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Producao de Radiacao Solar

e Sol: 25% Hélio + 75% Hidrogénio; R=699.500.000 km

e Energia: reacdes nucleares no nucleo(25% do raio total)(99% de toda
energia produzida)

e Nducleo: P=250 bilhdes de atmosferas (25.33 trilhdes kPa) e T=15.7x1076 K

e Fotosfera: 500 km mais externos. Daqui vem quase toda energia
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Irradiance (W/m?2/nm)

Emissao de Radiacao Solar

Spectrum of Solar Radiation (Earth) Radiancia Espectral de Corpo
2.5 _ : Negro .
UV | Visible: Infrared > 2hC2 1
Sunlight without atmospheric absorption Integrando sobre todos os A:
1.5
j* — oT* Lei de Stefan-Boltzmann
5778K blackbody
1 g o =5,6697 x 10 *Wm *K
HO Sunlight at sea level
0.5 Atmospheric Ae =4.11.r? R=6.995x10/8 km
absorption bands T=5800 K
HO cq
0

500 750 1000 1250 1500 1750 2000 2250 2500

Wavelength (nm) P=3.95x 1 0A26 W




Incidéncia da Radiacao na Terra
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Temperatura de Equilibrio do Sistema
Terra-Atmosfera”

A max
T8x107—

e Fs=So(1-A)/4

e |gualando energia que vem
do Sol com a emitida pela
superficie da Terra(onda
longa):

o F=Fi=0(Teartn) 4 amax 25K

16
o para A=0,3(atual): . / er
‘ Tearen=255K=-18°C! 0.4 05 0.6 0.7 7'/ 075710 15 20
Wavelength (um) (um)
. Longwave
l«—— Shortwave radiation —»f e oo ]

© 2007 Thomson Higher Education

6x 107

4x 107

The earth
2x 107

Radiation Intensity (W/m2 / um)

A superficie terrestre
claramente nao esta tao fria!




Temperatura de Equilibrio do Sistema
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e T(superficie atual)=288K + correcn ——
Albedo(atual) =0,3 Snow

- fresh ) 0.80-0.95
f=0,77(fracdo de onda-longa 019 compsced/diry 0.42-0.70
-}
absorvida pela atmosfera) pacer 820050
ater
Scene type calm, clear seawater
number Scene type Broadband albedo solar eievation 60" 0.03
30 0.06
1 Evergreen needle forest 0.1188 10° 0.29
2 Evergreen broad forest 0.1300 Soils .
. dry, wind-blown sand 0.35-0.4%
3 Deqduous needle forest 0.1188 Wt windBlown samd 0.20-0.90
4 Deciduous broad forest 0.1726 silty loam {dry} 0.15—0.60
5 Mixed forest 0.1443 silty loam {wet} 0.07-0.28
6 Closed shrubs 0.2175 ‘:a‘ 0.05-0.15
ants
7 Open/shrubs (desert) 0.2314 short grass (0.02 m) —
8 Woody savanna 0.1620 long grass (1.0 m) 0.16
9 Savanna 0.1818 gea_t;‘er . o loat 0.10
10 Grassland 0.1341 deciducus foraat :'t';.rzsa } g:fg
11 Wetland 0.1147 pine forest 0.14
12 Cropland 0.1496 field ML : 0.15-0.30
sugar beset {spring 0.17
13 Urban 0.1697 sugar beet (early summer) Q.14
14 Crop mosaic 0.1583 sugar beet {midsummer} 0.26
15 Barren/desert 0.3551 Man-made
16 Tundra 0.1697 asphalt g.og-o.zo
ncrat . -0,
17 Ocean water 0.0660 brick O_j«m_gig




*\mplitude maxima de ~50K, para f de 0 a 100%.
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C02 and Albedo feedback mechanisms

e High albedo allows the polar ice
sheets to slowly grow

e Slowly reflect more and more incident
sunlight in the process.

e And this ice-albedo resist the next
Great Summer when northern
sunlight (insolation) is once again at
a maximum,

e Great Summers produce no global
warming whatsoever.”

Fonte: [8]

Reduces the sun-strength in the northern
hemisphere and allows ice sheets to grow.

As the ice sheets grow and the seas cool, CO2
also reduces.

The concentration finally reaches the critical
190 ppm level where world flora begins to
die, steppe-lands turn into a true sand
desert.

Dust storms dump thousands of tonnes of
dust onto the northern ice sheets each year.

Dusty polar ice sheets can warm and melt
and the next interglacial is born



CO2 and Albedo feedback mechanisms
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Causas de alteracao do sistema climatico

1. Movimento tecténico

2. Vulcdes

3. Composicao atmosferica
4. Orbita terrestre

5. Forgante solar

placa
tecténica



Forcante solar

Variacdes do fluxo de radiacdo solar que atinge a Terra, devido aos
movimentos:

Excentricidade da 6rbita 32?2':&3'
Precessao do eixo da Terra
Obliquidade

Precessao do Afélio
Inclinacdo da Orbita




Eccentricity

Atualmente

Diferenca de 3% entre a maior (periélio) e
menor aproximacao (afélio).

Implica num aumento de 6% da radiacao
incidente entre Janeiro (periélio) e Julho
(afélio).

e Periodo: 90.000-100.000 anos.

e Maior excentricidade: diferenca de
20-30% entre o periélio e o afélio.

Fonte: [3]




Precessmn

Periodo: ~26.000 anos

e Altera a orientacdo da Terra
em relacao ao afélio e
periélio.

e Atualmente, o verao do
hemisfério sul ocorre no
periélio.

Fonte: [3]



Obliquity

Periodo: ~41.000 anos.

Maior inclinagao: estacdes mais severas.

Maximum tilt: 1—4\'/2A
Todays tilt:

Minimum tl|t<—\7/




periodo: ~112.000 anos.

Fonte: [5]



Inclinacdo da Orbita

Celestial body

e Periodo: ~100.000
anos.

True anomaly
Argument of pgriapsis
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Ciclos de Milankovitch

heuiecececasecerece:

Excentricidade da orbita

e (1983) Teoria que explica as eras glaciais e interglaciais a
partir das variacdes dos 3 parametros orbitais.




e Combinacdao dos 3 modos de
osciladores  harmdnicos =
Forcante solar.

® Aumento suave, decaimento
abrupto
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Registros de mudancas
climaticas

Anéis de crescimento em arvores;
o Cambio vascular

Sedimentos marinhos e lacustres
Rochas e espeleotemas
Testemunhos de gelo




0 registro paleoclimatico em testemunhos de gelo

Forma mais direta e detalhada;

Bolhas de ar aprisionadas em geleiras;
Analises das propriedades fisicas e quimicas ;
Sujeito a difusdo gasosa entre poros.
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Testemunho de gelo de Dome da Antartica

Fig. 3: ice core data from the EPICA Dome C (Antarctica) ice core: deutenum (60) is a proxy for local temperature; CO, from the ice core air®*
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Testemunho de gelo de Dome da Antartica

Ultimos ~800.000 anos
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Isotopos Estaveis

Eras Glaciais (ISO/IGO)MM _('IBO/IGO)MM

,180 — 61802
H."80 gelo (180/160)

refaéncia

H,'0 — oceanos

- dgua que evapora dos oceanos €, em maior
quantidade, o H:'®0 (mais leve).

- H2'80 que evaporou precipita mais rapido
do que o H.'®O

- H2"80 precipita antes da nuvem chegar no
continente

- testemunhos de gelo;
- conchas de foraminiferos (CaCOs).




Fractionation effects

(1) Sea water is heavier
Precipitation favors Fogn warerpar

H.1%0 (2) cloud water
becomes more depleted
in H,80 as it moves

inland or poleward...

L3

Evaporation favors l'
.20 H,80 H,®0
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Historia da temperatura da Terra

Plantas Dinossauros Lago Vostok Homo sapiens Indo
terrestres Primatas Savanas Homo habilis Aborigenes Egito, Mesc
Temperature of Planet Earth
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Gases do Efeito Estufa

TABLE 9-1. Atmospheric Changes in Radiatively Active Species
of Trace Gases

Concentration Twentieth Century
Annual
Pre- concentration Annual

Species Glacial  industrial*  Current change % change
Carbon dioxide 200 ppmv  280-290 ppmv 365 ppmv 1.5 ppmv 0.4

(CO,)
Methane (CH,) 300400 ppbv 700 ppbv 1730 ppbv 10 ppbv 0.6
Carbon monoxide - 90 ppbv 0.6 ppbv 0.7

(CO)
Nitrous oxide (N,0) - 275 312 ppbv 0.8 ppbv 0.3
Chlorofluoro- — 0.1-0.5ppbv  0.01-0.02 ppbv

carbons (CFCs)

*“Pre-industrial” informally refers to the time before the late nineteenth century. Houghton et

_ al. (1996) and other studies often plot trends since 1850 A.D.
Sources: Graedel and Crutzen (1993 ); Houghton et al. (1996); Battle et al. (1996)
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Evolucao Humana

Pan troglodytes })
(chimpanzee) [ %
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“(...)Peter B. deMenocal of Columbia University's Lamont-Doherty Earth Observatory. But he and
other researchers are exploring several lines of evidence, from ancient teeth to seafloor

sediments(...)’

“(...two major evolutionary events can be linked to periods of climate instability”

“Roughly between 3 and 2.5 million years ago, the lineage of ‘Lucy’ [Australopithecus afarensis] became extinct and the
first members of our own genus, Homo, appeared. The first simple stone tools also appeared with those fossils, which
featured some modern traits like bigger brains,” deMenocal says. “Then, between 2 million and 1.5 million years ago,
we see Homo erectus.” That bigger-brained hominin had a skeleton very much like our own, more sophisticated tools
like double-bladed axes and new behaviors that led early humans out of Africa for the first time.”

“Africa was switching from wooded areas to open grasslands as the climate dried out”

swings between very wet and very dry periods about every 20,000 years. This follows a regular cycle, governed by a
wobble in Earth’s orbit, that increases and decreases the amount of available sunlight hitting the planet.


http://www.ldeo.columbia.edu/~peter/site/Home.html

- "Fossil tooth analysis, (...) what our
ancestors were eating and drinking
during these volatile periods(...) ,earlier
peoples passively fed on the
expanding grasslands, says
deMenocal. This indicates that more
successful early humans sought
diverse food options during variable
periods even as the African landscape

was, in the long term, trending toward

a more uniform grassland A piece of jawbone from an early human ancestor, found at a site
in Spain that dates back about 1.2 million years.

“On the other hand, it could be that in wet periods, when
there are lots of resources, sexual selection kicks in and the
most clever females are saying, Whichever of the males is
controlling the group, I'm having him as a partner.”

environment.”

- “it's plausible to theorize that our
ancestors’ brains might have
expanded when the lakes were

highly variable, because hominins had such as the Middle Stone Age (about 80,000 to

to become smarter to determine 40,000 years ago) link rapid climate change that created wet

where their next meals would come conditions in South Africa to innovations in language and

from, Maslin says.” cultural identity, including symbolic engravings and shell
Fonte: [10] jewelry.


http://www.nature.com/ncomms/journal/v4/n5/full/ncomms2897.html
http://www.nature.com/ncomms/journal/v4/n5/full/ncomms2897.html
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Ciclos de Milankovitch em outros planetas

e Nao intensos e complexo como na Terra

MARTE
e Obliquidade: 120 ka, excentricidade: 95 ka e

precessao de 51 ka;
e Extensdo das calotas polares.
e Eraglacial ha ~370.000 anos;



Ciclos de Milankovitch em outros planetas
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Ciclos de Milankovitch em outros planetas

SATURNO:

e Tita: 60.000 anos —>
Lagos de Metano



°C vs 1960-1990 average

GSF 2014
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