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Os pioneiros
Jean Baptiste Fourier (Franca) = em

1827 sugeriu que a atmosfera se
comportava como um vidro em uma
estufa.

John Tyndall (Inglaterra) = em 1865,

reconheceu que alguns gases absorviam
infravermelho.

Svante August Arrhenius (Suécia) *
em 1896, propos um modelo
Matematico - dobrando CO,




A Terra recebe radiacao:

B Ultravioleta (< 0,380 pm) - removida na
estratosfera

m luz visivel (0,400-0,750 pm)
®m Infravermelho (0,750-100 pm)

B Da luz incidente total
—-50% alcanca a superficie e é absorvida

-20% sao absorvidos por gases O5 estratosferico
e O, (U.V.), e pelo CO, e H,0 (I.V.)

—>30% sao refletidos de volta ao espaco pelas
nuvens, gelo, neve e areia (sem ocorrer absorcao)
-vapor d’agua —~responsavel por 80% do efeito
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Fig. 7-11 Efficiency of absorption of radiation by the atmosphere as a function
of wavelength. Major absorbers are identified.

In: Atmospheric Chemistry, D. Jacob



Parte do aumento de temperatura no ultimo
seculo—~ aumento de 0,3-3% do fluxo de
energia do Sol (U.V.)

Emissao de energia da Terra = (4 - 50
um)—=regiao do infravermelho termico.

Efeito estufa — responsavel pela temperatura
media de 15° e nao -15°




Estimativa de

Gas Principais fontes antrépiCQ§ e < | e s e ~ PAG* contribuicao
CO;, Combustao de combustivel féssil, queima de biomassa | 55%
CH, Campos de arroz, gado, producéo de petréleo 11 15%
N,O Fertilizantes, queima de biomassa, produgdo de dcidos nitrico e adipico 270 6%
CFC-12  Gas para refrigeracdo 7.100 10%

PAG*: Potencial de aquecimento global.

In: Introducao a Quimica Ambiental



Tipos de vibragao molecular

Existem um grande numero de vibracdes possiveis. As

mais comuns sao:

- Deformacao axial ou Estiramentos:
Estiramento simétrico
Estiramento assimétrico

- Deformacao angular ou Dobramento:
Angular simétrica no plano (tesoura)
Angular assimétrica no plano (balanco)
Angular simétrica fora do plano (tor¢ao)
Angular assimétrica fora do plano (abano)

Estiramento Simétrico (V,) | Deformacado Angular (V;)

Inativo, A =7,5 pm

e e

(=

Ativo, A=15 pm

t

| |

Estiramento assimétrico (V;)

Ativo, A =4,2
— —

pm

L=<




Nas vibracoes moleculares

A luz é absorvida totalmente quando
sua frequéncia se iguala a frequéncia
do movimento interno de uma
molécula.

O movimento vibracional mais
simples-> movimento dos atomos
ligados entre si. Ex: X-Y: ocorre o
estiramento de ligacao




Movimento vibracional simples:
estiramento de ligacao

C-H no metano e O-H na agua: a

frequéncia de estiramento nao cai no
IV térmico (4-50 um) o

—

C-F a frequéncia de estiramento
ocorre dentro da regiao do

IV térmico




CO 2 ._?:7—2

Estiramento simétrico: durante o
movimento vibracional em que ambas
ligacoes C-O se estiram e encurtam
simultaneamente-> nao apresenta diferenca
na posicao entre os centros positivo e
negativo de cargas (deformacao axial
simetrica. O momento dipolar claramente
permanece zero ao longo de todo o
movimento, fazendo com que esse modo
vibracional seja inativo no infravermelho.




Vibracoes moleculares

Quando o momento dipolo da molecula
muda com a ocorréncia da vibracao

e
1. Symmetric stretch (p = O)

O =P

<O C

2. Asymmetric stretch (p # 0)

O_><_C+:

3, Bend (p = 0)
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Fig. 7-10 Normal vibrational modes of CO, and N,.

In: Atmospheric Chemistry, Daniel Jacob.
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[0 Estiramento assimetrico: a contracao de uma
ligacao C-O ocorre quando a outra € estirada (os
centros de carga nao coincidem).

[0 A deformacao axial assimetrica, associada a
rotacoes dos atomos, € responsavel pela
absortividade do CO, na faixa em torno de 4,25
um.

0 Outro modo vibracional ativo dessa molécula no
infravermelho € a deformacao angular simétrica,
esse modo € responsavel pela absortividade do
CO, na faixa em torno de 15 um.
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Outra vibracao importante:
vibracao de deformacao angular

[0 oscilacao na distancia entre os atomos X e Z
ligados a Y, mas nao ligados entre si.

[0 Ocorre a absorcao da luz IV quando houver uma
diferenca na posicao relativa entre os seus
centros de carga positiva (nucleo) e negativa
(nuvem de elétrons) durante a vibracao -
momento dipolar




CH,

0 Estrutural tetraédrica = momento dipolar médio
igual a zero (as polaridades das ligacoes C-H
cancelam-se, umas com as outras nessa
geometria). As ligacoes se contraem e se estiram
simultaneamente. A frequéncia nao cai dentro da
regiao IV térmico.

[0 Durante o movimento vibracional em que algumas
das ligacoes se estiram e outras se contraem e
naquela em que alguns angulos de ligacao H-C-H
se tornam maiores = momento dipolar diferente de

-zero (assimetria vibracional)=absorvem luz IV.



Intensificacao do
—_Efeito Estufa

- ponto de divergéncia cientifica no debate
do aquecimento global esta ligado aos
mecanismos de retroalimentacao




1 Eccentricity Cycle (100 k.y.)

- _F —

Variacao na orbita da Terra

Obliguity Cycle (41 ky.)

-®

@5colt Rutherford (1937)

Aumento/decréscimo da inclinacdao do
equador na orbita

Normal to Ecliptic

Precession of the Equinoxes (19 and 23 k.y.)

) M

Northern Hemisphere tilted away from the sun at aphelion.

17—

Northem hemisphere tilted toward t}ﬁ’éﬁsun at aphelion.

Variacao do eixo de rotacao

Ciclo de Milankovitch



Variagdo da excentricidade
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Manchas Solares

-tempestade magneética
solar
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Temperature vs Solar Activity
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The above graph compares global surface temperature changes (red line) and the Sun's energy that Earth receives (yellow
line) in watts (units of energy) per square meter since 1880. The lighter/thinner lines show the yearly levels while the
heavier/thicker lines show the 11-year average trends. Eleven-year averages are used to reduce the year-to-year natural noise
in the data, making the underlying trends more obvious.

https://climate.nasa.gov/causes



https://climate.nasa.gov/internal_resources/1896
https://climate.nasa.gov/causes/

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

IPCC Synthesis Report 2001: 47
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Sulfate aerosols deposited in Greenland ice

SO, emissions
nited States

AN ¢

Sulfate concentration
mg SO, per tonne of ice

Sulfur

200 1

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 are
not well mixed in the atmosphere. Specifically, the increase in sulfate
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.




Relative sea level over the last 300 years
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Figure 2-5: A limited number of sites in Europe have nearly continuous records of sea level spanning 300 WGI TAR Figure 11-7

years and show the greatest rise in sea level over the 20th century. Records shown from Amsterdam, The
Netherlands, Brest, France, and Swinoujscie, Poland, as well as other sites, confirm the accelerated rise in sea level over the 20th century as
compared to the 19th.

IPCC 2001: Climate Change 2001. Synthetic Report: 52



Anthropogenic

Matural

Radiative forcing components
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CO2 Concentration (ppm)

March 22, 2021
Carbon dioxide concentration at Mauna Loa Observatory
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MECANISMOS DE RETROACAO

Clatratos de metano no aceano

Enfraguecimento do cinturao oceanico

Mudancas nas florestas —de

absorvedores para emissores de CO,

Mudanca no albedo da Terra - gelo e

NUVENS
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Great ocean conveyor belt

GRID (@)

Arendal unee

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

inbargovemmental parsl on dimate changs, UNEF and WMO, Cambeidga prass university, 1896.

CINTURAO OCEANICO



Py,

Capa do pél norte (New Scientist, 2005)

Groenlandia — perda de 40 metros de gelo por dia



Selected Significant Climate Anomalies and Eventsin 2016

ARCTIC SEA ICE EXTENT

During its growth season, the Arctic had its smallest
annual maximum extent for the second year in a row.
During its melt seasan, the Arctic reached its 2
smallest minimum extent on record (tied with 2007).

CANADA

A wildfire destroyed large parts of Fort
MeMurray (Allerta) in eary May and
became the costliest natural disaster

EUROPE

Europe experienced its 3 warmest year, behind only
2014 [record warm) and 2015 (2™ wammest], making
the past three years the three warmest in the 107-year
continental recard. The average winter (Dec 2015-Feb
2016] ternperaturs was record high.

in Canada's history.

ALASKA

2016mnhewalmestmr

ASIA

Asia observed its 3™ warmest year on record,
behind 2015 {record walmestgwnd 2007 (2
warmest), Apr, Aug, and Sep were each record

for the state since records
began in 1925. j

(fUNTIGU OUS UNITED STATES
2016 was the 2™ warmeast year on
record for the cantiguaus LS. Every
state was warmer than average.

EASTERN NORTH PACIFIC

MNORTH AMERICA

2016 was the warmest year for Morth America since
continental records began in 1910, surpassing the

previous record setin 1998,

o

15 storms, 7 hurricanes.

HURRICAME SEASON HURRICANE MATTHEW
Above-average activity, 144% of normal ACE. [Sep 287 - Oct 977
21 storms, 11 hurricanes. Matthew was the first Category

5 hurricane in the North Atlantic
since Felix in 2007, The storm

warm, while Oct and Now were both coaler
than their long-term averages.

ATLANTIC HURRICANE SEASON
Above-average activity. 140% of normal ACE.

MIDDLE EAST

TYP HODN LIONROCK

[Aug 18

Llnrl'nd: |mpacted northeastern areas of the
Demecratic People’s Republic of Korea [DPRK),
where rainfall of up to 320 mm in four days led
to catastrophic floading and 133 faralities. /'

o0

f‘ET‘\ST ASIA
A cold wave in late Jan impacted
parts of East Asia. In southem
China, Guangzhou recorded its
first snow since 1967 and
Manning its first since 1983, A
bowy termperature of 3.1°C was
abserved at the Hong Kong
Observatory, the 6 lowest
temperature on record at that
location.

J

On Jul 21* according to preliminary
reports, a temperature of 54.0°C was
recorded at Mitribah, Kuwait. Upon
verification, this will be the highest
temperature on record for Asia, On
Jul 22, Basra, Iraq, reached 53.5°C

INDIA

country,

On May 19, Phaledi, India reached a
temperature of 51.0°C, becaming the
highest termperature on record for the

WESTERN PACIFIC OCEAN
TYPHOOM SEASON
Average activity.

26 starmis, 13 typhoons.

and Delhoran, Iran reached 53.0°C. | NORTH INDIAN OCEAN

a new national record.

CYCLONE SEASON

TROPICAL STORM DARBY majorly impacted Haiti, Cuba,
{Jul 11%-26™) the Behamas, and parts of the
Tropical Storm Darby was the second southeastern U.S Maore than
trapical cyclane in the past three years 1,000 fatalities were reported
tomake landfall in Hawaii, and only the and thousands of hames and
fifth landfalling cyclone there since buildings were destroyed. //

records began in 1949,

Mear-average activity.
5 storms, 1 cyclone.

SOUTH INDIAN OCEAN

SOUTH WEST PACIFIC OCEAN
CYCLONE SEASON

Average activity.

11 stewms, 6 cyclones.

CYCLOME SEASON
Below-average activity.
SOUTH AMERICA i _ AFRICA : i 8 starms, 3 cyclanes.
Large areas of record warmth, particularly in the Southern Africa experienced two AUSTRALIAN CYCLONE SEASON

consecutive poor rainy seasons,
with rainfall well below average in

both 2014-15 and 2015-16, leading
ta serious drought and substantial
agricultural losses.

97

nerth, and much-warmer-than average temperatures
resulted in the 2 warmest year, behing only 2005,
since continental recerds began in 1910 Jan, Feb, and
Apr weere cach record warm,

storms since reliable records began in 1969,
7 starms, 3 cyclones,

Below-average activity. Lowest number of named

AUSTRALIA
Australia observed its 4 warmest
year inits 107-year national record.

Tasmania was record warm. Nine of
the past 10 years (excepting 2010)

been warmer than average
and 7 of the 10 warmest years have
eccurred since 2005

rﬁ_fﬂﬂ RCTIC SEA ICE EXTENT
During its growth ssason, the Antarctic had its 10" smallest
annual maximum, During its melt season, the Arctic reached

its 9 smallest minimum extent on record (tied with 2007).

Flease Mote: Material provided in this map was compiled from NOAAS State of the Climate Reports and international partners. For mare information please visit: hitpsdvesnanode.noaa govisotc
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Selected Significant Climate Anomalies and Events
March 2016

ARCTIC SEA ICE EXTENT
March 2016 sea ice extent was the second smallest
GLOBAL AVERAGE TEMPERATURE March sea ice extent at 7.0 percent below the
March 2016 average global land and ocean temperature 1981-2010 average, behind 2015. Satellite records
was the highest for March since records began in 1880.

beganin 1979.

EUROPE

Precipitation varied across Europe. Much of
central Europe had below-average precipitation,
while parts of the southeast had above-average
conditions. Europe as a whole had its seventh
warmest March since 1910.

ASIA

Warmer-than-average conditions were
present across much of Asia. Some locations
experienced temperatures 3°C or greater
above average. Asia had its third warmest
March since 1910, behind 2008 and 2002.

(ALASKA

Record warmth was observed across
southern parts of the state. Alaska as

a whole had its sixth warmest March
since statewide records began in 1925.

CONTIGUOUS UNITED STATES
The contiguous U.S. had its fourth
warmest March since national records
began in 1895. Drought conditions
continued to deteriorate in the South-
west and parts of the Southern and
Central Plains. Heavy rains in early and
late March caused significant flooding
across Arkansas, Louisiana, and
Mississippi.

AFRICA
Africa had its third

warmest March since
1910, behind 2010 and

2013.
NORTH AMERICA KINGDOM OF BAHRAIN
March 2016 was the warmest March 2016 tied with 1958, 1980,
March since continental records & and 2014 as the fifth warmest
began in 1910. [ \ March on record since 1902.
Ly
SOUTH AMERICA SOUTH AMERICA
Much-warmer-than-average Below-average precipitation was AUSTRALIA »
conditions were present across oS e N G D Warmetr-than-average and{tlclx_ns were
most of the contm?r}t’ with cooler- northeast and southern South ﬂ::cer?zgigo\iﬁsagﬁ%ce vsarn:;s;ai\:laa.rch since
than—averatgefcondtl;lonsspre:ﬁnt America during March. records began in 1910. Regionally, Victoria
across parts of southern Sou : j
America. Overall, it was the seventh ﬂg’cl\rlfw South Wales had a record warm
warmest March since 1910.
ANTARCTIC SEA ICE EXTENT L DL

- Temperatures were above average across
gd;rl;:cehnfgL%\ngatI;ceef;é;?g(\.‘l’ﬁ)sas\iragef New Zealand, resulting in the sixth warmest

the 14th largest March sea ice extent on March since national records began in 1909.
record.

TMOSp,
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Q
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Please Note: Material provided in this map was compiled from NOAA's State of the Climate Reports. For more information please visit: http://www.ncdc.noaa.gov/sotc
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Ice sheet changes

Ina - Gongga Snow
Mountains are home to over 70

Greenland ice sheet
retreat of the Sermilik
glacier

Source: BBC



Eventos extremos

Inundacao UK - Boscastle
J U4

B £50milhoes de custos

Onda de calor Europeu em

2003

B ~30.000 mortes
B $13.5b custos

Inundacao naEuropa 2002

B 37 mortes
B $16b custos

Inundacoes UK 2000
B £1b de custos




Temperaturas Anuais do verao

Temperature anomaly (wrt 1961-90) °C
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Onda de calor 2003

‘l’emp_eroture Anomaly (C)
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Source: NASA Earth Observatory



Possible floodina in the UK bv 2080s

Best case scenario Worst case scenario

SHURCE: OTI Foresight Projeat

Change In risk of flooding damage (from 2004)

M Decrease M Negligible W -9 Medium



Consequéncias da variacao da Temperatura

Efeitos

Por que se preocupar?

Maior evaporacdo de
aguz

Temperaturas mais altas fardo com que mais adgua se evapore. Os efeitos serdo diferentes em cada regiao.
Algumas reqides ficardo mais secas e outras._mais (imida o_paoderi causar graves problemas para o

eCO emas SensIvelS a excesso e escasseZ de agua. Também poderd afetar plantagdes e criaces de animais.
Secas e enchentes serdo mais fregiientes e mais intensas. No Brasil, com a dependéncia dos rios para
produzir mais de 90% de energia elétrica, a falta de agua, pode ser um problema critico.

Degelo nos polos

Recuo de geleiras. Reducao de &reas em arquipélagos. Diminui¢cdo no numero de lagos. Perda da &gua doce.
Possibilidade de emissdo do metano estocado no permifrost. Dano aos ecossistemas bioldgicos.

Alteracdo nas estacoes
do ano

O aumento de temperatura podera estender o verdo e encurtar o inverno. Isto afetard os ecossistemas que sao
regulados pelas estacdes do ano. A migracdo dos passaros, a producdo de frutas e flores e 0 acasalamento dos
animais poderdo ocorrer, ha perigo de que estes ecossistemas sejam permanentemente danificados. Por
exemplo, se passaros migrarem para uma regido onde as arvores ainda nao tiverem dado frutos, eles poderéao
se extinguir por ndo encontrarem alimento em épocas diferentes. Se estas alteraces ndo forem coordenadas

Expanséo térmica dos
0ceanos

A agua aumenta de volume com o aumento de temperatura. O nivel dos oceanos, portanto, pode aumentar
significativamente. Isto podera fazer com que praias, ilhas e cidades costeiras sejam cobertas por agua
salgada. Mesmo que ainda seja possivel continuar vivendo em cidades costeiras, a agua do mar podera
contaminar a agua doce que abastece a populacdo, afetando a qualidade de vida nestas regides.

Aumento da temperatura
dosoceanos |

ainda mais.
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TORMENTAS NO HORIZONTE
Como o aquecimento global eleva a intensidade dos furacoes

W Os furaco bé hecidos como cicl

ou tufées
(na Asia), sdo cuja velocidade varia de 115

km/h (categoria 1) a mlsdezwwmanguh 5)

Desenvolvimento de
nuvens de trovao

Oceano tropical

Ar entrando ‘It

Rotacdo da
tempestade

oo

Furacao Katrina, de caty

K

Para ser formar, um furacao precisa de grandes
quantidades de ar quente e imido, em mares
tropicais a mais de 26,5° C. Quando sobe, o ar
quente faz com que o vapor d'agua nele se
condense. O processo libera o calor contido
no vapor e faz com que o ar aquecido se eleve
amda mais
Conforme a I|beraan de calor prossegue, cria-
se uma zona de baixa pressao que continua a
atrair ar quente e imido. O centro da
tempesmde comeca a glrar

A tempestade torna-se um furacao. Forma-se
um olho, drea calma, de baixa pressao, no
centro. Ele é cercado por um anel de nuvens
e ventos fortes chamado de parede do olho.
Quanto mais quente o mar, maior a
quantidade de agua evaporada —portanto,
mais “combustivel” para o furacdo, que tera
mais calor liberado na condensacao. Essa

energia térmica extra corresponde a ventos
mais intensos, e furacoes mais fortes

Aquecimento global produzira KATRINAS mais fortes

«_Noaa/France Press

5, se abate sobre a costa americana




Aquecimento ja provoca extingdo
de dezenas de espécies de anfibio

REINALDO JOSELOPES |
A REPONTAGEM | BCAL

Para uma equipe internacional
de pesquisadores, acabou a neces-
sidade de usar os verbos no futuro
para fabar 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 esta na edicio
de hoje da revista cientifica “Na-

ure” (www.nature.com), estd
sendo considerndo wm marco na
tentiativa Je entender como 0 au-
mento da temperatura do planeta
vid afetar o vida, As conchasdes

tracam umi relacio dari eptre
2quUeCimenio e £Xtingan mas turm-
Bém por mostrar que as conse-
guéncias do fenémeno podem se
revelar, na pritica, imprevisiveis.
Isso fica claro quando se consi-

dera 0 fungo assassino Batra-
chochytrium demdrobatidis, que
parasita a pele sensivel dos sapos,
Ele supostamente "gosta” de tem-
as amenas —entre 17°C ¢
25"C—, o que poderia sugerir que
0 aquecimento global ndo € uma
hoa pedida para cle. 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-
ver —sao cuningas no jogo”, diz
Pounds, coordenador do estudo,

Que as 110 espécies de mpos
Arelopus andavam
pas por causa do fungo, todu
mundo ji sabsa. Pounds propds
um eio entre o problema ¢ ©
aquecimento, e ele e seus colegas
5S¢ PUSCTAITL & INVESUZAT O Cisa,

Verificaram que 65% dessas ¢s-

— —

pecies andam surnidas da Améri-
ca do Sul ¢ Central —para todos
eleitos, serlam 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 fugures, O
que, de dia, refrescava a tempera-
tura ¢, de noite, & puxava para ci-
it (veja quadro & dir. ). O resulta-
do ¢ que, na médss, o fungo esta-
va no clima ideal. Detulhe: o para-
sita jA atinge antibios na mats
atlintica de Minas, diz o bidlogn

“E 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



Climate change is turning parts of Antarctica green, say scientists
Researchers map ‘beginning of new ecosystem’ as algae bloom across surface of melting
snow

Jonathan Watts — The Guardian
Wed 20 May 2020

Study author Andrew Gray geotagging the
snow algae blooms. Photograph: Dr Matt
Davey/University of
Cambridge/SAMS/AFP via Getty Images



https://www.theguardian.com/world/2020/may/20/climate-change-turning-parts-antarctica-green-say-scientists-algae?utm_source=Nature+Briefing&utm_campaign=0f2156291a-briefing-dy-20200520&utm_medium=email&utm_term=0_c9dfd39373-0f2156291a-43638645#img-1
https://www.theguardian.com/profile/jonathanwatts

“O alerta da ra dourada’

“ Primeira vitima documentada do aquecimento global.”

Marty Crump estudou a espécie por 4 anos e registrou seu
desaparecimento
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Nivel do mar

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 marco 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

mdo.

Australia é o maior poluidor per capita do mundo.




éspelhos NO espaco

Injecao de enxofre na
- estratosfera

Sequestro de CO,
Fertilizacao por ferro

We are not proposing that geo-engineering
be carried out! We are proposing that the

implications should be carefully explored. Phil Rasch NCAR
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