% by 2030

* Impacts on cattle on Brazil: gains on productivity

* Impact on natural gas production and use: gains in productivity

Global carbon market rules settle down

No acceptance of “loss and damages”



UN GLIMATE

i i.= COP-26: The Glasgow climate pact

* Net zero targets: ideally: 2030 for developed countries and 2040 for developing countries
* Reality: COP-26 recommends that this target be reached by the “Middle of the century”.
* India: 2070, China: 2060, Brazil: 2050, Germany 2045, USA: 2040.

* First time ever that any COP documents mention fossil fuels. No mention to phase out coal, and pledge to reduce
subsides to "inefficient fossil fuels”.

* Financial help to developing countries to reduce their emissions and adapt to climate change: NO. Target was
USS$100 billions per year. COP-26: we wee negotiate this at COP-27.

* Recommendations and commitments from Paris agreement and Glasgow pact are not mandatory. They are only
political commitments...

The need to change the socio-economic system
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os riscos climaticos ao desenvolvimento resiliente ao clima
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Principais interagdes e tendencias

Opcbes para reduzir o risco climatico
e construir resiliéncia
Climate Change Future Climate Change
s Limiting Global Warming
Impacts and Risks
% = From urgent to 4
% timely action Climate Resilient
3
Development
isks | uman health & well-being |
| equity, justice |
Governance Human Systems Ecosystem health Ecosystems
Human Society Ecosystems Finance Transitions Elanetaryhealth Transitions
Limits to adaptation including biodiversity / Knowledge and capacity Societal | Energy S Land | Freshwater
Losses and damages — Limits to adaptation Catalysing conditions Industry | Urban, Rural - Coastal | Ocean
Losses and damages Technologies & Infrastructure
i : Ecosystems and
impacts S~_impat W G biodiversity
W P> COnserve, restor® -
Osysra 02
\p__/ 2 aesedotiy
(B rovision TS Ly rovision
“lihoogs, Ecosystem 52" “elhog,
The risk propeller shows that risk emerges from the overlap of:
@ Climate hazard(s) | @ Vulnerability

—
Ecosystem et

Exposure ‘
...of human systems, ecosystems

and their biodiversity



covomic  Forum Economico Mundial: O relatdrio |sas
dos Riscos Globais em 2020 8
Os 5 maiores riscos globais em termos de probabilidades 2007-2020 5 0

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Infastucturs oy, —— e Income di Extrome Extrome Extrome
i disparty weather weather ‘weather
China economic fll Fiooding reme ate action Climate action
e o slowdown weat re failure
Ol price shock Cyberattacks. Natural
disasters
. m W - -
i Grorlo. Dogbalzaton. (Y techange [ll Watercrises B Cyberattacks Unemployment Wl Natural Data fraud Clmate acton Cyberattacks.
catastrophes ortheft

. Economic . Environmental . Geopolitical . Societal . Technological

Extreme
weather

Climate action
failure

Natural

Os 5 maiores riscos globais em termos de impactos 2007-2020 disasters

2007 2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020

Climate action
failure.

Blow upin Asset price Asset price Fiscal crises Financial failure. Fiscal crises. Water orises Climate action
o e asset prices. ollapse falluro.
Extreme Extrome Cimateacton
weather weather

Biodiversity loss

fomics crises Fiscal crises Energ jon Infrastucture ci
price prcs vlatity

M cconomic M Envionmental I Geopoiitical [l Societal Il Technological environmental
disasters

Human-made

P.S.: Nao sdao preocupagdes de cientistas, ONGs ou grupos ambientais, mas do WEF...

Source: World Economic Forum Global Risks Perception Survey 2019-2020.
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avert climate catastrophe p.1392




The 20 largest
contributors to
cumulative CO2
emissions 1850-
2021, billions of
tonnes

https://www.carbonbrief.org/analysis-which-countries-are-historically-responsible-for-climate-change
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HOW LEADING SCIENTISTS
VIEW CLIMATE CHANGE

Nature surveyed authors of the latest report by the
Intergovernmental Panel on Climate Change (IPCC)
about their views on the future. Ninety-two of 233
authors and review editors provided responses.

How much warming above pre-industrial times
do you think is likely by 2100?

Do you think the world
is experiencing a
‘climate crisis’'?

M Yes 88%

No 12%

Do you think that climate
scientists should engage in
advocacy on this issue?

Do you engage in
advocacy related to
climate change?

M Yes 81% M Yes 66%

No 34%

No 19%

Which kind of advocacy activities do you engage in?*
Promote science through speeches, publications or videos

Contact lawmakers or government officials to
advocate specific climate policies

Sign letters or petitions calling for action

Participate in demonstrations

#Respondents could choose multiple answers.

15°C Do you think you will see
2 catastrophic impacts of climate
change in your lifetime?
2.5*
3
35 M Yes 82%
4°C No 18%
0 10 20 30 10 50
Percentage of respondents
*Includes 2 responses between 2.7 °C and 2.75 °C;
2.5°C and 3.5 °C were write-in answers.
Do you experience anxiety, grief Has global warming d you or cli

or other distress because of
concerns over climate change?

No Yes, frequently
39% 21%

Yes, infrequently
40%

researchers you know to reconsider major
life decisions such as:

Decisions about where to live
Decisions to have children
Lifestyle choices (including diet, transportation and travel)t

tWrite-in answers.

Do you think the IPCC
should take on more of
an advocacy role related
to climate change?

M Yes 26%
No 74%

Does the IPCC include
suitable representation
of experts from all
countries?

H Yes 79%
No 21%

Nature Vol 599, 4/Nov/2021
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Batteries for passenger

Photovoltaics (PV) Onshore wind electric vehicles (EVs)
600 600 i = 1600 i
5 E | In some cases,
'g‘ 450 450 5 1200 costs for
S 300 300 i :‘i 800 : renewables
g i 2 | have fallen
8 150 : 150 ' £ 400 | below those of
| * 5 | fossil fuels.
0 f 0 i = 0 !
2000 2010 2020 2000 2010 2020 2000 2010 2020

Marketcost - AR5 (2010)




Many options available now in all sectors are estimated to offer substantial potential to reduce
net emissions by 2030. Relative potentials and costs will vary across countries and in the longer

term compared to 2030,

Mitigation options

" Wind energy

Energy

AFOLU

Buildings

Solar energy

Bloelectricity

Hydroposver

Geothermal enargy

Huclear energy

Carbon capture and storage (CCS)
Bioelectricity with CC5

Reduce CH: emission from coal mining
Reduce CH: emission from oil and gas

Carbon sequestration in agriculture

Reduce CH.: and N;0 emission in agriculture
Feduced conversion of forests and other ecosystems
Ecosystem restoration, afforestation, reforestation
Improved sustainable forest management

Reduce food loss and food waste

Shift to balanced, sustainable healthy diets

Avoid dernand for energy services

Efficient lighting, appliances and equipment
New buildings with high energy performance
Onsite renewable production and use
Improvernent of existing building stock
Enhanced use of wood products

Potential contribution to net emission reduction (2030) GICO-eq

I

i

)

IDCCe

et lifetime cost of options:

B Costs are lawer than the reference
[ 020 (USD tC0y-eq')

I 20-50 (USD tCOs-eq)

I 50-100 (USD tCOy-eq’)

I 100-200 (USD tC0-eg )

I Cost not allocated due to high
variahility or lack of data

L t Uncertainty range applies to
the total potential contribution
1o emission reduction. The
individual cost ranges are also
associated with uncertainty
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Increasing urgency

Starting today,
every action, every
decision matters.

Worldwide action is more urgent
than previously assessed.

m IIIustratnre climatic or non-climatic shock,

. COVID-19, drought or floods,
that disrupts the development pathway

— Narrowing window of
opportunity for higher CRD
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Transformagoes da sociedade 2020-2050 visando a sustentabilidade

Sustainability

Sustainability
transformations

/;isions of

sustainability

Target space

v

2020 2030 2050



' Reduzir nossa pegada ecoldgica

FOREST land

GRAZING land

URBAN land

CARBON- foétprint

CROP land

~~ FISHING land
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HEALTHYEATING =

A commission of food researchers Dairy Whole grains
devised a ‘planetary health’ diet — 2509 2329
meant to be nutritious and

sustainable — and compared its
composition with the average

diets in different regions. Animal
Further studies showed that, protein

Fruits
200g

in ma ny regions fOI.I.OWI ng 849 Latin America and Caribbean Europe and Central Asia
the proposed diet would Starchy Plant
be prohibitively vegetables protein

expensive. 50g 125g

By Kerri Smith
Design by Jasiek Krzysztofiak

Planetary health diet
grams per day

Dietary intakes

2006 Healthy diet cost

... (daily income per person) ...
1%
oo

...3004g

Healthy diet

Over- Under-
consumed consumed

Sub-Saharan Africa




Percentage of GHG emissions by the world population

The 10% richer
emits 49% of
GHGs

The most
vulnerables
50% poorer

emits 10%

Richest 10% responsible for almost hall of total lifestyle
consumption amissions

19%

11%

7%

World population arranged by income (deciles)

Source: Oxfam

4%

3%

2.9%

2%

1.5%

1%

Poorest 50%
responsible for

only around 10%
of total lifestyle
consumption
amissions



How to build a safe and fair space for humanity?

Combining the Earth System with socioeconomic aspects

mudanca climaticg

90\')\?

educacao

®©
-
2
2.
°
S
°

ojugho\ =i

voz ativa

We need solid and interdisciplinary science to build this space

Steffen et al. 2015, Science



CO2 emissions
per capita

High
emissions

Low
emissions

acted by climate change

Vulnerability to
climate change

Low
vulnerability

- High
vulnerability

Samson et al 2011




Transformations

to Achieve

the Sustainable
Development Goals

Olhem para o futuro

As seis grandes transformagoes necessdrias para o mundo em 2050

Consumo e Produgao
Sustentaveis

Uso de recursos, economia circular,
suficiéncia, poluigdo

Energia
Decarbonizagdo, eficiéncia,
acesso a energia

Alimentos,
UsosdaTerra& .. r .
Biosfera ietivos de Revolugdo
Intensificacio Desenvolvimento Digital
SOt SUStenta,veis: Inteligéncia artificial,
oceanos, pe d d b|g T
biodiversidade, Prosperidade 3

s = ’ biotecnologia,
florestas, dgua, * Inclusao social nanotecnologia,
dietas saudaveis,

U ° Suste nta bilidade sistemas autonémos
* Paz social

Cidades

Moradia, mobilidade,
Infraestrutura sustentavel,
agua, poluigdo

& Demografia
Educacdo, saude, envelhecimento,
mercado de trabalho, género,
desigualdade




The UN 17 @ 1 Vig ,.

—— Sustamable gLEj\S;EfggﬁEhE - gg&.{&:#ﬁ%
; ;5'],-.,.._:, e ’: goals

AR ’nl
N o
CLEAN WATER
ACTION H HUNGER

4 Giciton : 0 mwm B Hossnann
Ml|g|¥
@ ({4 =%

s,ma

GOOD HEALTH
AND WELL-BEING

e :e:'i:-.:_:f._:'-_;:E-'-.-'-'--"::? N e 2 i 3
ol g . Y G
SDG 13: many other SD - L /e

depends on a stable climate-

e 13 CLIMATE 4 ZERO

q
ot o

nzc:mwumuu lnmmmm REDUCED 2 Wﬂll&ll!
Eunuumunnumu mmmm INEUUAIJTIES
E HEéE
; 3 CLIMATE 4 16 PEACE, JUSTICE 17 PARTNERSHIPS
AGTION BELOW WATER ANDSTRONG FORTHE GOALS
INSTITUTIONS
1 LIFE BELOW o
WATER _..~ !
P —




Climatic and environmental issues will have strong economic and
social impacts, including jobs, and socioeconomic inequalities

SSP3-7.0 (2081-2100)

Welcome to
the new
climate of
our planet

Thanks!!! e B

-6 -4 -3 -2 -1-050 05 1 2 3 4 6
Total change (°C)

Paulo Artaxo — artaxo@if.usp.br
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Potencial regional de mitigacao - AFOLU

Regional mitigation potential (GICO eqyr ')
Data adapted frem Ree et al, 2021 and ARG 1AM database

Asia and
developing Pacific

Agrculture: Sequester carbon Latin America
- Agriculture; Reduce emissions and Caribbean

Farests and aother ecosysterms: Manage

: : Developed

- Forests and other ecosystems: Protect [- i

_ ountries
- Forests and other ecosysterrs: Restore S

Demana-oide: Diets and 1ood losaiwaste. Affica and
- BECCS Middle East

Eastern Curope and
West-Central Asia
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Many options available now in all sectors are estimated to offer substantial potential to reduce
net emissions by 2030. Relative potentials and costs will vary across countries and in the longer
term compared to 2030.

Energy

AFOLU

i

Buildings

Transport

Industry

Other

Mitigation options

Wind energy

Solar energy

Bioelectricity

Hydropower

Geothermal energy

Nuclear energy

Carbon capture and storage (CCS)
Bioelectricity with CCS

Reduce CH; emission from coal mining
Reduce CH; emission from oil and gas

Carbon sequestration in agriculture
Reduce CHs and N;0 emission in agriculture
Reduced conversion of forests and other

Potential contribution to net emission reduction (2030) GtCO:-eq yr'

o

4 6

Ecosystem restoration, afforestation, reforestation
Improved sustainable forest management
Reduce food loss and food waste

Shift to balanced, sustainable healthy diets

Avoid demand for energy services

Efficient lighting, appliances and equipment
New buildings with high energy performance
Onsite renewable production and use
Improvement of existing building stock
Enhanced use of wood products

Fuel efficient light duty vehicles
Electric light duty vehicles

Shift to public transportation

Shift to bikes and e-bikes

Fuel efficient heavy duty vehicles
Electric heavy duty vehicles, incl. buses
Shipping — efficiency and optimization
Aviation — energy efficiency

Biofuels

Energy efficiency

Material efficiency

Enhanced recycling

Fuel switching (electr, nat. gas, bio-energy, Hy)
Feedstock decarbonisation, process change
Carbon capture with utilisation (CCU) and CCS
Cementitious material substitution

Reduction of non-CO; emissions

Reduce emission of fluorinated gas
Reduce CH; emissions from solid waste
Reduce CH; emissions from wastewater

o

GtCOreqyr

Net lifetime cost of options:

I Costs are lower than the reference

[I 0-20 (USD tCOz-eq)

I 20-50 (USD tCO-eq”)

I 50100 (USD tCO-eq”)

100-200 (USD tCO-eq)

[ Cost not allocated due to high
variability or lack of data

——— Uncertainty range applies to
the total potential contribution
to emission reduction. The
individual cost ranges are also
associated with uncertainty
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Observed warming is driven by emissions from human activities,
with greenhouse gas warming partly masked by aerosol cooling

Observed warming Contributions to warming based on two complementary approaches

a) Observed warming b) Aggregated contributions to ¢) Contributions to 2010-2019

2010-2019 relative to 2010-2019 warming relative to warming relative to 1850-1900,

1850-1900 1850-1900, assessed from assessed from radiative
°C attribution studies °C forcing studies °C
2.0 20 2.0
1.5 1.5 1.5

One third of

warming is

being masked i
e i

1.0 1.0 1.0

-
—

by aerosols " F ot
-0.5 -0.5 -0.5
-1.0 -1.0 -1.0
3 = Q ¢ 3 0O T zZ I zZ 8K © O P W 2 P>
=] o) & = = 30 c 1 = S 3
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2 @
& L J { J
Y Y
Mainly contribute to Mainly contribute to
changes in changes in

non-CO, greenhouse gases anthropogenic aerosols
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Every ton of CO, emissions adds to global warming

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GtCO,)

°C
3 4
SSP5-8.5
The near linear relationship i
257 between the cumulative SSP3-7.0

CO; emissions and global SSP2-4.5
warming for five illustrative

I n crease i n 2 - scenarios until year 2050
temperature in

SSP1-2.6

15 -
from now) B
Historical global
warming
0.5
ﬁ Cumulative CO, emissions since 1850
O [WNk] 1 T T T T T 1
v 1000 2000 3000 4000 4500 GtCO,
-0.5 - I ‘ ‘ Future cumulative
, | —— SSP1-1.9 CO, emission§ differ
L | — — — SSP1-2.6 across scenarios, and
! SSp2-4.5  determine how much
, SSP3-7.0 warming we will
" SSP5-8.5  experience
E-ge S S 38 S 8 S
g G o 0 [} BN o5} B a
S o o S © o S S =)
HISTORICAL PROJECTIONS

Cumulative CO, emissions between 1850 and 2019 Cumulative CO, emissions between 2020 and 2050
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Sources and processes contributing to SLCF
and their effects on the climate system

CLIMATE SYSTEM CHANGES

0 Q ‘ ° climate feedback

temperature  precipitation weather patterns cryosphere 500 Tropospheric ozone burden
MMM - HIST
RADIATIVE FORCING 450 MMM - SSP370
I AccwiP
S e 6 P
400 I oss //AM
absorption scattering  albedo changes

'9,350
ATMOSPHERIC COMPOSITION

300
250 [2014]
atmospheric chemistry and physics
200 Historical Future projection
1850 1900 1950 2000 2050 2100

EMISSIONS FROM NATURAL SYSTEMS

AP EBIOICI 5 IO
4} A
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Climate change and air quality are so intimately linked that
addressing one issue affect the other one

Current actions to Current actions to

st ! g t » }
limit climate change improve air quality G COMPCRES

Cooling compounds

No direct climate effect

Reduce | « | Reduce }

v v v v
Nitrous Carbon
Vv oxide v M(eérl:ar;e . ( monoxide = .. v ., Nitrates
(N0) - q;P (COo)
Carbon Halogenated 7 Nltmgen Volatile Black G
dioxide compounds oxides organic Carbon pls Sulphate
(CO,) (NOy) compounds

v

v
Y ; S
ropospheric e
Ozone (0) P g

(N

[ Climate beneflt Crop benefits Health benefits [ Climate penalty ]

4 6
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Short-lived
climatévForcers Short lived climate forcers : The quick fix?

Short-lived Main human sources Lifetime Relative contribution to
climate forcer in atmosphere global temperature chang

Coordinating Lead Authors:
Warming/cooling effect

Sophie Szopa (France), Vaishali Naik (United States of America)

Lead Authors:

Bhupesh Adhikary (Nepal), Paulo Artaxo (Brazil), Terje Berntsen (Norway), William D. Collins H X: e

(United States of America), Sandro Fuzzi (ltaly), Laura Gallardo (Chile), Astrid Kiendler-Scharr £ < “" 12 years >

(Germany/Austria), Zbigniew Klimont (Austria/Poland), Hong Liao (China), Nadine Unger 9 /é' ﬁ

(United Kingdom/United States of America), Prodromos Zanis (Greece)

@ ’ o )
K_ ol Days >
! =

@ .‘ 1-20 years > @

Eramnn (O roarsn (@ [ @rsses ()

ipcc

INTERGOVERNMENTAL PANEL on ClimaTe change

Climate Change 2021
The Physical Science Basis

Summary for Policymakers

Y

&

contribution to the
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Surface Air Temperature Response Zonal Mean Change in Surface Air Temperature
a) due to Aerosols b) due to Aerosols
751
Means: ['C]
501 Global —6.6x10"'+5.1x10""

NH -9.7x10"'+5.3x10"}
SH -3.4x10"'+2x10"!

N
w
i

latitude (°N)
o

—25
-50 1
-75 -
-4.20-2.80-1.40 0.00 1.40 2.80 4.20 5.60 —'3 —'2 —'1 6 i é é
(*C) (*C)

Robust signal
[250] No change or no robust signal

Conflicting signals
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Temporal regional mean net effective radiative forcing due to aerosols

2

mmmm Global mean = SOUTH-AMERICA ASIA = ATLANTIC

= ARCTIC ~—— EUROPE w— OCEANIA - INDIAN

1] == NORTH-AMERICA - EUROPE-AFRICA ANTARCTICA = SOUTHERN-OCEANS
~—— CENTRAL-AMERICA AFRICA PACIFIC

1850 1875 1900 1925 1950 1975 2000
Year
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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

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 North ——
America

‘ Increase (19)

O Decrease (0) @

O Low agreement in the type of change (8)

Central —

O Limited data and/or literature (18) America

@

Small
Islands

Confidence in human contribution
to the observed change

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

America

O Low due to limited evidence
Type of observed change since the 1950s



Military Perspectives on Climate
Change From Around the World

el
>N

Green — Climate is a national security threat
Yellow = Climateis an environmental issue
Red - Climate is not a defined concern

Grey — Mo information available

https://www.americansecurityproject.org/climate-security/

https://media.defense.qov/2021/0Oct/21/2002877353/-1/-1/0/DOD-
CLIMATE-RISK-ANALYSIS-FINAL.PDF

Department of Defense

Climate Risk Analysis

October 2021

To the National Security Council


https://www.americansecurityproject.org/climate-security/
https://media.defense.gov/2021/Oct/21/2002877353/-1/-1/0/DOD-CLIMATE-RISK-ANALYSIS-FINAL.PDF

SIXTH ASSESSMENT REPORT

Working Group | — The Physical Science Basis

ARTICLES | FOCUS AtE

climate change
M) Check for updates

Carbon loss from forest degradation exceeds that
from deforestation in the Brazilian Amazon

https://doi.org/10.1038/541558-021-01026-5

Yuanwei Qin®', Xiangming Xiao®'™, Jean-Pierre Wigneron ®2>, Philippe Ciais©3, Martin Brandt ®*,
Lei Fan®%, Xiaojun Li?, Sean Crowell ©¢, Xiaocui Wu®', Russell Doughty ®'7, Yao Zhang ®8, Fang Liu®,
Stephen Sitch® and Berrien Moore llI°

a Above Ground Biomass Change (Mg C ha™')

ipcC
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CO2

stomatal pore

d) Southeast Amazon (Green box) ¢) Northwest Amazon (Blue box)

—— Actual VPD (ERA-Interim) 5 —— Actual VPD (ERA-Interim)

Actual VPD (AIRS) —— Actual VPD (AIRS)

VPD (Bowen ratio (79%)) VPD (Bowen ratio (0%))

—— VPD(Temp + 700mb Gph+ Bowen ratio(86%)) 4 — VPD(Temp + 700mb Gph+ Bowen ratio(70%))

2015

Normalized VPD

2009 flood
-2 2 Before 2005 drought

T T T T T T T T T T T T T T T T T T T T T T T T T T T
1979 1963 1967 1991 1995 1999 2003 2007 2011 2015 1979 1983 1987 1991 1995 1999 2003 2007 2011 2015

Time (1979-2016) Time (1979-2016)

Trend in Vapor Pressure Deficit (1987-2016)
[ -

0 5 210



Temperature (°C)
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# Total annual precipitation ©® Monthly mean JFM # Monthly mean ASO
e 500
SAN :
. Precipitation 450
ot - 400
— . " AR
[+ B rs N 4350
2 e L.t . . e .
[ e 3 S 300
. o .. . . MR
* . .0 . . 1250
S 200
150
3 i 100
L2 M K3 - * * . .
cee * o« . v s, s T LA 50
0
1979 1983 1987 1991 1995 1999 2003 2007 2011 2015
29.0
sw  Temperature .
28.0 -
27.0
260 [, "
25.0
24.0

1979 1983 1987 1991 1995 1999 2003 2007 2011 2015

Carbon balance in Alta Floresta from 2010 to 2018

Total Carbon Balance: +0.32 PgC y!
Fire Carbon Balance: +0.20 PgC y!

ipcc

INTERGOVERNMENTAL PANEL oN ClimaTe change

Carbon balance in
Amazonia: for some
areas already a
source

NBE (Net Biome Exchange) C Balance: +0.11 PgC y!

" Deforestation
‘ Precipitation ASO
ﬁ Temperature ASO

Northwest N°’£he"5‘
°

o )
Southwest goytheast

Total C flux (g C m2d™)
NBE C flux (g C m2d™")
Fire C flux (g C m2d™")

Northwest Northeast
Total
NBE
Fire
Southwest Southeast

Total
NBE
Fire

I

-01 O 01 —01
Regional carbon flux (gCm2dY)

Gatti et al., Nature, 2021
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To limit global warming,
strong, rapid, and sustained
reductions in CO,, methane,
and other greenhouse gases
are necessary.

This would not only reduce the
consequences of climate
change but also improve air
quality.
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Thank you.

More Information: Follow Us:
IPCC: www.ipcc.ch I3 @IPCC
IPCC Secretariat: ipcc-sec@wmo.int L 4 @IPCC_CH

IPCC Press Office: ipcc-media@wmo.int in linkedin.com/company/ipcc
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Sector contribution
of total anthropogenic SLCFs

100 %
" Waste management
B Agriculture
75% W Aviation
B Shipping
B Land transportation
50 % p— B Industry
Residential and commercial
B Fossil fuel combustion for energy
25 % B Fossil fuel production and distribution
0%

02 NOx BC CO VOC NH3 CHg4
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e) Global mean sea
level change in 2300
relative to 1900

Human activities affect all the major B
climate system components, with
some responding over decades and "
others over centuries

8m

Figure SPM.8 .

6m
5m
2
o
@
£
@
4m
3m
d) Global mean sea level change relative to 1900
m
2 2 2m
IS
&
o
e Low-likelihood, high-impact storyline,
including ice sheet instability
1 processes, under SSP5-8.5———> - am
Oom

1950 2000 2020 2050 2100 2300
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Effective radiative forcing, 1750 to 2019 Change in GSAT, 1750 to 2019
| ( \
CO3 + ‘
CHa
N,O
CFC + HCFC + HFC | Carbon dioxide (CO3)
Bl N-O
NOx B CFC + HCFC
NMVOC + CO B HFC
I Methane (CHy)
502 m Ozone (0s)
Organic carbon B H,O0 (strat)
Black b "1 Aerosol-radiation
ack carbon Il Aerosol-cloud
Ammonia 4 Sum
-1.5 -=1.0 =05 0.0 0.5 1.0 1.5 2.0 -1.0 -0.5 0.0 0.5 1.0 1.5

(Wm™2) (°C)
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Effect of a one year pulse of present-day emissions on global surface temperature

Response after 10 years (H=10)
Response after 100 years (H=100)

......... [ S A WIS A W A A A i AT I WIS S S S A A A A A A S N A I S AT W A A A W A A A A

0.06 -0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Change in GSAT due to total anthropogenic emissions (°C)

Fossil fuel production : B co
and disinbution EastemAsa | [i- —

. I NO
Agriculture North America B BC

[ 0oc

Waste management Latin America and Il SO,

o Caribbean I NOx
Residential and com- I CO
mercial Africa Il VOC
Fossil fuel combustion I NH,
for energy Eurasia I Avia-contrail
Residential and com- B Avig-strath,0
mercial (biofuel use only) B HFCs

Europe
Land transportation Net effect
Southeast Asia and ——
Open biomass burming Developing Pacific 5% to 95% range
Industry Middle East
Shipping Southern Asia
- Asia-Pacific

Aviation Developed l | | |

i -0.010 -0.005 0.000 0.005 0.010
Change in GSAT by sector (°C) Change in GSAT by sector (°C)
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Regional contribution
of total anthropogenic SLCFs

160 B North America

o FHELL
B Europe
Eurasia
75% B EasternAsia
B South-East Asia and Developing Pacific
" Asia-Pacific Developed
50 % I Southern Asia
Middle East
B Africa
25% B Latin America and Caribbean

o%
SO2 NOx BC OC CO VOC NH3 CHg4
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Future emissions cause future additional warming, with total Figure SPM.4
warming dominated by past and future CO, emissions

a) Future annual emissions of CO; (left) and of a subset of key non-CO; drivers (right), across five illustrative scenarios

Carbon dioxide (GtCO./yr) Selected contributors to non-CO, GHGs

Methane (MCH./yr)
140
800 $5P3-7.0
SSP5-8.5
120 $5P5-8.5
—— ssp2
100 0
2015 2050 2100
80 sspa70 Nitrous oxide (MtN.O/yr)
60
10
40 — ——— 0
2015 2050 2100
20 One air pollutant and contributor to aerosols
Sulfur dioxide (MtSO/yr)
0
SSP1-2.6
20 SSP1-19
2015 2050 2100
o S5P1-2.6
2015 2050 2100
b) Contribution to global surface temperature increase from different emissit with a i role of CO,
Change in global surface temperature in 2081-2100 relative to 1850-1900 (°C)
SSP1-1.9 SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5
°c °c °c °c °c
6 6 6 6 6
5 5 5 5 5
4 4 4 4 4
3 3 3 9 3
2 2 2 2 2
1 I I 1 i 1 1 i 1 i
0 u 0 i 0 I 0 0
- - o ’ n
-1 1 1 - 1
e O IR ondea RS LRER olieo NN INTE o O IO LRRRE i "N (RS

Total warming (observed warming to date in darker shade), warming from CO;, warming from non-CO; GHGs and cooling from changes in aerosols and land use
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Author Team Review Process
234 authors from 65 countries 14,000 scientific publications
assessed

28% women, 72% men 78,000+ review comments

30% new to the |PCC

46 countries commented on Final
Government Distribution
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Interactive Atlas
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Interactive atlas
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Human influence has warmed the climate at a rate that is Figure SPM.1
unprecedented in at least the last 2000 years

a) Change in global surface temperature (decadal average)
as reconstructed (1-2000) and observed (1850-2020)

°C
r 2.0
Warming is unprecedented

in more than 2000 years
= 1.5
/ Warmest multi-century
1.

period in more than
0 100,000 years

observed

reconstructed

T T T i
1 500 1000 1500 1850 2020
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Human influence has warmed the climate at a rate that is Figure SPM.1
unprecedented in at least the last 2000 years

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

°C
2.0
1.5
observed
’ simulated
1.0 / human &
‘ natural

simulated
natural only
(solar &
volcanic)
-0.5
[ T T T T T T T T T T T T T T T T ]
1850 1900 1950 2000 2020
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Observed warming is driven by emissions from human activities, Fjgure SPM.2
with greenhouse gas warming partly masked by aerosol cooling

a) Observed warming b) Aggregated contributions to
2010-2019 relative to 2010-2019 warming relative to
1850-1900 1850-1900, assessed from
°C attribution studies °C
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Observed warming is driven by emissions from human activities, Figure SPM.2
with greenhouse gas warming partly masked by aerosol cooling

b) Aggregated contributions to c) Contributions to 2010-2019

2010-2019 warming relative to warming relative to 1850-1900,

1850-1900, assessed from assessed from radiative

attribution studies °C forcing studies °C
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Observed warming is driven by emissions from human activities, Figure SPM.2
with greenhouse gas warming partly masked by aerosol cooling

c) Contributions to 2010-2019
warming relative to 1850-1900,
assessed from radiative

forcing studies
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Climate change is already affecting every inhabited region Figure SPM.3
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

Nortn
prsy

‘ Increase (41) ‘

‘ Decrease (0) ‘

O Low agreement in the type of change (2

() e gt e e 2 il

Confidence in human contribution
to the observed change
oo High
o Medium
‘@ Low due to limited agreement
© Low due to limited evidence
Type of observed change since the 19505

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

. Increase (19)
R

O Low agreement in the type of change (8]

O Limited data and/or literature (18)

Confidence in human contribution
to the observed change
oo High
*@ Medium
@ Low due to limited agreement
© Low due toimited evidence )
Type of observed change since the 19505

) 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

O Increase (12)
. Decrease (1)

O Low agreement in the type of change (26)

O Limited data and/or literature (4)

Confidence in human contribution
tothe observed change
oo High
oe Medium
® Low due to limited agreement
© Low due toimited evidence

Type of observed change since the 19505
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Climate change is already affecting every inhabited region Figure SPM.3
across the globe, with human influence contributing to many
observed changes in weather and climate extremes

) 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

North —

America
O Increase (12) @@
‘ Decrease (1) @@
O Low agreement in the type of change (28) @

O Limited data and/or literature (4) Central —

America

@

Confidence in human contribution
to the observed change

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

Small
Islands

South ——
America

O Low due to limited evidence
Type of observed change since the 1950s
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Future emissions cause future additional warming, with total Figure SPM.4
warming dominated by past and future CO, emissions

Carbon dioxide (GtCO,/yr)

140
SSP5-8.5
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80 SSP3-7.0
60
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0
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Future emissions cause future additional warming, with total Figure SPM.4
warming dominated by past and future CO, emissions

Selected contributors to non-CO, GHGs

Methane (MtCH.,/yr)
800 SSP3-7.0
600
400 SSP5-8.5
SSP2-4.5
200 — — SSP1-2.6
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Future emissions cause future additional warming, with total Figure SPM.4
warming dominated by past and future CO, emissions

Selected contributors to non-CO, GHGs

Nitrous oxide (MtN,O/yr)
20 SSP3-7.0
_ SS5P5-8.5
10 T~ SSP2-45
SSP1-2.6
SSP1-1.9
0,
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Future emissions cause future additional warming, with total Figure SPM.4
warming dominated by past and future CO, emissions

One air pollutant and contributor to aerosols

Sulfur dioxide (MtSO,/yr)
120
80 T sp370
40 SSP2-4.5
SSP5-8.5
. SSP1-1.9
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With every increment of global warming, changes get larger in Figure SPM.5
regional mean temperature, precipitation and soil moisture

) Annual mean temperature change (C)
S1°C globatwarming
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Projected changes in extremes are larger in frequency and
intensity with every additional increment of global warming

INTENSITY increase  FREQUENCY per 10 years

FREQUENCY per 10 years

INTENSITY increase

Hot temperature extremes over land

10-year event
Frequency and increase in intensity of extreme temperature
event that occurred once in 10 years on average
in a climate without human influence
Future global warming levels

1850-1900 Present1°C  1.5°C 2°C 4°C

Once  nowlikely  willlikely willliely  willlikely
occurs ceur occur occur
28times  41times S5.6times 9.4 times
08-32)  @8-47) (860 (83-94)

+6°C

+5°C

+4°C

+3°C

+1.2°C +1.9°C 426°C +5.1°C
hotter hotter hotter

Heavy precipitation over land

10-year event

Frequency and increase in intensity of heavy 1-day
precipitation event that occurred once in 10 years on
average in a climate without human influence

Future global warming levels

1850-1900 Present1°C  15°C 2°c 4°c
. . % & s
Once now likely will likely will likely will likely
i | ol || ol | ol
1.3 times 1.5 times 1.7 times 2.7 times.
2 imets ime 7 ine e 7t
+40%
+30%
+20%
+10%
- [ i |
+6.7% +10.5% +14.0% +30.2%

weter wetter wetter wetter

50-year event
Frequency and increase in intensity of extreme temperature
event that occurred once in 50 years on average
in a climate without human influence

Future global warming levels

1850-1900 Present1°C  1.5°C 2°C 4°C
£
g
2
B
g
g
<
2
g Once now likely will likely will likely will likely
3 occurs’  oceur’  occur  occur
o 48times 8.6times 13.9times 39.2 times
& @s-eh  G-dom o166 Gro-aie

+1.2°C +2.0°C +2.7°C +53°C
hotter hotter hotter hotter

INTENSITY increase

Agricultural & ecological droughts in drying regions

10-year event
Frequency and increase in intensity of an agricultural and ecological
drought event that occurred once in 10 years on average across
drying regions in a climate without human influence

Future global warming levels

1850-1900 Present1°C  15°C 2°C 4°c
g
3 o
2 . o ®e .
g
2
>
2
S once  nowlikely willliely willlicely  willliely
3 occurs occur occur occur
g 17times 20times 24tmes 4.1 tmes
& ©7-42) 10-51) 58 (17-72)
g +2sd
8
3
2
E +1sd
2
Z ] ||
£ oow I
z +03sd  +05sd  +06sd  +10sd
drier drier drier drier

Figure SPM.6
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Projected changes in extremes are larger in frequency and Figure SPM.6
intensity with every additional increment of global warming

Heavy precipitation over land
10-year event

Frequency and increase in intensity of heavy 1-day
precipitation event that occurred once in 10 years on
average in a climate without human influence

Future global warming levels

1850-1900 Present 1°C 1:52C 2:°C 4°C
2
3
;‘ A (] °®
= ° ° ° 0) o
@
Q
>
2
w Once now likely will likely will likely will likely
8 occurs occur occur occur
b 1.3 times 1.5 times 1.7 times 2.7 times
& (12-14) (14-17) (1.6-20) (2.3-3.6)
g 0%
2 430%
o
E +20%
G +10% I
Z
E 0% . I
Z +6.7% +10.5% +14.0% +30.2%
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Projected changes in extremes are larger in frequency and Figure SPM.6
intensity with every additional increment of global warming

Agricultural & ecological droughts in drying regions

10-year event

Frequency and increase in intensity of an agricultural and ecological
drought event that occurred once in 10 years on average across
drying regions in a climate without human influence

Future global warming levels

1850-1900 Present 1°C 1.5 °C 2°C 4°C
o
3
>
o L o0
g ) ) L) o e
[}
Q
0
w Once now likely will likely will likely will likely
8 occurs occur occur occur
e} 1.7 times 2.0 times 2.4 times 4.1 times
= 0.7 - 4.1) (1.0-5.1) (1.3-5.8) (1.7-7.2)
+2 sd

+1 sd
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Human activities affect all the major climate system components, Figure SPM.8
with some responding over decades and others over centuries

a) Global surface temperature change relative to 1850-1900

°C
3 SSP5-8.5
4 SSP3-7.0
3 SSP2-4.5
2 SSP1-2.6
SSP1-1.9

|

1950 2000 2015 2050 2100
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Human activities affect all the major climate system components, Figure SPM.8
with some responding over decades and others over centuries

b) September Arctic sea ice area
104 km?
10
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Human activities affect all the major climate system components, Figure SPM.8
with some responding over decades and others over centuries

c) Global ocean surface pH (a measure of acidity)

8.2
8Jf_____—_“‘“—“~—~—-__5_\_‘

SSP1-1.9
8.0 SSP1-2.6
7.9 ocean SSP2-4.5
78 acidification

SSP3-7.0
7.7

SSP5-8.5
7.6
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Multiple climatic impact-drivers are projected to change in all Figure SPM.9

regions of the world

Number of land & coastal regions (a) and open-ocean regions (b) where each climatic impact-driver (CID) is projected
to increase or decrease with high confidence (dark shade) or medium confidence (light shade)
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Multiple climatic impact-drivers are projected to change in all Figure SPM.9
regions of the world

Number of land & coastal regions (a) and open-ocean regions (b) where each climatic impact-driver (CID) is projected
to increase or decrease with high confidence (dark shade) or medium confidence (light shade)
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Every tonne of CO, emissions adds to global warming

Figure SPM.10

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GtCO,)

°C
3_

Historical global
warming

0.5

The near linear relationship
between the cumulative
CO, emissions and global
warming for five illustrative
scenarios until year 2050
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Every tonne of CO, emissions adds to global warming

awy

Cumulative CO, emissions since 1850
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Cumulative CO, emissions between 1850 and 2019

Cumulative CO, emissions between 2020 and 2050

Figure SPM.10

Future cumulative
CO, emissions differ
across scenarios, and
determine how much
warming we will
experience



“ It is indisputable that human
activities are causing climate
change, making extreme climate
events, including heat waves,
heavy rainfall, and droughts,
more frequent and severe.




‘ ‘Climate change is already
affecting every region on Earth,
iIn multiple ways.

The changes we experience will
increase with further warming.



‘There’s no going back from
some changes in the climate
system...




“...However, some changes could
be slowed and others could be
stopped by limiting warming.




‘ ‘There S no going back from
some changes in the climate
system. However, some
changes could be slowed and
others could be stopped by
limiting warming.




Effect of dedicated air pollution or
climate policy on population-
weighted PM, . concentrations

(ng m~3) and share of population (%
exposed to different PM2.5 levels
across selected world regions.

IreRcovesuENTAL et on climate change

Climate Change 2021
The Physical Science Basis

Summary for Policymakers
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