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O Sol € a nossa fonte de energia

Sem o Sol, a temperatura
na Terra seria -270°C

SOHO (ESA and NASA)



The Greenhouse Effect

Some sunlight that hits
the earth is reflected.
Some becomes heat.

w/o greenhouse =-18°C w/ greenhouse = +15°C
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Absor ptivity
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Absorptivity of various gases of the atmosphere and the
atmosphere as a whole as a function of the wavelength of radiation.
An absorptivity of zero means no absorption while a value of one
means complete absorption. The dominant absorbers of infrared
radiation are water vapor (H,0) and carbon dioxide (CO,). Oxygen (0,)
and ozone (O,) absorb much of the sun's ultraviolet radiation.



Atmospheric Energy Balance
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. : ¢¢ cool dry air
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Convecgao e Nu '~~~

* Como a maior parte da -
absorvida na superticie, H
esquentando a atmoste

cloud edge_ /

sinking

warm updraft cold downdraft

O ar quente é
menos denso e
sobe, pois o ar

frio que esta
em cima €
mais pesado.

Copyright © 2005 Pearéon Pre



Nuvens e Frentes

* Uma outra maneira
muito comum de formar
nuvens € quando uma
frente fria encontra uma
massa de ar quente

cirrostratus

cumulonimbus

front altocumulus

cold airmass” . . 'marm air mass
il;’ PPN &K.A.Lemke




Dia e Noite

* A energia que recebemos do Sol também ndo é
distribuida igualmente pela superficie do planeta!

e Giro em torno do proprio eixo
e O eixo é inclinado em relacdo a 6rbita em torno do Sol







Distribution on the Earth

Hot air rises at
the equator

Cold dry air decendes \‘ it st " it

at high latitudes
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Circulacao de grande escala

Onde o ar sobe

o ©2008 HowStuffWorks ha mUItaS
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/ Onde o ar desce
Equétor ha desertos
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Localizacao dos grandes desertos

* Nas latitudes onde o ar desce seco e frio, ha
precipitacdo € pouco e as regioes sao desérticas.

DISTRIBUTION OF
NON-POLAR ARID LAND
(after Meigs, 1953)
=3

Extremely arid 30°-

Arid

R

Semiarid
0 1000 2000 MILES
| S T S

0 1000 2000 KILOMETERS %
s o




Circulacao global

* Como a terra gira, por
inércia, a atmosfera acaba
ficando para traz.

e A célula de Hadley fica
inclinada no equador,
formando os Alisios.

e Ja 0 ar que desce em
latitudes mais altas esta
girando mais rapido que a
chdo (ele estava no EQ), e
a circulacao € ao
contrario




Circulacao Global

* Os ventos proximos da /
superficie forcam o .
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Oceanic circulation




Circulacao de Walker

* Devido a presenca constante dos ventos alisios, a dgua
mais quente vai sendo empurrada para oeste.

* Esta regido de aguas
quentes for¢ca uma
convecc¢ao constante..:

2007 mean sea surface tem

* Estas células formam a
circulacao de Walker.




Precipitacao

* A distribuicdo global dos ventos, e principalmente de onde
eles sobem e descem, determinam em grande parte a
distribuicdo da precipitacao

Pentad mean Precipitation (mm/day): Annual mean

50N gy L 2. 3 | ;




Circulacao da Atmosfera

A terra recebe energia do sol, a maior parte chega na
regido tropical e é absorvida na superficie.

Esse aquecimento desigual forca o surgimento de
ventos na atmosfera e de correntes no oceano.

Esta circulagao redistribui a energia

A teoria que explica o movimentos dos

fluidos é chamada de dindmica dos
fluidos.
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lce Cores
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lce Cores




Dating ice

1. Counting layers
* From temperature
 From solar radiation
>. Pre dated tracers
e Other ice cores
e Volcanic sediments

5. Radioactive elements




deltaD = 0 per mille

http://www.iceandclimate.nbi.ku.dk
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Same thing now on ocean sediments

Shell of Foraminifera's is made of CaCOj,
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Even deeper
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(2) Sea level

250 - T T T T T

Tide Gauge
Altimeter

150 -

100 -

GMSL (mm)

50

1900 1910 1920 1930 1940

IPCC, AR5, 2013

1950

- Post-Glacial 0
Sea Level Rise 20
1 e
i Santa Catarina—+ -40 4
Rio de Janeiro + - =
I Senegal + -60 ©
i Meltwater Pulse 1A Malacca Straits ] 6
I l upper bound --80 O
i Australia | P
’ o H -}
- Last Glacial Jamaqu v 7100
Last Tahiti o
- Maximum Huon Peninsula + 2
Sy Barbados -+ -120
(™ - -- lower bound —4— -
i E Sunda/Vietnam Shelf + --140

= 4

Thousands of Years Ago

A 150
-+ 100

i 50

(fZ) DHON

UOHC /- ./

1960 1980 1990 2000 20

Year

1970 Church and White, 2011;

Jevrejeva et al., 2008;
Nerem et al., 2010



A bit of history

Weather forecasts began as observation of repetitive patterns

650 AC Babylonians made forecasts from cloud formations and
position of the start

340 AC, Aristotle described a series of meteorological situations in
a book called Meteorologica

Since 300 AC Chinese made some sort of weather forecast

Lets explain the thunder (...). There are two kinds of exhalations: dry
and humid. (...). The humid condenses and forms a cloud (...). The
radiated heats disperses on the top of the cloud, cooling it. A dry
exhalation, that gets trapped in the process, will be eject from the
cloud with high speed. When it collides with the neighboring clouds
1t makes a noise. We call this noise: thunder.

— Aristoteles Meteorologica



Modern History

1400's

e Hygrometer - Cryfts (1450)

e Anemometer - Alberti (1450)
1500's

e Thermoscope - Galileo
1600's

e Barometer - Torricelli (1643)

* Les Meteores - Descarte (1637)
1700's

e Trade winds - Hadley (1730)
1800's

e Three-cell model - Ferrel (1855)

e Weather maps of surface pressure
1900's

e Weather prediction - Bjerknes (1903)

e Polar front theory - Bjerknes (1921)
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Modern Technology

® 1900's
e Numerical weather prediction
e Richardson (1922)
e Daily balloon observations (1940's)
e First computer — ENIAC (1946)
e First weather forecast

« Von Neumann and Charney (1950) (\, G
e Weather satellites (Tiros |, 1960) |

e First global model
e Smagorinsky (1963)



