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MUDANCA CLIMATICAS

Acelerada pelas ATIVIDADES HUMANAS

1. Queima de combustiveis
2. Mudanca do uso da terra

Ocasionando:
- M Gases estufa

- P Compostos clorados na estratosfera
- P Desflorestamento
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Conexoes

Clima-quimica-ecossistemas

CLIMA

Emissoes diretas Efeito
E indiretas gstufa
Emissbes -
humanas AEROSSOIS GASES ESTUFA
Queimadas, poeira CH4, N
; gira mineral 03, CFC
Oxidante :
03, HO2 codle= Emissdes humanas
H202
Deposicédo N
Ozone, UV radiation
QUIMICA | ECOSSISTEM
S Emissdes biogénicas .
Deposicao seca
Emissoes MUda”(}j‘ +
humanas NO-tUsO-Ga terra
4




Tropospheric Life Cycles of Climatically Important Species
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Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Changes in
Solar Inputs
Clouds
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FAQ 1.2, Figure 1. Schematic view of the components of the climate system, their processes and imteractions.

Relatério do IPCC, 2007. z






https://sites.google.com/site/clawshypo/the-claw-hypothesis

(1) CLAW hypothesis. starts off with a hypothetical increase in global surface temperature.
(2) The oceans, being heat reservoirs, will absorb more heat and hence their temperature will increase.
(3) Phytoplankton such as coccolithophorids, will thrive in increased temperatures and their population will increase greatly.

(4) Coccolithophorids synthesize dimethylsulphoniopropionate (DMSP), and their enhanced growth consequently increases the production of DMSP, leading
to an increase in the amount of its breakdown form, dimethylsulphide (DMS).

(5) DMS is released into the atmosphere, where it is oxidized to form sulphur dioxide, a type of sulphate aerosol.

(6) Sulphate aerosols are known as cloud condensation nuclei (CCN). Increased water evaporation resulting from raised temperature and increased amount
of CCN in the atmosphere thus elevates the liquid water content of clouds and cloud area.

(7) The increase in rate of cloud formation due to increased CCN levels and liquid water content thus leads to greater cloud albedo. This causes a decrease
in the amount of solar energy reaching the earth’s surface and thus lowers the surface temperature. As a result, the population of phytoplankton shrinks and 9
DMS production decreases. A decrease in DMS prescribes a decrease in surface albedo from clouds and hence, a negative feedback loop is established.



Relacoes entre os
compartimentos

Oceanos = 71% da area da Terra

= 97% da agua da Terra

Capacidade de estocar e redistribuir calor e
agua em todo o globo atraves das correntes
(moderando eventos extremos).

Circulacao da matéria para longe dos pontos

de origem
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Processos que afetam a distribuicao de calor
e agua nos oceanos

ventos
-efeitos da rotacao da Terra
-topografia do oceano
-salinidade, temperatura,pressao—~>densidade

-Importancia crucial—trocas de
agua e nutrientes entre a superficie e o fundo do
oceano
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V. 2o
~ Ventos | hoss
—carregam nutrientes do continente para oSS

N
oceano. Ex: ferro AN

—poeira da Africa chega a regido do Caribe.

O ferro do material particulado € depositado
sobre os recifes de corais fertilizando as
algas.

A poeira pode também carregar patogenos que
atacam os corais.

O deserto de Gobi (Norte da China, Sul da Mongdélia)
emite poeira: esta é transportada a 6 mil km de distancia
até as ilhas Havaianas, fornecendo fosforo.
—Amazobnia— recebe poeira da Africa, fonte de
nutrientes

—ri0Ss voadores 12




Mais conexoes>BIOTA

terra » oceano— O fosforo emitido do
continente atraves do intemperismo vai
para 0 oceano;

Oceano —terra— através dos passaros e
animais migratorios;
Ilha de Naru (O. Pacifico)—o0 transporte do

fosforo € um processo importante para a
vegetacao local e a quimica do solo;

Amazonia =>conexao biogeoquimica. A
vegetacao desenvolveu um modo de
repartir o fosforo com a vizinhanca.
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Great ocean conveyor belt
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Source: Broocker, 1991, in Climate charge 1995, Impacis, adaptutions and mitigalion of cimate change: sciersfictechnical analyses, cantribution of warking group 2 to the second assessment reperd of the

inbargovernmental parsl on climate change, UNEF and WMO, Cambridge press university, 1896,
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Cinturdao Ocednico ou Termohalina

http://oceanservice.noaa.gov/education/kits/currents/o6conveyor2.html
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Cinturédo Oceénico ou Termohalina

http://oceanservice.noaa.gov/education/kits/currents/o6conveyor2.html
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Cinturédo Oceénico ou Termohalina

http://oceanservice.noaa.gov/education/kits/currents/o6conveyor2.html
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Cinturédo Oceanico ou Termohalina

http://oceanservice.noaa.gov/education/kits/currents/o6conveyor2.html
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Cinturédo Oceénico ou Termohalina

http://oceanservice.noaa.gov/education/kits/currents/o6conveyor2.html
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Conexoes nao tao ocultas
oceaho-atmosfera

El Nino
B Ocorrem: Inundacgoes e queima de
florestas (Africa, Australia e Am. do Sul).

—>mudancas no comportamento dos ventos
no Oceano Pacifico equatorial, o qual
causam mudancas na temperatura da
sup. causando ainda mais mudancas no
comportamento dos ventos
—aquecimento das aguas do Pacifico (2 a
4°C) com movimento a América do Sul.
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Consequéncias

=0 Circulacao global = sofre um

reajuste

- Chuvas torrenciais na costa do
Equador e do Peru

— Chuva no oeste americano e seca
no leste

— Secas no nordeste/norte do Brasil,
Australia, Indonésia e sul da
Africa.

21



Flg. 2:53:

Impacts of ENSO on differ-
ent regions of the world.

a Northern hemisphere
summer; b northern hemi-
sphere winter (source: NOAA,
http://www.pmel.noaa.gov/tao/
elnino/)

Verao no HN

Inverno no HN

In: Global Change and the Earth System, IGBP series, 2004.
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Reflected Solar Incoming QOutgoing

Radiation Solar Longwave
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Relatério do IPCC, 2007. 23



FEEDBACK POSITIVO




Gases Estufa
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Evidéncias do aquecimento

Dificil separar causas antropicas X
naturais

Efeito estufa # agquecimento global
Efeito estufa = processo natural

Aquecimento global = aumento da
temperatura da superficie devido as
atividades humanas
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Situacao atual

Estamos no meio de um curto periodo
interglacial

Deveriamos estar esfriando — indo
Dara uma nova idade do gelo

Holoceno (iniciou ha 11 mil
anos)—>Antropoceno (Paul Crutzen)

Ambio Vol. 36, No. 8, December 2007 28



Curva de Keeling

Mauna Loa Monthly Averages

COz (ppm)

317 ppm
03/1960

420
410
400
390

380 James Hansen
no Congresso

EUA 1988

370

Conferéncia do
Meio Ambiente
Estocolmo 1972

360
350
340
330
320, , A AAAAR

10 1960 = 3 bilhoes habitantes

1960 1970

1974 = 4 bilhoes

1980

Curva de Keeling

Conferéncia do
Meio Ambiente
Rio 1992

1990

420 ppm
Acordo de  ps5/2021
Conferéncia do Paris 2015
Meio Ambiente
Protocolo Rio 2012
Kyoto 1997 2023

8 bilhoes

o (O

2000 2010 2020

29



Global Carbon Budget 2020

COVID lockdown causes record decrease in CO, emissions for 2020

2020 fossil emissions decrease of 2.4 billion tonnes is largest ever recorded

GtCO,/yr 40
Co,
- emissions
/\ cuts of 1 to 2 billion
+0.9% peryear %2020 projection tonnes are needed
30- 1 about-7% each year between
Emissions growth 2020 and 2030
had begun to falter to limit climate
before COVID
| ek 0 0 0
25 3% per year change in line with
Paris Agreement
Source: Global Carbon Project based on CDIAC/BP/USGS. oals
20+ 8] nlth;: Billion ::'Jnr:'r;s rJI; :arrI.Jmnrdi?j;idr; |:nrr year (GtCO./yr) g
1999 2005 2010 2015 2020
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Emissions from road transport cause the largest share of the global 2020 decrease

MtCO,/day MtCO,/day
2 2
0+ 0
-2 -2
4 -4
6 -6
-8 -8
-10 Emlssm‘nS 10
are moving
-12 back up after -12
-14 peak drop -14
in April
-16 -16
“18 | Ectmated with indirect data 18
20 Source: Insights from the Global Carbon Budget 2020; Sector emissions updated from Le Quéré et al. (2020) Nature Climate Change 20
01Jan 2020 01 Apr 2020 01 Jul 2020 01 Oct 2020 01Jan 2021

Effect of COVID-19
restrictions on emissions

@ Residential

@ Power

. Industry
Early data from CarbonMonitor

suggest emissions from industry
now exceed 2019 levels,
pushed up by other factors

() Surface transport
Emissions from road transport
were still below their 2019
levels by the end of the year

Public

@ Aviation

Emissions from aviation were
cut by the most (by 75%) and
were still below 2019 levels.

This had a smaller effect than
emissions from surface transport
because aviation accounts for
only 2.8% of global emissions
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Vostok (Antarctica): 4 glacial cycles
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The dark band in this ice core from the West Antarctic Ice Sheet Divide (WAIS
Divide) is a layer of volcanic ash that settled on the ice sheet approximately
21,000 years ago. — Credit: Heidi Roop, NSF
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Indicators of the human influence on
the atmosphere during the industrial era

Global atmospheric concentrations
of three well-mixed greenhouse gases
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A concentracao
atmosferica dos gases
estufa (CO,, CH,, N,O
esta aumentando em
resposta as atividades
humanas

WGI TAR Figures SPM-2,
3-2b,4-1a, 4-1b, 4-2, & 5-4a

Figure 2-1: Records of past changes in atmospheric composition
over the last millennium demonstrate the rapid rise in greenhouse
gases and sulfate aerosols that is attributable primarily to industrial
growth since 1750. The top three panels show increasing atmospheric
concentrations of carbon dioxide (CO.), methane (CH,). and nitrous
oxide (N_O) over the past 1,000 years. Early sporadic data taken from
air trapped in ice (symbols) matches up with continuous atmospheric
observations from recent decades (solid lines). These gases are well
mixed in the atmosphere, and their concentrations reflect emissions
from sources throughout the globe. The estimated positive radiative
forcing from these gases is indicated on the righthand scale. The lowest
panel shows the concentration of sulfate in ice cores from Greenland
(shown by lines for three different cores) from which the episodic effects
of volcanic eruptions have been removed. Sulfate aerosols form from
sulfur dioxide (SO,) emissions, deposit readily at the surface, and

not well mixed in the atmosphere. Specifically, the increase in sulfgg
deposited at Greenland is attributed to SO, emissions from the U.S.
and Europe (shown as symbols), and both show a decline in recent
decades. Sulfate aerosols produce negative radiative forcing.



Global Distribution of Atmospheric Methane
NOAA ESRL Carbon Cycle

Three-dimensional represantation of the latitudinal distribution of atmospheric methane in the marine boundary layer. Data from the Carbon

cooperative air sampling network were used. The surface represents data smoothad in time and latitude. Contact: oc.eamm.m

Carbon Cycle, Boulder, Colorado, (303) 497-6228, ed dlugokencky@ncaa.gov, htto://www.esrl.noaa.gov/gmd/ceggl.

May 2015
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Limites Climaticos "Perigosos”

Ll

L
L

O O

i

0,6 C Brangqueamento de corais

0,6 C Perda de gelo da Antartica Ocidental

0,7 C Desaparecimento da geleira do
Kilimanjaro

1,0 C Desaparecimento das geleiras dos
Andes tropicais

> 1,0 C Extincao de espécies (fauna e flora)

1,6 C Inicio do derretimento da geleira da
Groelandia

3-4 C Colapso da floresta Amazonica

4 C Colapso da corrente termohalina

Source: Exeter Conference, 2005
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Consequéncias

O

Ll

No mundo: 200 milhdoes de pessoas vivem
na costa em zona de risco

Na Africa do Sul:60 milhdes vivem na costa

Entre 30 a 200 milhdes de pessoas
passarao fome se a temperatura aumentar
de 2 to 3°C

250 a 550 milhoes com fome:com aumento
de 3°C

Entre 0.7 a 4.4 bilhdoes de pessoas terao
corte de agua com o aumento de 2°C
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ENERGIA
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https://ograndeabc.com.br/2020/10/17/empresas-do-polo-petroquimico-do-
abc-promovem-nova-doacao-de-cestas-basicas-a-comunidade/

Contributors to the Total
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doi: 10 3334/CDIAC/00001 V2015

summitmobilidade 40




FUELLING THE WORLD

Thanks to both government incentives and falling prices,
renewables such as wind and solar are expanding quickly. But
backing out of existing fossil fuels will be difficult.

B v s A B RV By SR S AV S SRR ARG VRS S AN VoAV
M Coal
550 “ Oil .........................................................................
© Natural gas

500 - WNGclaar X s s S
450 ... WHydroelectricity ..
3 M Renewables
.3 TIOR3 AR S S S
2
)
: 350 ...........................................................
02
B R s T R e B
g 300
2
g 250 ......................
[($]
5 200 .........
Q
=
“ 150-

100 -

50"
o
1970 1980 1990 2000 2010 2020

©onature

41



CO, flux (GtC/yr)
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Data: CDIAQ/GCP/IPCC/FUSS et al 2014
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Energia nuclear é inevitavel
parasalvar clima, diz Nobel

Sete laureados reunidos na Alemanha pedem agdo imediata contra gases-estufa [ E G GGNNNNGG_—————

‘Nao deveriamos jogar
roleta com o planeta’, diz
Mario Molina, que elucidou
papel de gas industrial no
buraco da camada de ozénio

ENVIADO ESPECIALALINDAU (ALEMANHA)

Ha poucos lugares no mun-
do, além de Estocolmo, onde se
podem juntar numa mesa sete
prémios Nobel de Quimica.
Aconteceu ontem de manha
numa cidadezinha do sul da
Alemanha, durante a 592 Reu-
nido de Prémios Nobel em Lin-
dau, diante de seis centenas de
Jjovens pesquisadores.

Talvez ainda mais raro, todos
concordaram: a mudanga do
clima é criada pelo homem e
por ele tem de ser resolvida.
Com urgéncia. E amaioria acha
que talvez ndo dé para abrir
méo daenergianuclear.

Se Nobel €é sinénimo de cra-
que em ciéncia, esse grupo de-
veria bastar para convencer de
que o aquecimento global néo é
invengio de ambientalistas:
Gerhard Ertl, aleméo (2007);
Robert Grubbs, americano
(2005); Walter Kohn, austriaco
(1988); Harold Kroto, britinico
(1996); Rudolph Marcus, cana-
dense (1992); Mario Molina,
mexicano (1995); e Sherwood
Rowland. americano (1995).

KaiFisterling - 01.jun.09/Efe

oburaco

preciso cortar emissdes pela
metade nas proximas décadas.
Da plateia veio a pergunta
que ndo queria calar, sobretudo
quando por haver nela 45 pes-
quisadores indianos e 27 chi-
neses: é inevitavel diminuir o
crescimento da populagio ou
do nivel de vida no planeta para
conter amudanga climatica?
Mais uma vez foi Molina
quem falou pela maioria: “Ine-
vitével, no”. Para ele, a huma-
nidade ja dispde das tecnolo-
gias para enfrentar o problema.
“S6 ¢ um desafio gigantesco.”
Na primeira rodada da mesa,
cada um havia listado contri-
buigGes que a quimica poderia
dar para ajudar a atacar o desa-
fio. Muitas: baterias mais efi-
cientes, novos materiais para
abaixar o custo e melhorar o
desempenho de painéis foto-
voltaicos e de turbinas de ven-
to, processos para retirar CO,
daatmosfera e armazena-lo.
Resvalando da quimica para
a fisica, a energia nuclear tam-
bém foi lembrada. A fusio de
4dtomos para obter energia, que
trés décadas atrés era encarada
como a grande solugéo, perma-
nece ainda como promessa
—paradaqui a 50 ou cem anos.
Ja a fissdo (quebrar nicleos
atomicos), base das atuais usi-
nas nucleares, tem um papel
mais ou menos garantido, reco-

maca tadae main o

ario Molina.

Folha de Sao Paulo, 1 de julho 2009, A16
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Eventos climaticos
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Selected Significant Climate Anomalies and Events in 2022

‘E’ GLOBAL AVERAGE TEMPERATURE
The Jan-Dec 2022 average global surface temperature was the sixth highest since global records began in 1880.

EUROPE

Europe had its second-highest yearly temperature on record.
Warm and dry conditions during summer exacerbated drought
conditions and fueled severe wildfires.

ARCTIC SEA ICE EXTENT

The 2022 Arctic maximum and minimum extents were
both the 10th-smallest on record.

ASIA

2022 was Asia’s second-warmest year on record.
NORTH AMERICA

2022 tied with 2011 and 2019
as North America’s 15th-warmest

d ATLANTIC HURRICANE
year on record.

SEASON
Near-average activity:
14 storms, including

CHINA
Heavy rain caused severe
PAKISTAN flooding in parts of southern
Record-breaking rain fell  China in Jun. Some locations
8 hurricanes. during Jul and Aug, causing Were hit by the heaviest rain
HURRICANE FIONA devastating floods that in 60 years.
In Sep, Fiona affected the Caribbean. affected over 30 million
It made landfall in Nova Scotia as the people;
strongest and costliest post-tropical ()
cyclone on record for Canada.

AFRICA /@)

2022 was Africa’s 10th-warmest

CONTIGUOUS U.S.

Dry and warm conditions contributed to
damaging wildfires across the West during
Northern Hemisphere spring through fall

HURRICANE AGATHA
Hurricane Agatha was the strongest

May hurricane on record to hit
Mexico’s Pacific coast.

EASTERN NORTH  HURRICANE 'A'e‘ oo i
PACIFIC HURRICANE ter knocking out Cuba’s power grid,

NORTH INDIAN OCEAN
CYCLONE SEASON
Below-average activity:
7 storms, including 1 cyclone.

g
o

z
e
3
z
3
H

JAPAN

A heat wave scorched Japan
in Jun, marking the worst
documented streak of hot
weather in that month since
1875.

WESTERN NORTH
PACIFIC TYPHOON
SEASON
Below-average activity:
22 storms, including 12
typhoons.

WESTERN PACIFIC TYPHOONS
Typhoon Hinnamnor, which hit South
Korea, and Typhoon Noru, which moved
across the northern Philippines and into
Vietnam and Laos, brought heavy rainfall,
destructive flooding and strong gusts to
the region in Sep.

lan made landfall in southwestern year on record.
ﬁsﬁsezge activity: Florida just shy of Category 5 strength g?g{gdgg&ggﬁEAN &
19 st B . 0 causing record heavy rain and SOUTH AFRICA & o OCEANIA
storme i catastrophic storm surges across Record-breaking rain fell g s Near-average activity: Oceania had 20
hurricanes. . g () 9 storms. including 5 ceania had a top-
parts of Florida. across parts of eastern SI ! 4 warm year.
South Africa during CYCROIES
SOUTH AMERICA mid-Apr. AUSTRALIA
South America had its 12th-warmest MADAGASCAR

GLOBAL CYCLONE ACTIVITY
88 storms, including 40 hurricanes/
SOUTHERN SOUTH AMERIcA Yclones/typhoons. andfal
An intense heat wave affected parts of time since Jan 1988 that three storms

the region in Jan, resulting in multiple made landfall in Madagascar in a single
temperature records. month,

ANTARCTIC SEA ICE EXTENT
The Antarctic had its fourth-smallest annual maximum
and its smallest minimum annual extents on record.

Extreme rain and flooding affected
parts of eastern Australia from late
Feb through early Mar.

year on record. Major cyclones Batsirai and Emnati, as

well as Tropical Storm Dumako made
landfall in Madagascar in Feb — the first

SOUTHWEST PACIFIC
CYCLONE SEASON
Below-average activity:

6 storms, including 2 cyclones.

Please note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/
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Dresden, August2002
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TEMPESTADES

Evaporacdo mais rapida

g Mmento daumidade no ar

Rio Amazonas, 2005

Furac&o Mitch (Honduras — 1998)




Argentina's Upsala Glacierwas once the largest in South America,
butit I1s now disappearing ata rate of 200 m per year.
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Arctic Sea Ice
Minimum Extent
4.72 Million km?
September 16, 2021

Yellow line: 1981-2010 Avg Min

https://climate.nasa.gov/news/3114/nasa-finds-2021-arctic-summer-sea-ice-12th-lowest-on-record/




https://svs.gsfc.nasa.gov/4435

Millions Arctic Sea Ice Area

km?

1980  :1985 1995 ‘7. 2000
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https://svs.gsfc.nasa.gov/4435

de dezenas de espécies de anfibio

REINALDO JOSE LOPES
1A l-!'OiHl;(-lMl "IZM - N

Para uma equipe internaconal
de pesquisadores, acabou a neces-
sidade de usar os verbos no futuro
para fakar das extingoes de ani-
mais causadas pelo aquecimento
global. As vitimas, dizem cles, es-
(&0 tombando no presente mes-
mo: mais de 70 espécies de sapos
da Aménica tropical, dizimadas
por urn fungo que se beneficia de
temperaturas mids altss

() trabalho, que estd na edicio
de hoje da revista cientifica “Na-
ture” (www.nature.com), estd
sendo considerndo um marco na
tentiativa Je entender como 0 au-
mento da temperatura do planeta
vl afetar o vida, As conchases

tracam umi relagio daru entre
2quUeCimenio e £Xtingan mas turm-
Bém por mostrar que as conse-
guéncias do lendmeno podem se
revelar, na pritica, imprevisiveis.
Isso fica claro quando s¢ consi-

dera 0 fungo assassino Batra-
chochytrium demdrobatidis, que
parasita a pele sensivel dos sapos,
Ee supostamente "gosta” de tem-
peraturas amenas —enlre 17°C ¢
25°C—, o que poderia sugerir que
0 aquecimento global ndo € uma
hoa pedida para ele, Mas uma sé-
rie de interaghes complexas o fa-
vorece, conta 0 ecologo J. Alan
Pounds, da Reserva de Floresta
Tropical de Altitude de Monte-
verde, na Costa Rica,

“As mudangas nas interagdes
enire espécies que resultardo do
aquecimento serdo muito impor-
tantes. E, por sua complexidade,
podem ser muito dificeis de pre-
YOI —Sa0 cuningias no joga”, diz
Pounds, coordenador do estudo,

OQue as 110 espéaies de sapos
ATelopus a1
pias por causa do fungo, todo
mundo i sabsa. Pounds propds
um eio entre o problema ¢ ©
aquecimento, e ele e seus colegas
5¢ PUSCTAITL & INMVESUZIr O s,

Verificaram que 65% dessas ¢s-

L‘_

—

pecies andam surnidas da Ameri-
ca do Sul ¢ Central —para todos
eleitos, seriam extingoes. O grupo
viu também gue, em 30% dos ca-
S0, 0 SUMICO acontecia apds anos
anormalmente quentes. E se con-
centrava em dreas de montanhas
¢ planaltos baixos {entre LOOO ¢
2000 m). Nito parecia fazer senti-
do, diante da paixao do fungo por
climas relativamente suaves.

O grupo viy, porém, que o
aquecimento estimudava a forma-
¢do de nuvens nesses fugues, 0
que, de dia, refrescava a tempera-
tura ¢, de noite, & puxave para ci-
it (veja quadro & dir. ). O resulta-
do ¢ que, na meédsa, o fungo esta-
va no clima ideal. Detulhe: o para:
sita j4 atinge antibios na s
atlintica de Minas, diz o bidlogn

“£ um trabatho muito impor-
tante, pots liga pela primeira vez s
extinglo de um grupo mteiro de
espécies a0 aquecimento”, avalia
Chris Thomas, bidlogo da Uni-
versidade de York (Reino Unido),

Folha de Sao Paulo 2006

Aquecimento ja provoca extingio
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08 de agosto de 2018 — Revista FAPESP
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Global Change is uneven and unfair not only to humans!

Catastrophic ape decline

The Tale of the Disappearing Frogs in western equatorial Africa
of Central American Mountains —~—,, -

o

WALLALER

W

Saved? An international declarationaims to
secure the future of wild greatapesby 2015.

Central
African
Republic

Nigeria

Cameroon

L

_— SR

Figure 1| Amphibian alarmcall. The Panamanian golden frog is

one of roughly 110 species of harlequin frog ( Atelopus), many of et
which are dying out. Although this species still survives, its
numbers have fallen significantly.

Chytridthermal- optimum hypothesis for
Batrachochytrium
Blaustein, A. R. and A. Dobson — Nature, vol.439, pp. 143-144, January, 2006

Libreville

Moukalal —Doudc)uG B

Democratic

Major city
@ Republic of

Ape habitat <
$|Cabinda Gongo
a Human outbreak ‘;Jﬁ =




“O alerta da ra dourada”

“ Primeira vitima documentada do aquecimento global.”

Marty Crump estudou a espécie por 4 anos e registrou seu
%esapareumen o
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Ecossistemas

A elevacao dos mares
pode inundar o ultimo
refugio dos
tigres-de-bengala
na Africa.

E3

Exti

S L

0 de espécies

o

nca

Desertos na Amazonia —— -
Muitos animais terao

que migrar,



Brangueamento do coral

A elevacao da temperatura do mar
mata os organismos que dao cor ao coral

Foto: John Pascal A foto mostra o antes, em margo de 2016 (a esq.), e o depois, em maio do
mesmo ano (a dir.), do branqueamento e da morte de um coral em Lizard
Island, na Grande Barreira de Corais da Australia.

Pesquisa Catlin Seaview Survet/ AP.



Branqueamento da Grande barreira de corais australiana.
Com o EI-Nino de 2002, 90% dos corais morreram e 60% do
complexo foi afetado.

Australia é o maior poluidor per capita do mundo.




Amazonia

Por Elton Alisson, da Agéncia Fapesp

access time22 fev 2018,
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Poeira da Africa

230 Tg saem c

a Africa

120 Tg sao depositados no Oceano

Atlantico
40 Tg chegam

na Amazonia

30 Tg retornam a Africa e Europa
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Figura 1.3 - Série temporal da taxa anual de desmatamento na Amazonia desde a 1977 até 2020
(extraido de INPE PRODES, 2020).

Desmatamento da floresta amazdnica 1977 a 2020 em km? por ano
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Desmatamento na Amazonia Legal (km?2) em fevereiro
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Fonte: Sistema de Alerta de Desmatamento (SAD) do Imazon
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Série historica de
focos de incéndio para
- cada meés de junho
desde 1998
5.702
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Fonte: Inpe
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Causal chain of climate change,
ecological degradation of the
Amazon forest, and their impacts on
different sectors of the region's
socioeconomy.

*November 2018

*Proceedings of the National Academy of Sciences
-DOI:

*10.1073/pnas.1721770115

CHANGE IN THE DYNAMICS
///// OF VECTOR BORNE DISEASES
C

CLIMATE CHANGE &
REDUCED RAINFALL |
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O Cada drvore grande na Amazonia chega a
evaporar 300 | de dgua por dia (mais que o Rio
Amazonas despeja no mar)

O - ,)ar'a foda arzgido dz florzsia (9,9 milnozggels.

T KmeE) 20. b ||hoe de 1TC eldudsTde (e Ua saoy -sf'_' |
evapor‘adas a cada dia ’

A energia do sol consumida para a evaporagao

de apenas um dia € equivalente a producdo total
de eletricidade de 50.000 Itaipus !l




Linking the Amazon and Tibet?

Tropical-Extratropical Teleconnection Mechanism

| | | | I |
J coldlpular_ air "trapped” in
Avrctic region enhanced
" northward shift of positive mode
storm tmck 3 stronger annular circulation €
60N — 3 enhanced polar front jet
—= weakening and northward shift of .
i s zone of maximum baroclinicity +2-3 C surface warming
re- M’ %
reduction in intensicy
e enhanced
30N — of sub-tropical jet warm air advection from
south and west
J}F“ weakening and northward
shift of ITCZ ~
3 reduction and
0| o repositioning of high-level .
tropical outflow ;\
large-scale deforestation weakens .[
L~ center of deep moist convection
| | I ] | I |
20w 60w 30w 0 30E 60E 90E 120E

P. K. Snyder - Earth Interactions 14 (4) 20166




SUPERPOPULACAO

O Mundo Sem NOs (titulo original: The World Without Us) é um livro de 3 |

carater cientifico que aborda os acontecimentos que ocorreriam se 0S seres [ 7’ 6 bl I hoes de Seres .
humanos desaparecessem da Terra. O livro é de autoria do h umanos— 4 vezes mails dO
jornalista estadunidense Alan Weisman e foi publicado pela St. Martin's s z

Thomas Dunne Books em 2007. que ha 1 secu IO

0 Ultimos 10 anos~1 bilhdo de
pessoas a mais

[0 Previsao para 2050— 9 bilhoes

ESTIMATIVA: Se todas as
mulheres tiverem apenas 1
filho...

1. 2050 — 1 bilhao a menos

2075 — 3,5 bilhoes de
habitantes

= 2100 — 1,6 bilhao de
habitantes (nivel séc XIX)

67
http://www.worldometers.info/br/


https://pt.wikipedia.org/wiki/L%C3%ADngua_inglesa
https://pt.wikipedia.org/wiki/Publica%C3%A7%C3%A3o_cient%C3%ADfica
https://pt.wikipedia.org/wiki/Homo_sapiens
https://pt.wikipedia.org/wiki/Homo_sapiens
https://pt.wikipedia.org/wiki/Terra
https://pt.wikipedia.org/wiki/Estadunidense
https://pt.wikipedia.org/wiki/Alan_Weisman
https://pt.wikipedia.org/wiki/St._Martin%27s_Press
https://pt.wikipedia.org/wiki/St._Martin%27s_Press
https://pt.wikipedia.org/wiki/2007

POPULATION OF CITIES WITH 10 MILLION INHABITANTS OR MORE, 1950, 1975, 2000 AND 2015

(in millions)

City 1950 City 1975 City 2000 City 2015

I New York 123 1 Tokyo 19.8 I Tokyo 26.4 I Tokyo 26.4
2 New York 15.9 2 Mexico City 18.1 2 Bombay 26.1

3 Shanghai 11.4 3 Bombay 18.1 3 Lagos 232

4 Mexico City 11.2 4 Sao Paulo 17.8 4 Dhaka 21:1

5 Sao Paulo 10.0 5 New York 16.6 5 Sao Paulo 204

6 Lagos 13.4 6 Karachi 19.2

7 Los Angeles 13.1 7 Mexico City 19.2

8 Calcutta 12.9 8 New York 17.4

9 Shanghai 12.9 9 Jakarta 17.3

10 Buenos Aires 12.6 10 Calcutta 17.3

11 Dhaka 123 11 Delhi 16.8

12 Karachi 11.8 12 Metro Manila 14.8

13 Delhi 11.7 13 Shanghai 14.6

14 Jakarta 11.0 14 LosAngeles 14.1

15 Osaka 11.0 15 Buenos Aires 14.1

16 Metro Manila 10.9 16 Cairo 13.8

17 Beijing 10.8 17 Istanbul 12.5

I8 Riode Janeiro 10.6 18 Beijing 12.3

19 Cairo 10.6 19 Riode Janeiro 11.9

20 Osaka 11.0

UN, World Urbanization Prospects 21 Tianjin 10.7
The 2002 Revision 22 Hyderabad 10.5
23 Bangkok 68 10.1



Population Population
in 2016 in 2030
City, Country (thousands) City, Country (thousands)
1 Tokyoa, Japan 38 140 Tokyo, Japan 37 190
2 Delhi, India 26 454 Delhi, India 36 060
3 Shanghai, China 24 484 Shanghai, China 30751
4 Mumbai (Bombay), India 21 357 Mumbai (Bombay), India 27797
5 S&o Paulo, Brazil 21297 Befjing, China 27 706
6 Beijing, China 21 240 Dhaka, Bangladesh 27 374
7 Cindad de México (Mexico City), Mexico 21 157 Karachi, Pakistan 24 838
8 Kinki M_M_A. (Osaka), Japan 20 337 Al-Qahirah (Cairo), Egypt 24 502
9 Al-Qahirah (Cairo), Egypt 19 128 Lagos, Nigeria 24239
10 MNew York-MNewark, USA 18 604 Cindad de México (Mexico City), Mexico 23 BAS /
11 Dhaka, Bangladesh 18 237 Sdo Paulo, Brazil 23 444 Th e WO rl d S
12 Karachi, Pakistan 17 121 Kinshasa, Democratic Republic of the Congo 19 996 CltleS In 20 16.
13 Buenos Aires, Argentina 15 334 Kinki M.M_A. (Osaka), Japan 19976
14 Kolkata (Calcutta), India 14 980 New York-Newark, USA 19 885 D a t a b 00 k| et —_
15 Istanbul, Turkey 14 365 Kolkata (Calcutta), India 19 092 .
16 Chongging, China 13 744 Guangzhou, Guangdong, China 17 574 U N |ted
17 Lagos, Nigeria 13 661 Chongging, China 17 380 -
18 Manila, Philippines 13 131 Buenos Aires, Argentina 16 956 N a tl 0 n S .
19 Guangzhou, Guangdong, China 13070 Manila, Philippines 16 756
i} Rio de Janeiro, Brazil 12 981 Istanbul, Turkey 16 694
21 Los Angeles-Long Beach-Santa Ana, USA 12 317 Bangalore, India 14 762
22 Moskva (Moscow), Russian Federation 12 260 Tianjin, China 14 655
23 Kinshasa, Democratic Republic of the Congo 12071 Rio de Janeiro, Brazil 14174
24 Tianjin, China 11 558 Chennai (Madrag), India 13921
25 Paris, France 10 925 Jakarta, Indonesia 13 812
26 Shenzhen, China 10 828 Los Angeles-Long Beach-Santa Ana, USA 13257
7 Jakarta, Indonesia 10 483 Lahore, Pakistan 13033
28 Bangalore, India 10 456 Hyderabad, India 12774
29 London, United Kingdom 10 434 Shenzhen, China 12 673
30 Chennai (Madras), India 10 1a63 Lima, Peru 12221
31 Lima, Peru 10 072 Moskva (Moscow), Russian Federation 12 200
32 Bogotd, Colombia 11 966
33 Paris, France 11 803
3 Johannesburg, South Africa 11573
35 Krung Thep (Bangkok), Thailand 11 528
36 London, United Kingdom 11 467
7 Dar es Salaam, United Republic of Tanzania 10 760
38 Ahmadabad, India 10 527
39 Luanda, Angola 10 429 69
40 Thinh Pho Ho Chi Minh (Ho Chi Minh City), Viet Nam 10 200
41 Chengdu, China 10 104



More megacities to come!

By 2030, 43 cities around |
the globe will have 10 million 43
or more inhabitants.

2030

@)
World Urbanization Prospects: The 2018 Revision UI\?SESA
Access the report: bit.ly/wup2018 e #UNPopulation
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COMO ESTUDAR TANTAS MUDANCAS
2

Laboratory Models
Qbservations

Fig & Keeping thethreeJegged stool approach © atmos phenc chemistryresearch
balanceed requires bhboratory studies, fiekl observations and maodeling tha must
each be rooted strongly in fundamental saence

The international global atmospheric chemistry (IGAC) project:
Facilitating atmospheric chemistry research for 25 years

Megan L Melamed™*, Paul S. Monks", Allen H. Goldstein“, Mark G. Lawrence®,
Jeff Jennings®

71
O  Anthropocene (2015)



Modeling the Earth System

,@' olarradiation
T errestrial S
H-0, N2, O, radiation

CO;, O, etc.,
aerosols Atmosphere-land

coupling

B B
M Atmosphere-ice “\\

// v
/ \
/ ""\.

N

| coupling e \\\\\ Wind stress
N | exchange [/ oration J

Ice-ocean 1}
coupling Atmosphere-ocean
coupling

atmospheric compositon oy, noee of land features

orography, vegetation, Q& Changes of ocean basin
albedo, etc shape, salinity, elc
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Infrastructures neededto address Earth System

JQuestions: Supercomputing




Susan Solomon IS internationally
recognized as a leader in atmospheric
science, particularly for her insights in
explaining the cause of the Antarctic ozone

Ilh II ——
important contributions to understanding
chemistry/climate  coupling, including

leading research on the irreversibility of
global warming linked to anthropogenic
carbon dioxide emissions, and on the
influence of the ozone hole on the climate
of the southern hemisphere. Her current
focus is on issues relating to both
atmospheric  chemistry and climate
change.

James Edward Hansen € um climatologista
norte-americano. Graduou-se em fisica e
matematica na Universidade de lowa,
obtendo mestrado em astronomia e
doutorado em fisica.

Alguns governantes americanos o =
odiaram!!




ces to reduce your contribution to climate change

Average values for developed
countries, based on current
emissions.

Hang dry Recycle Wash Replace Eataplant  Switch Buy green  Avoid one Live Have one
clothes clothes in typical car based electric car  energy roundtrip car free fewer child
cold water  with hybrid diet to car free transatlantic

flight

Moderate Impact High Impact

0.8-0.2tCOe >0.8tCO,e

onmental Research Letters
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