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A temperatura da Terra nao tem variado
substancialmente ao longo de milhares e milhares
de anos?

Ultimos trés milhdes de anos:
« periodos amenos durando de 10.000 a 20.000 anos

« periodos com calotas gigantes de gelo, durando cerca
de 80.000 anos

Eoceno (50 milhdes de anos)

« Terra “Casa Quente”; livre de gelo, com arvores gigantes
proximo dos polos, concentragao de CO, 800 ppm, mais
gue o dobro da actual, temperatura média ~15C

Era Paleozoica (550 a 250 milhdes de anos)

« Terra guase que completamente coberta com gelo
varias vezes.




Como podemos inferir atemperatura da Terra em
milhares de anos passados?

Jean Louis Rodolphe Agassiz (1837)

Muitos enigmas do registro geoldgico poderiam ser explicados pelo avanco e
recesso de grandes camadas de gelo.

Essa afirmacéo causou forte reacao publica e o levou ao ridiculo académico

Paleocli matologia — uso de evidéncias fisicas e quimicas de registros
geoldgicos para deduzir mudancas climaticas com o tempo

Expedicao Thayer (1865)




O método da razao dos isotopos de Oxigénio

IOO

99,76 % do oxigénio na agua

ISO

Is6topos de Oxigénio



'H,80 mais dificil de evaporar e mais facil de precipitar
em chuva que H,*%0

Préximo dos polos, o vapor d’agua
atmosférico fica cada vez mais esgotado
de 180

Agua pesada, rica

em!80, condensa-se
prefere_nmalmente_ Meltwater from glacial
nas latitudes médias %4 ce is depleted in 10

- Wailer slightly depleted in 'E(::-s
evaporates fromwadrmm sub-fropical '.'.-mera_‘



Medindo-se a razao entre 0s isotopos 16 e 18 em amostras
de gelos polares e também em conchas no fundo do
oceano, se pode estimar a variacdo de temperatura ao

Medindo a composicao do ar
em bolhas da mesma amostra,
se pode determinar a
concentracao de gases do
efeito estufa!

longo do tempo

Temperature (°C)

Calibracao do método feita na Groelandia

GRIP 93 pit 50 and observed temperatures at GRIP DMI automatic weather station
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Porque ha esta variacao entre eras glaciais e
mais guente na historia do Planeta Terra?

[LUTIN

[LANKOVIC

1879 - 1958

VariacgOes periodicas na orbita e eixo de rotacdo da Terra, afetando,
principalmente, a quantidade de irradiacdo solar atingindo o Polo Norte




Gélo no Polo Norte se forma mais facilmente
sobre o continente

e
":f, ‘




-~

Milankovitch Cycles  precession @
A

19-24,000 years

100,000 years ¥4

=
413,000 years v

&
~.-------“‘ =N\
41,000 years

-

21.5°-24.5°



Temperature oC

Milankovitch Cycles and Temperature from Vostok lce-core
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Atmospheric CO; Concentration

(Ppm)

Concentracao de CO, e aumento de temperatura
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Descoberta da Importancia do Efeito Estufa na Variacao da
Temperatura da Terra

e Jean Fourier (1820)
T = ? — poténcia recebida do Sol = perdida por radiagao
= - 13 C — atmosfera deveria absorver radiacao infravermelha.

e John Tyndall (1859)

Aparelho para medir qguanto de radiacao 0os gases componentes da
atmosfera absorvem.

e Svante Arrehnius (1896)

Trabalho tedrico — se a concentracdo de CO, na atmosfera dobrar, T
aumenta em cerca de 4,5K.

e Guy Callendar (1938)
Medidas em 147 estacdes —T aumentou 0,3C entre 1880 e 1937.




John Tyndall

——

PHILOSOPHICAINTRAN SACﬁbNS



On the Influence of Carbonic Acid

in the Air upon the Temperature of
the Ground

Svante Arrhenius

Phil osophical Magazine and Journal of Science
menes o, Wolume 41, Apnl 1896, pages 237-274.

This photocopy was prepared by Eobert & Fohde for Global Warrming
Art (hitpofwmaner globalwanmingatt. comd) fom anigiral prnnted matenal
that 1z nowr in the public domain.

Arheniusg’s paper 15 the first to quantify the contnbution of carbon
diccade to the greenhouse effect (Sections [-IV) and to speculate about
whether wanations i the atmosphenc concentration of carbon dicade
have contnibuted to longterm wariations in climate (Section V)
Throughout thiz paper, Atthenius refers to carhon diosdde az “cathonic
acid” in accordance with the conwention at the time he was writing.

Contrary to some misunderstandings, Arhenius does not esplicitly
suggest in this paper that the burning of fossil fuels will cause global
warnmng, though it 15 clear that he 1z aware that fozal fuelz are a
potentially aigmficant source of carbon diozade (page 2700, and he does
exzplicitly suggest this outcome 1n later worke

THE

LONDON, EDINBURGH, asp DUBLIN

PHILOSOPHICAI, MAGAZINE

AN
JOURNAL OF SCIENCE.
[FIFTH SERIES.)

AFRIL 1800,

AXX1. On the faffuence of Carbomte Acid s the Air wmnw
the Tempevalure af the (Frowmd fy  Preof. Svaxre
Airnesios *,

L. Iatroduction : (Meervations of Lungley o
.]r'ﬂll'|"'I|".'I;'I"'r'|ll'l'|ll d 1|II.'"|I'.|||II'I|:'||I'.

F {'H“'."l.ll I\.J:'Ii. ||.|'l- II-|'|'|:| |.'|.'|'E|||l|'| an |]||- i||.’||,|.-||;.l|'| |||_'
A it .'ll‘:-iul'||li--'|. of  the ||'|:n-|.|!.-|'|' o the olimate.
|_"-:|'|:i|i i i"'l Ilillr l.'IiIII' ||.l'\-| -||.Ili|'| it '|||-- I I i N IAE] i|t|.—
portance of this guestion.  Te liam it was ehiefly the dinraal
auind mumual variations of e bl i it were lessened by

this o renmstanes,  Amoihe -~|-i-'II|'r|||'||I|.|--|in||1 f it ||:|-.-:-|'I_;_{
attrmeted the altention of physicists, is this: I3 the mean

tempernture of the groumd i any way oHnenced by the
[revseioe of heat=absorbing gases intle ;|1|-:|L:u;f]|u-|'u-'f Fou ery
riintained that the atmosphers wets like the glaza of u hot-
howse, beeanse it lets throngh the light ravs of the sum Dut
vetains the dark rays feoim the ;:_|':|||||||_- This idea was
elaborated |II'|.' l'llllilil:i-i,: ¢ il r.|1.;!.-a- wits by some of his
reseirches lod to the view, that * the L-e-|u|-|'-:.|'.u|-:- of the
earth wwler direct sunshine, even though our atmoesphere
were present as now, woull peobably full to —2007 C,, if

that atmosphere did not possesz the quality of selective

* Exteact from s paper preacnted to the Royal Swedish Acadsmy of
Heienees, 11th December, 1885 Commanieatsd by the Agthar, '

t f Heat s Mode of Mistion,' Smid ed. 1] 4y Lis -|'j-| 155 ],

| Mém, de Pade. B, o, Sod, de I'Tast, de Frames, 1 vil, 1527,

§ Complor rendus, tovil, po 4l (1838).

£hal, Mag. 8, 5. Vol. 4L No. 251, April 1806, 2



C02, the greenhouse effect and global warming: from the pioneering work of Arrhenius and Callendar
to today's Earth System Models

Por: Anderson, TR (Anderson, Thomas R[] Hawkins, £ (Hawkins, ed)l2]; Jones, po (Jones, philip p.)1 24
Exibir ResearchenD e ORCID do Web of Science

EMDEAVOUR
Volume: 40 Edigdo: 3 Paginas: 173-187
DOI: 10.1016/].endeavour.2016.07.002

Aulas Brito Cruz
1. https://www.youtube.com/watch?v=3bQJ7xV7dMk
. 7 2. https://www.youtube.com/watch?v=RJVtdtxWRS5I
some infrared escapes . =
ettt 3. https://www.youtube.com/watch?v QS4tI'IO '53U
the atmosphere and re- 4, https://www.youtube.com/watch?v=JSoBi0OHjkvk
emitted in all directions 5. https://www.youtube.com/watch?v=JSoBi0OHjkvk
3 D Fluxo de energia solar incidente sobre a Terra:
S, = 1.367 W /m?
surface
emissions Fluxo de energia radiada pela Terra:
Srqq = oT*
1/4
1—4]Y
Equilibrio: 2rR2S,(1 — A) = 4R2S,,4(1 — G) - T(K)=279|1 -G
A=034:G=04->T =16°C



https://www.youtube.com/watch?v=3bQJ7xV7dMk
https://www.youtube.com/watch?v=RJVtdtxWR5I
https://www.youtube.com/watch?v=QS4tllO_53U
https://www.youtube.com/watch?v=JSoBi0Hjkvk
https://www.youtube.com/watch?v=JSoBi0Hjkvk
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-~ / Guy Callendar first discovered
}\f/; l’ the world was warming in 1938




| | Q)Y_p Medida da Temperatura Média da Terra

https://climate.nasa.qov/news/2876/new-studies-increase-confidence-in-nasas-measure-of-earths-
temperature/
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https://climate.nasa.gov/news/2876/new-studies-increase-confidence-in-nasas-measure-of-earths-temperature/
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and the RAINFOR collaboration

Importancia da Amazonia no
Sequestro de Carbono
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Fig. 1 Estimated carbon sink into mature forest biomass inthe Ama-
zon basin for each of thethree decades since 1920, Error bars showy
ateh confidence intervals

® net C flux intact forgst £Tg)

H net Amazon foresk’ land use emissions (Tg 2

m fossil fuel emissiops [Tg) | S

Fig. 2 Estimated Amazon carbon fluxes 1880-2010. For each nation
threefluxes are represented: the net C flux mature forests {green and
negative), the net fluxes from deforestation, i e, losses from deforesta-
tion and degradation minus gains from regrowth (red and positive),
and fossil fuel emissions ikackand positive). Units are in Tg carbon
peryear (=102 g Cyr~")




Inpor ‘da Amazoniano
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https://www.youtube.com/watch?v=0Mwo5PVB0ro




Importancia da Amazonia para a Biodiversidade

@ THE WORLD BANK WHOWEARE  WHATWEDO  WHEREWEWORK  UNDERSTANDING POVERTY ~ WORKWITHUS Q
IBRD « IDA

Who We Are / News This page in: English  Espanol Francais & Portugués

FEATURESTORY | MA

Why the Amason s Biodiversity is Critical for the Globe: An
Interview with Thomas Lovejoy
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Ag];zﬁnia abriga variedade extraordinaria d{ espécies, algumas endémicas,
%itras. ameacadas e muitas ainda desconhecidas.

-

Todas as espécies desse sistema incrivelmente biodiverso representam solucdoes

para um conjunto de desafios biologicos

’ .

Exemplos: i

« Descoberta de inibidores da ECA (enzi
inspirada em estudos do veneno de Fer de
centenas de milhdes de pessoas a control

« Formigas _cortadeiras. coletam folhas
fazendas de fungos, evitando delibe
naturais. Estudar as.espécies que ele

identificar novos fungicidas naturals.
» -~

“tonversora_de angiotensinas,
(uma vibora tropical) ajuda
Ipertensao ao redor do mundo.

cobertura morta paJ;uas
nte aquelas com fungicidas
m pode ser um atalho para

)

A biodiversidade constitui um cagd

humanas, e ecial'os meio
: - i
L

“« 4

nuitas atividades
fundo.
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TSR PRODES

“Clean-land Deforestation”

Until 2018 = 788.000 km?(19,7%) — since 1500
= 436.000 km?(10,9%) — since 1988

Maflas do Ipe
. Desmataments



5 | PRODES (Desmatamento) Mapas v Grificos ¥ Sobre Contato Ajuda &

= TerraBras

Filtros - Amazonia Legal / Estados / Todos Atualizado em: 21/11/2019

/ Ano / Todos
30,000 + 291K
27.8K 1° - PARA : 152.165,00 km? - (34.12%)
_ 25.4K
25,0007 2° - MATO GROSSO : 146.142,00 km? - (32.77%)
211K 21.68
gl [EEEEEE EREaE. | | —o 10 600 kim? 3° - RONDONIA : 61.665,00 km? - (13.83%)
E 17.8K 1B.2I(1? ‘K13|Bt.1[2lt :
= 4° - AMAZONAS : 26.959,00 km?® - (6.04%)
w 14. B 9K
Q 15.000 — 13.7K13.8K - 14.3!123K i i
5 Lo 5° - MARANHAOQ : 25.395,00 km? - (5.69%)
11K :
10.000 A.8K - .
o 6 - ACRE : 15.079,00 km? - (3.38%)
7.5k, 6.9k
K6.4I( 5.9k 6.2K .
5000 4 40K K 7° - TOCANTINS : 8.699,00 km? - (1.95%)
T 8 - RORAIMA : 8.324,00 km? - (1.87%)
o 1T 17T 17T 17T 17T 17T 17T 17T 17T T T T 17T T T 1T T T T T T T T T T T T T TT1
¥ o o o 3 0 A SO B B SN T T g g N T N T e - T = .
TS E S F T e e e e e e e e e 9° - AMAPA : 1.591,00 km? - (0.36%)

http://terrabrasilis.dpi.inpe.br/app/dashboard/deforestation/biomes/legal amazon/rates

Destinacdo da area desmatada (aproximadamente)
* Pastagem: 63%

» Cultura agricola temporéria: 5,6%

* Floresta secundaria regenerada: 24%


http://terrabrasilis.dpi.inpe.br/app/dashboard/deforestation/biomes/legal_amazon/rates




