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AATMOSFERA

• Cobre todo o planeta;
• Está ligada à Terra pela ação da gravidade;
• Altamente compressível (ar): sem um topo

definido como o oceano;
• Compressibilidade como resposta a uma

variação da pressão: também é responsável
por uma variedade de fenômenos atmosféricos,
tais como nuvens, precipitação, furacões e
tempestades;

• Alguns aspectos de sua composição
observada e a estrutura vertical bruta, são
observados como sendo relativamente
constantes.

Fonte da imagem: http://news.mit.edu
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AATMOSFERA

Propriedades óticas:

• Aproximadamente transparente à radiação
solar;

• Aproximadamente opaca à radiação terrestre;
• Absorção e reemissão deve-se às moléculas

do ar e às gotículas nas nuvens -> base do
sensoriamento remoto por satélites

• Espalhamento da radiação provoca efeitos
óticos: azul do céu, p. ex.

• Presença de nuvens reflete ~ 20% da radiação
solar de volta ao espaço.

Fonte da imagem: http://news.mit.edu

earth and its atmosphere combined must send off into
space just as much energy as they receive from the sun.
The same type of energy balance must exist between the
earth’s surface and the atmosphere. That is, each year,
the earth’s surface must return to the atmosphere the
same amount of energy that it absorbs. If this did not
occur, the earth’s average surface temperature would
change. How do the earth and its atmosphere maintain
this yearly energy balance?

Suppose 100 units of solar energy reach the top of the
earth’s atmosphere. We already know from Fig. 2.13 that,
on the average, clouds, the earth, and the atmosphere re-
flect and scatter 30 units back to space, and that the at-
mosphere and clouds together absorb 19 units, which
leaves 51 units of direct and indirect (diffuse) solar radia-
tion to be absorbed at the earth’s surface.

Figure 2.14 shows approximately what happens to
the solar radiation that is absorbed by the surface and
the atmosphere. Out of 51 units reaching the surface, a
large amount (23 units) is used to evaporate water, and
about 7 units are lost through conduction and convec-
tion, which leaves 21 units to be radiated away as in-
frared energy. Look closely at Fig. 2.14 and notice that
the earth’s surface actually radiates upward a whopping
117 units. It does so because, although it receives solar
radiation only during the day, it constantly emits in-
frared energy both during the day and at night. Addi-
tionally, the atmosphere above only allows a small
fraction of this energy (6 units) to pass through into
space. The majority of it (111 units) is absorbed mainly

by the greenhouse gases water vapor and CO2, and by
clouds. Much of this energy (96 units) is then radiated
back to earth, producing the atmospheric greenhouse
effect. Hence, the earth’s surface receives nearly twice as
much longwave infrared energy from the atmosphere as
it does shortwave radiation from the sun. In all these ex-
changes, notice that the energy lost at the earth’s surface
(147 units) is exactly balanced by the energy gained
there (147 units).

A similar balance exists between the earth’s surface
and its atmosphere. Again in Fig. 2.14 observe that the
energy gained by the atmosphere (160 units) balances
the energy lost. Moreover, averaged for an entire year,
the solar energy received at the earth’s surface (51 units)
and that absorbed by the earth’s atmosphere (19 units)
balances the infrared energy lost to space by the earth’s
surface (6 units) and its atmosphere (64 units).

We can see the effect that conduction, convection,
and latent heat play in the warming of the atmosphere if
we look at the energy balance only in radiative terms.
The earth’s surface receives 147 units of radiant energy
from the sun and its own atmosphere, while it radiates
away 117 units, producing a surplus of 30 units. The at-
mosphere, on the other hand, receives 130 units (19
units from the sun and 111 from the earth), while it
loses 160 units, producing a deficit of 30 units. The 
balance (30 units) is the warming of the atmosphere
produced by the heat transfer processes of conduction
and convection (7 units) and by the release of latent
heat (23 units).

Incoming Solar Energy 41

Earth's albedo
30% reflected
and scattered
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Atmosphere

Clouds

Earth's surface

Incoming
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diffuse

 Top of atmosphere
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FIGURE 2.13
On the average, of all
the solar energy that
reaches the earth’s
atmosphere annually,
about 30 percent (30⁄100)
is reflected and scattered
back to space, giving the
earth and its atmos-
phere an albedo of 
30 percent. Of the
remaining solar energy,
about 19 percent is
absorbed by the atmo-
sphere and clouds, and
51 percent is absorbed
at the surface.
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Com excelente aproximação, a pressão medida sobre qualquer ponto dentro da
atmosfera é igual ao peso por unidade de área da atmosfera acima desse ponto – isto
é, a atmosfera está essencialmente em balanço hidrostático (Unidade 4).

Recordamos que a pressão tem a dimensão de força por unidade de área. Relembre, 
também, que o peso de um objeto é uma força e é dada por: 

Fg = m . g 

onde m é a massa do objeto e g a aceleração devido à gravidade (aproximadamente 
9,81 m s-2 ao nível do mar). 

1.1 Pressão e Densidade 

1.1.1 Balanço Hidrostático 

Equilíbrio hidrostático:  é um conceito da mecânica dos fluidos significando um 
balanço entre o campo gravitacional e o gradiente de pressão.



U
N

ID
AD

E 
1

A altitude geométrica z associada com uma
pressão particular não é constante, mas varia de
alguma forma de tempo em tempo e de local para
local.

1.1.2 Pressão como uma Coordenada Vertical 

Na meteorologia é comum usar a
pressão p ao invés da altitude z
como coordenada vertical – isto é,
como uma medida de onde você
está verticalmente na atmosfera.
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1.1.2 Pressão como uma Coordenada Vertical 
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1.1.3 Densidade Atmosférica

Próximo ao nível do mar, um valor típico da densidade do ar é cerca de 1,2 kg.m3, isso
é cerca de 1/800 avos da densidade da água, que é de cerca de um quilograma por
litro, ou 1000 kg m-3.

Sob uma pressão maior, próximo da superfície, o ar será comprimido para uma maior
densidade do que no caso em baixas pressões (maiores altitudes), onde deve
apresentar uma densidade mais baixa.
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1.2 Composição

Podemos agrupar os constituintes da atmosfera terrestre nas quatro seguintes categorias:

1. Os assim chamados gases permanentes : principalmente o nitrogênio (N2), oxigênio
(O2) e o argônio (Ar), mais os gases traços e outros inertes (nobres). Coletivamente
esses gases constituem o que nós comumente referimos como constituintes do ar
seco.

2. O vapor de águas (H2O) em três fases (sólido, líquido e vapor).

3. Constituintes gasosos variáveis, além da água: p.ex, dióxido de carbono (CO2),
ozônio(O3), oxido nitroso (N2O) e metano (CH4).

4. Aerossóis - i.e. partículas sólidas e líquidas além da água.
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Fig. 1.3 Proporções típicas dos gases selecionados no ar
seco em função da altitude. Note a súbita transição de
proporções constantes abaixo de 100 km para uma
composição variável acima desse nível ( fonte: NRLMSIS-00
modelo de Mike Picone, Alan Hedin e Doug Drob)

Lembrando...
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1.2.1 Gases Permanentes 

Abaixo de cerca de 100 km de altitude, os gases permanentes são encontrados

misturados com uma proporção aproximadamente fixas. Isso é por que:

(1)os processos que adicionam ou removem esses gases da atmosfera (fontes e

sumidouros respectivamente) são ambos muito lentos e aproximadamente em

balanço em longos períodos de tempo;

(2)a ação da agitação do vento e a turbulência são suficientemente eficientes em

manter a baixa atmosfera bem misturada, de forma que não aparece (cria)

diferenças significativas na concentração - em diferentes locais ou altitudes.
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Constituintes chaves do ar na atmosfera 
abaixo de 100 km 

Acima de 100 km:

• o ar para de se comportar como um fluido bem

misturado

• moléculas individuais apresentam longas

trajetórias sem colidirem muito frequentemente

com as outras moléculas.

• A gravidade tende a prever que as moléculas mais

pesadas atinjam altitudes mais elevadas, e há

uma predominância de moléculas mais leves

como o H e o He.

• A intensa radiação solar quebra (foto dissociação),

as moléculas diatômicas, como o N2 e o O2 - de

forma que as espécies monoatômicas aumentam

com a altitude.
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1.2.2 Componentes Variáveis 

Vapor de Água 

• é uma substancia que está constantemente sendo 
adicionado e removido da atmosfera. 

• a distribuição da água na atmosfera é altamente 
variável, tanto no espaço como no tempo. 

• pode apresentar em uma fração variando - de quase 
zero no ar frio e seco, até cerca de 3% por massa ou 
5% por volume, no ar quente e muito úmido. 

• muito mais importante sob o ponto de vista da 
meteorologia devido ao papel central na termodinâmica 
e no balanço de energia da atmosfera, bem como na 
formação de nuvens, chuvas e neves. 
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Dióxido de Carbono 

• O dióxido de carbono contribui com menos de 0,04% , por
volume, na constituição da atmosfera

• As plantas pegam o CO2 do ar, e pela fotossintetiza os
componentes orgânicos do carbono, e libera o oxigênio de volta
para o ar.

• A oxidação da matéria orgânica, seja pela respiração animal,
combustão, ou decaimento, retorna o CO2 para a atmosfera.

• Grandes quantidades de dióxido de carbono
presente inicialmente na atmosfera da Terra
foram extraídas pelos organismos que
fabricavam as conchas de carbonato de
cálcio. Muitos desses carbonatos estão
atualmente mantidos “presos” em depósitos
de calcários na crosta terrestre.

• Desempenha um papel importante no balanço
de energia atmosférica, pela habilidade de
absorver e emitir intensamente a radiação
infra-vermelha, e ser transparente para a
maior parte da radiação solar (de ondas
curtas).
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Ozônio 

• é um constituinte traço altamente variável que é tanto prejudicial como
benéfico, dependendo onde é encontrado na atmosfera.

• próximo da superfície, como um dos muitos componentes da poluição
fotoquímica - então é um poluente

• constituinte natural da atmosfera acima de cerca de 20 km de altitude – na
camada de ozônio, onde ele atua como um escudo da superfície da terra
contra a prejudicial radiação ultravioleta de ondas curtas.

• O ozônio tem a propriedade de efetivamente absorver a radiação ultravioleta com comprimento de
onda entre 0,24 µm e cerca de 0,31 µm. A maior parte da radiação proveniente do sol, com
comprimentos de onda menores que cerca de 0,32 µm nunca atingem a superfície da terra.

Nas altitudes bem elevadas, os fótons altamente energéticos do sol podem quebrar diretamente a ligação 
da molécula do O2 de acordo com a reação química: 

O2 + fóton (l<0,2423 µm)          O + O      
O átomo do oxigênio livre resultante da reação acima pode então combinar com um O2 para formar o 
ozônio de acordo com a reação química: 

O + O2 + M           O3 + M
onde M é uma terceira molécula ou um átomo (necessário para carregar para longe a energia liberada na 
reação). 
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Interação dos gases constituintes da Atmosfera com as radiações solar e terrestre:

Notice that the sun emits a maximum amount of
radiation at wavelengths near 0.5 µm. Since our eyes are
sensitive to radiation between 0.4 and 0.7 µm, these
waves reach the eye and stimulate the sensation of color.
This portion of the spectrum is therefore referred to as

the visible region, and the light that reaches our eye is
called visible light. The color violet is the shortest wave-
length of visible light. Wavelengths shorter than violet
(0.4 µm) are ultraviolet (UV). The longest wavelengths
of visible light correspond to the color red. Wavelengths
longer than red (0.7 µm) are called infrared (IR).

Whereas the hot sun emits only a part of its energy
in the infrared portion of the spectrum, the relatively
cool earth emits almost all of its energy at infrared wave-
lengths. In fact, the earth, with an average surface tem-
perature near 288 K (15°C, or 59°F), radiates nearly all
its energy between 5 and 25 µm, with a peak intensity in
the infrared region near 10 µm (see Fig. 2.8). Since the
sun radiates the majority of its energy at much shorter
wavelengths than does the earth, solar radiation is often
called shortwave radiation, whereas the earth’s radiation
is referred to as longwave (or terrestrial) radiation.

Balancing Act—Absorption, 
Emission, and Equilibrium
If the earth and all things on it are continually radiating
energy, why doesn’t everything get progressively colder?
The answer is that all objects not only radiate energy,
they absorb it as well. If an object radiates more energy
than it absorbs, it becomes colder; if it absorbs more en-
ergy than it emits, it becomes warmer. On a sunny day,
the earth’s surface warms by absorbing more energy
from the sun and the atmosphere than it radiates,
whereas at night the earth cools by radiating more en-
ergy than it absorbs from its surroundings. When an
object emits and absorbs energy at equal rates, its tem-
perature remains constant.

The rate at which something radiates and absorbs
energy depends strongly on its surface characteristics,
such as color, texture, and moisture, as well as tempera-

34 Chapter 2 Warming the Earth and the Atmosphere

The large ears of a jackrabbit are efficient emitters of 
infrared energy. Its ears help the rabbit survive the heat
of a summer’s day by radiating a great deal of infrared
energy to the cooler sky above. Similarly, the large ears
of the African elephant greatly increase its radiating sur-
face area and promote cooling of its large mass.
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FIGURE 2.7
The sun’s electromagnetic
spectrum and some of the
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region. The numbers
underneath the curve
approximate the percent
of energy the sun radiates
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FIGURE 2.8
The hotter sun not only radiates more energy than that of the
cooler earth (the area under the curve), but it also radiates the
majority of its energy at much shorter wavelengths. (The scales
for the two curves differ by a factor of 100,000.)

effect. However, studies have shown that the warm air
inside a greenhouse is probably caused more by the air’s
inability to circulate and mix with the cooler outside air,
rather than by the entrapment of infrared energy. Be-
cause of these findings, some scientists insist that the
greenhouse effect should be called the atmosphere effect.
To accommodate everyone, we will usually use the term
atmospheric greenhouse effect when describing the role
that water vapor and CO2 play in keeping the earth’s
mean surface temperature higher than it otherwise
would be.

Look again at Fig. 2.9 and observe that, in the 
bottom diagram, there is a region between about 8 and
11 µm where neither water vapor nor CO2 readily ab-
sorb infrared radiation. Because these wavelengths of
emitted energy pass upward through the atmosphere
and out into space, the wavelength range (between 
8 and 11 µm) is known as the atmospheric window. At
night, clouds can enhance the atmospheric greenhouse
effect. Tiny liquid cloud droplets are selective absorbers
in that they are good absorbers of infrared radiation
but poor absorbers of visible solar radiation. Clouds
even absorb the wavelengths between 8 and 11 µm,
which are otherwise “passed up” by water vapor and
CO2. Thus, they have the effect of enhancing the atmo-
spheric greenhouse effect by closing the atmospheric
window.

Clouds are also excellent emitters of infrared radi-
ation. Their tops radiate infrared energy upward and
their bases radiate energy back to the earth’s surface
where it is absorbed and, in a sense, reradiated back to
the clouds. This process keeps calm, cloudy nights
warmer than calm, clear ones. If the clouds remain into
the next day, they prevent much of the sunlight from
reaching the ground by reflecting it back to space. Since
the ground does not heat up as much as it would in full
sunshine, cloudy, calm days are normally cooler than
clear, calm days. Hence, the presence of clouds tends to
keep nighttime temperatures higher and daytime tem-
peratures lower.

In summary, the atmospheric greenhouse effect oc-
curs because water vapor, CO2, and other trace gases are
selective absorbers. They allow most of the sun’s radia-
tion to reach the surface, but they absorb a good portion
of the earth’s outgoing infrared radiation, preventing it
from escaping into space (see Fig. 2.10). It is the atmo-
spheric greenhouse effect, then, that keeps the tempera-
ture of our planet at a level where life can survive. The
greenhouse effect is not just a “good thing”; it is essential
to life on earth.

36 Chapter 2 Warming the Earth and the Atmosphere
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Absorption of radiation by gases in the atmosphere. The
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The strongest absorbers of infrared radiation are water vapor
and carbon dioxide.

effect. However, studies have shown that the warm air
inside a greenhouse is probably caused more by the air’s
inability to circulate and mix with the cooler outside air,
rather than by the entrapment of infrared energy. Be-
cause of these findings, some scientists insist that the
greenhouse effect should be called the atmosphere effect.
To accommodate everyone, we will usually use the term
atmospheric greenhouse effect when describing the role
that water vapor and CO2 play in keeping the earth’s
mean surface temperature higher than it otherwise
would be.

Look again at Fig. 2.9 and observe that, in the 
bottom diagram, there is a region between about 8 and
11 µm where neither water vapor nor CO2 readily ab-
sorb infrared radiation. Because these wavelengths of
emitted energy pass upward through the atmosphere
and out into space, the wavelength range (between 
8 and 11 µm) is known as the atmospheric window. At
night, clouds can enhance the atmospheric greenhouse
effect. Tiny liquid cloud droplets are selective absorbers
in that they are good absorbers of infrared radiation
but poor absorbers of visible solar radiation. Clouds
even absorb the wavelengths between 8 and 11 µm,
which are otherwise “passed up” by water vapor and
CO2. Thus, they have the effect of enhancing the atmo-
spheric greenhouse effect by closing the atmospheric
window.

Clouds are also excellent emitters of infrared radi-
ation. Their tops radiate infrared energy upward and
their bases radiate energy back to the earth’s surface
where it is absorbed and, in a sense, reradiated back to
the clouds. This process keeps calm, cloudy nights
warmer than calm, clear ones. If the clouds remain into
the next day, they prevent much of the sunlight from
reaching the ground by reflecting it back to space. Since
the ground does not heat up as much as it would in full
sunshine, cloudy, calm days are normally cooler than
clear, calm days. Hence, the presence of clouds tends to
keep nighttime temperatures higher and daytime tem-
peratures lower.

In summary, the atmospheric greenhouse effect oc-
curs because water vapor, CO2, and other trace gases are
selective absorbers. They allow most of the sun’s radia-
tion to reach the surface, but they absorb a good portion
of the earth’s outgoing infrared radiation, preventing it
from escaping into space (see Fig. 2.10). It is the atmo-
spheric greenhouse effect, then, that keeps the tempera-
ture of our planet at a level where life can survive. The
greenhouse effect is not just a “good thing”; it is essential
to life on earth.

36 Chapter 2 Warming the Earth and the Atmosphere

N2O

100

50

0
0.1 0.3 0.5 0.7 1 5 10 15 20

NITROUS OXIDE

METHANE

CH4

100

50

0

MOLECULAR
OXYGEN

AND OZONEO2
O3

O3

100

50

0

WATER VAPOR

H2O

100

50

0

CO2

CARBON DIOXIDE
100

50

0

100

50

0
0.1 0.3 0.5 0.7 1 5 10 15 20

UV Infrared (IR)

Visible

TOTAL
ATMOSPHERE

Wavelength (µm)

Atm
Window

A
bs

or
pt

io
n 

(%
)

FIGURE 2.9
Absorption of radiation by gases in the atmosphere. The
shaded area represents the percent of radiation absorbed. 
The strongest absorbers of infrared radiation are water vapor
and carbon dioxide.

effect. However, studies have shown that the warm air
inside a greenhouse is probably caused more by the air’s
inability to circulate and mix with the cooler outside air,
rather than by the entrapment of infrared energy. Be-
cause of these findings, some scientists insist that the
greenhouse effect should be called the atmosphere effect.
To accommodate everyone, we will usually use the term
atmospheric greenhouse effect when describing the role
that water vapor and CO2 play in keeping the earth’s
mean surface temperature higher than it otherwise
would be.

Look again at Fig. 2.9 and observe that, in the 
bottom diagram, there is a region between about 8 and
11 µm where neither water vapor nor CO2 readily ab-
sorb infrared radiation. Because these wavelengths of
emitted energy pass upward through the atmosphere
and out into space, the wavelength range (between 
8 and 11 µm) is known as the atmospheric window. At
night, clouds can enhance the atmospheric greenhouse
effect. Tiny liquid cloud droplets are selective absorbers
in that they are good absorbers of infrared radiation
but poor absorbers of visible solar radiation. Clouds
even absorb the wavelengths between 8 and 11 µm,
which are otherwise “passed up” by water vapor and
CO2. Thus, they have the effect of enhancing the atmo-
spheric greenhouse effect by closing the atmospheric
window.

Clouds are also excellent emitters of infrared radi-
ation. Their tops radiate infrared energy upward and
their bases radiate energy back to the earth’s surface
where it is absorbed and, in a sense, reradiated back to
the clouds. This process keeps calm, cloudy nights
warmer than calm, clear ones. If the clouds remain into
the next day, they prevent much of the sunlight from
reaching the ground by reflecting it back to space. Since
the ground does not heat up as much as it would in full
sunshine, cloudy, calm days are normally cooler than
clear, calm days. Hence, the presence of clouds tends to
keep nighttime temperatures higher and daytime tem-
peratures lower.

In summary, the atmospheric greenhouse effect oc-
curs because water vapor, CO2, and other trace gases are
selective absorbers. They allow most of the sun’s radia-
tion to reach the surface, but they absorb a good portion
of the earth’s outgoing infrared radiation, preventing it
from escaping into space (see Fig. 2.10). It is the atmo-
spheric greenhouse effect, then, that keeps the tempera-
ture of our planet at a level where life can survive. The
greenhouse effect is not just a “good thing”; it is essential
to life on earth.

36 Chapter 2 Warming the Earth and the Atmosphere

N2O

100

50

0
0.1 0.3 0.5 0.7 1 5 10 15 20

NITROUS OXIDE

METHANE

CH4

100

50

0

MOLECULAR
OXYGEN

AND OZONEO2
O3

O3

100

50

0

WATER VAPOR

H2O

100

50

0

CO2

CARBON DIOXIDE
100

50

0

100

50

0
0.1 0.3 0.5 0.7 1 5 10 15 20

UV Infrared (IR)

Visible

TOTAL
ATMOSPHERE

Wavelength (µm)

Atm
Window

A
bs

or
pt

io
n 

(%
)

FIGURE 2.9
Absorption of radiation by gases in the atmosphere. The
shaded area represents the percent of radiation absorbed. 
The strongest absorbers of infrared radiation are water vapor
and carbon dioxide.

effect. However, studies have shown that the warm air
inside a greenhouse is probably caused more by the air’s
inability to circulate and mix with the cooler outside air,
rather than by the entrapment of infrared energy. Be-
cause of these findings, some scientists insist that the
greenhouse effect should be called the atmosphere effect.
To accommodate everyone, we will usually use the term
atmospheric greenhouse effect when describing the role
that water vapor and CO2 play in keeping the earth’s
mean surface temperature higher than it otherwise
would be.

Look again at Fig. 2.9 and observe that, in the 
bottom diagram, there is a region between about 8 and
11 µm where neither water vapor nor CO2 readily ab-
sorb infrared radiation. Because these wavelengths of
emitted energy pass upward through the atmosphere
and out into space, the wavelength range (between 
8 and 11 µm) is known as the atmospheric window. At
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but poor absorbers of visible solar radiation. Clouds
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which are otherwise “passed up” by water vapor and
CO2. Thus, they have the effect of enhancing the atmo-
spheric greenhouse effect by closing the atmospheric
window.
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where it is absorbed and, in a sense, reradiated back to
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the ground does not heat up as much as it would in full
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of the earth’s outgoing infrared radiation, preventing it
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spheric greenhouse effect, then, that keeps the tempera-
ture of our planet at a level where life can survive. The
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1.3 TEMPERATURA

O que é temperatura?

• quantidade que determina a direção na qual a energia térmica (“calor”) escoará quando 
dois objetos forem colocados em contato um ao outro.

• No nível microscópico, a temperatura de uma particular substancia é proporcional à 
energia cinética média de suas moléculas. 

1.3.1 A Zeroésima Lei da Termodinâmica 

Ela trata do equilíbrio térmico e vincula equilíbrio a temperatura, por isso, é também 

conhecida como lei do termômetro. 

Teoria: se dois sistemas estiverem em equilíbrio separadamente com um terceiro sistema, 

eles estarão em equilíbrio entre si. Ela sugere que quando dois sistemas estão em equilíbrio 

termodinâmico deve existir um parâmetro que tem o mesmo valor nos dois sistemas. Este 

parâmetro é a temperatura. 
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1.3.2 Temperatura e energia cinética molecular

• A temperatura é em última análise uma medida da energia cinética associada com os movimentos caóticos
das moléculas.

• Uma substancia cujas moléculas estão girando violentamente tem maior temperatura, que àquela da mesma
substancia, quando as moléculas estão mais ou menos em repouso.

• Se um corpo com movimento energético molecular maior, for posto em contato com outro, na qual as
moléculas têm pouca energia molecular, as colisões transferirão energia do objeto com maior temperatura
para o objeto de menor temperatura - até que seja estabelecido o equilíbrio, que no caso – os corpos acabam
tendo com a mesma temperatura.

• Essa é a natureza da condução térmica.

Então, o que definimos como CALOR? 

É a troca de energia entre dois corpos por condução.

Note que um objeto não pode ter calor - o calor só existe na forma de troca entre dois objetos ou quando 
da conversão de energia dentro de um objeto. 

o calor se refere àquilo que pode ser imaginado como uma energia não direcionada ou caótica ao nível 
molecular. 
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Escalas de Temperatura

Graus Celsius (°C) – Internacionalmente aceita
e a mais comum no Brasil

Graus Fahrenheit (°F) – Mais usada em países
de língua inglesa

Kelvin (K) – Escala absoluta, usada para fins
científicos

Ponto zero da escala Kelvin = zero absoluto

Conversão de escalas

Ponto de 
Ebulição da 
água 

Ponto Fusão 
da água 

Zero absoluto 
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1.3.4 Perfis da Temperatura Atmosférica 

Figura: Exemplo de um perfil típico de da 
temperatura atmosférica de estação das 
latitudes médias durante o outono 
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Taxa de Variação Vertical da Temperatura (TVVT) do Meio Ambiente 
[ Razão de Lapso do Meio Ambiente] 

A TVVT do meio ambiente, G em qualquer altitude é definida como a taxa local de decréscimo 

da temperatura com a altitude. 

Γ = −
𝜕𝑇
𝜕𝑧

Γ = −
𝑇! − 𝑇"
𝑧! − 𝑧"

• Muito embora a TVVT na troposfera varie de local para local e de dia para dia, muitas vezes

nós supomos um valor típico para de cerca de 6,5 °C/km. Essa TVVT padrão é apresentada

na plotagem como uma linha reta tracejada.

• Essa é apenas uma média: há algumas camadas dentro da qual a temperatura diminui mais

lentamente com a altura ou mesmo aumenta, e em outras onde ela decresce mais

rapidamente.
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Inversões 

Inversão da Radiação é formada como resultado do esfriamento radiativo da superfície durante a

noite e consequentemente da camada de ar diretamente em contato com o solo

Inversões de Subsidência podem formar quando o ar baixar das altitudes maiores, aquecendo por

compressão a medida que isso ocorre. Será discutido na seção 5.8.1.

Inversão frontal pode aparecer em uma sondagem feita do lado frio de uma frente de (quente ou

fria) de superfície

Inversão da camada limite frequentemente delimita o topo da camada de mistura da superfície,

que pode estar em qualquer local desde algumas dezenas de metros a vários quilômetros de

profundidade.

Inversão Marinha é o tipo de inversão de camada limite especialmente forte que se desenvolve

quando o quente, ar continental subsidente derrapa no frio, ar úmido - formado pelo contato com a

superfície do oceano relativamente fria.
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1.3.5 Estrutura Termal Média da Atmosfera 

Estrutura idealizada da temperatura da atmosfera 
abaixo de 100 km
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Estrutura vertical da atmosfera: visões diferentes!

which means that 99.9 percent of all the molecules are
below this level. Yet the atmosphere extends upwards
for many hundreds of kilometers, gradually becoming
thinner and thinner until it ultimately merges with
outer space.

LAYERS OF THE ATMOSPHERE We have seen that both
air pressure and density decrease with height above the
earth—rapidly at first, then more slowly. Air tempera-
ture, however, has a more complicated vertical profile.*

Look closely at Fig. 1.7 and notice that air temper-
ature normally decreases from the earth’s surface up to
an altitude of about 11 km, which is nearly 36,000 ft, or
7 mi. This decrease in air temperature with increasing

height is due primarily to the fact (investigated further in
Chapter 2) that sunlight warms the earth’s surface, and
the surface, in turn, warms the air above it. The rate at
which the air temperature decreases with height is called
the temperature lapse rate. The average (or standard)

Vertical Structure of the Atmosphere 9

Air temperature normally decreases with increasing
height above the surface; thus, if you are flying in a jet
aircraft at about 9 km (30,000 ft), the air temperature
just outside your window would typically be about
–50°C (–58°F)—more than 60°C (108°F) colder than
the air at the earth’s surface, directly below you.
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FIGURE 1.7
Layers of the atmosphere as related to 
the average profile of air temperature above
the earth’s surface. The heavy line illustrates
how the average temperature varies in 
each layer.

*Air temperature is the degree of hotness or coldness of the air and, as we will
see in Chapter 2, it is also a measure of the average speed of the air molecules.
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see in Chapter 2, it is also a measure of the average speed of the air molecules.

the right direction actually escape the earth’s gravita-
tional pull. The region where atoms and molecules shoot
off into space is sometimes referred to as the exosphere,
which represents the upper limit of our atmosphere.

Up to this point, we have examined the atmo-
spheric layers based on the vertical profile of tempera-
ture. The atmosphere, however, may also be divided into
layers based on its composition. For example, the com-
position of the atmosphere begins to slowly change in the
lower part of the thermosphere. Below the thermosphere,
the composition of air remains fairly uniform (78% ni-
trogen, 21% oxygen) by turbulent mixing. This lower,
well-mixed region is known as the homosphere (see Fig.
1.8). In the thermosphere, collisions between atoms and
molecules are infrequent, and the air is unable to keep it-
self stirred. As a result, diffusion takes over as heavier
atoms and molecules (such as oxygen and nitrogen) tend
to settle to the bottom of the layer, while lighter gases
(such as hydrogen and helium) float to the top. The re-
gion from about the base of the thermosphere to the top
of the atmosphere is often called the heterosphere.

Vertical Structure of the Atmosphere 11

The vertical distribution of tempera-
ture, pressure, and humidity up to an
altitude of about 30 km can be ob-
tained with an instrument called a 
radiosonde.* The radiosonde is a
small, lightweight box equipped with
weather instruments and a radio
transmitter. It is attached to a cord
that has a parachute and a gas-filled
balloon tied tightly at the end (see
Fig. 1). As the balloon rises, the
attached radiosonde measures air
temperature with a small electrical
thermometer—a thermistor—located
just outside the box. The radiosonde
measures humidity electrically by
sending an electric current across a
carbon-coated plate. Air pressure is
obtained by a small barometer
located inside the box. All of this
information is transmitted to the
surface by radio. Here, a computer
rapidly reconverts the various fre-
quencies into values of temperature,

pressure, and moisture. Special
tracking equipment at the surface
may also be used to provide a
vertical profile of winds. (When
winds are added, the observation is
called a rawinsonde.) When plotted
on a graph, the vertical distribution
of temperature, humidity, and wind
is called a sounding. Eventually, the
balloon bursts and the radiosonde
returns to earth, its descent being
slowed by its parachute.

At most sites, radiosondes are re-
leased twice a day, usually at the time
that corresponds to midnight and
noon in Greenwich, England. Releas-
ing radiosondes is an expensive oper-
ation because many of the instruments
are never retrieved, and many of
those that are retrieved are often in
poor working condition. To comple-
ment the radiosonde, modern geosta-
tionary satellites (using instruments
that measure radiant energy) are pro-
viding scientists with vertical tempera-
ture profiles in inaccessible regions.

FIGURE 1
The radiosonde with parachute and balloon.

THE RADIOSONDE
Focus on an Observation

*A radiosonde that is dropped by parachute
from an aircraft is called a dropsonde.
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Layers of the atmosphere based on temperature (red line), compo-
sition (green line), and electrical properties (blue line).
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1.3.6 Variação Latitudinal e Sazonal 

Exemplo de perfis de temperatura de estação das
latitudes médias – linha sólida no verão e
tracejada no inverno.
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Sondagem típica tropical (sólida) e no 
inverno ártico (tracejado) 
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1.4.1 Medidas da temperatura 

Termômetro líquido em vidro

Termistores e termopares 

Abrigo meteorológico
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1.4.2 Vento (wind chill) 

Válido para temperaturas abaixo de 9 °C

O Índice de resfriamento, ou ainda (índice de) resfriamento pelo vento (do inglês Wind chill) é a 

temperatura aparente sentida pela pele exposta, devido a uma combinação entre a temperatura do 

ar e a velocidade do vento.
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1.4.3 Observação de Ar Superior 

As aeronaves são equipados com uma variedade de 
instrumentos sofisticados incluindo dropsondas, para 

observação termodinâmica e microfisica do meio 
ambiente dentro e próximos dos furacões e outros 

sistemas de tempestades. 
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Balão pronto para ser lançado. Ele é inflado para ter uma 
conhecida taxa de ascensão Eles são liberados sem uma carga e 
são rastreados visualmente até que eles desaparecem na base da 
camada de nuvem. O lapso de tempo desde o lançamento (até 
desaparece) permite estimar e determinar a altura da base da 

nuvem com razoável precisão 

Radiossonda

Sensor de Temperatura 
Sensor de Umidade 
Sensor de Pressão 
Unidade de Navegação 
Transmissor 
Bateria 
Balão 
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1.4.4 Diagrama Skew-T 

Emagrama: representação gráfica temperatura vs Pressão

Exemplo de emagrama

Lembre que a temperatura da atmosfera geralmente 

diminui de forma mais ou menos permanente com a 

altitude (troposfera). 
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Comparação de emagrama (topo) e skew-T (baixo) 

representações de um mesmo perfil de temperatura atmosférica. 


