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| 1. THE STRUCTURE AND COMPOSITION
OF THE ATMOSPHERE

Text

Like a fish in the ocean, man is™confined to a very shallow layer of atrnospbere.
The gaseous envelope of thle Earth is physically inhomogeneous in both the vertical
and horizontal directions, although the horizontal inhomogeneity is much less marked
than the vertical inhomogeneity.

Various criteria have been devised for dividing the atmosphere into layers. This
division can be based on the nature of the vertical temperature profile, on the gaseous
composition of the air at different altitudes, and the effect of the atmosphere on air-
craft at different altitudes, etc. The division based on the variation of the air tempera-
ture with altitude is used most commonly in the meteorological literature.

According to a publication of the aerological commission of the World Meteoro-
logical Organization (WMO) in 1961, the Earth’s atmosphere is divided into five main
layers: the troposphere, the stratosphere, the mesosphere, the thermosphere and the
exosphere. These layers are bounded by four thin transition regions; the tropopause,
the stratopause, the mesopause and the thermopause. :

The troposphere is the lower layer of the atmosphere between the Earth’s surface
and the tropopause. The temperature drops with increasing height in the troposphere,
at.a mean rate of 6. 5°C per kilometer (lapse rate). The upper boundary of the tropo-
sphere lies at a height, of approximately 8 to 12 km in the polar and middle latitudes
and 16 to 18 km in the tropics. In the polar and middle latitudes the troposphere con-
tains about 75% of the total mass of atmospheric air, while in the tropics it contains
about 90%. The tropopause is an intermediate layer in which either a temperature in-
version or an isothermal temperature distribution is observed.

"The stratosphere is the atmospheric layer above the troposphere. In the strato-
sphere the temperature either increases with height or remains nearly constant. In the
lower part of the stratosphere (up to approximately 20 km above the Earth’s sur-
face) , the temperature is practically constant (about: —56°C). While further up the
temperature increases with altitude at a rate of about 1°C/km at heights of 20 to 30
km and about 2. 8°C/km at altitudes from 32 to 47 km. Under the standard conditions
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the temperature at the 47 km level is normally —2. 5°C. This increase in temperature
with height is due to the absorption of UV solar radiation by ozone molecules. It
should be noted that about 99% of the total mass of atmospheric air is concentrated in
the troposphere and stratosphere, which extend up to an altitude of 30 or 35 km. The
stratopause is an intermediate layer between the stratosphere and the mesosphere (in
the altitude region {from 47 to 52 km), in which the temperature remains constant at
about 0°C.

The mesosphere is an atmospheric layer in which the temperature continuously
decreases with height at a rate of about 2. 8°C/km up to about 71 km and at a rate of
2.0°C/km from 71 to 85 km. At heights of 85 to 95 km the temperature ranges from
—85 to —90°C. The mesopause is an intermediate layer between the mesosphere and
the thermosphere (the base of the temperature-inversion region in the thermosphere).
Normally the mesopause has an altitude of 85 to 95 km and it is characterized by a
constant temperature of about —86. 5°C.

The thermosphere is the atmospheric layer above the mesopause. The tempera-
ture in this layer increases with increasing altitude, reaching about 2000 °C at about
450 km, the mean height of the upper boundary of the thermosphere. The tempera-
ture increase in this layer is mainiy caused by the absorption of UV solar radiation by
oxygen molecules, which dissociate as a result of this process.

The exosphere is the furthest out and the least studied part of the dpper atmos-
phere. It is located above 450 km altitude. The air density in the exosphere is so low
that atoms and molecules can escape from it into interplanetary space.

Finally, along with the above division of the atmosphere, we will also make use of
a division based on the extent of atmospheric interaction with the Earth’s surface.
According to this principle, the atmosphere is usually divided into a so-called bounda-
ry layer (sometimes also called the friction layer) and the free atmosphere. The at-
mospheric boundary layer (up to 1 or 1.5 km) is influenced considerably by the
Earth’s surface and by eddy-viscosity forces. At the same time, we can neglect, as a
first approximation, the influence of eddy-viscosity forces in the free atmosphere.

Of all the above atmospheric layers, only the troposphere (especially its bounda-
ry layer) is characterized by a marked instability of the vertical distribution of the me-
teorological parameters. It is in this layer that both temperature inversions and su-
peradiabatic temperature variations with height are observed.

The Earth’s atmosphere is a mixture of gases and aerosols, the latter being the
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name given to a system comprised of small liquid and solid particles distributed in the
air. Air is not a specific gas: rather, it is a mixture of many gases. Some of them,
such as-nitrogen, oxygen, argon, neon, and so on, may be regarded as permanent at-
mospheric components that remain in fixed proportions to the total gas volumeé. Other
constituents such as water vapor, carbon dioxides and ozone vary in quantity from
place to place and from time to time.

The principal sources of nitrogen, the most abundant constituent of air, are deca-
ying from agricultural debris, animal matter and volcanic eruption. On the other side
of the ledger, nitrogen is removed from the atmosphere by biolqgical processes invol-
ving plants and sea life. To a lesser extent, lightning and high temperature combus-
tion processes convert nitrogen gas to nitrogen compounds that are washed out of the
atmosphere by rain or snow. The destruction of nitrogen is in the atmospheres in bal—‘
ance with production.

Oxygen, a gas crucial to life on Earth, has an average residence time in the at-
mosphere of about 3000 years. It is produced by vegetation that, in the photosynthet-
ic growth process,takes up carbon dioxide and releases oxygen. It is removed from
the atmosphere by humans and animals, whose respiratory systems are just the re-
verse of those of the plant communities. We inhale oxygen and exhale carbon dioxide.
Oxygen dissolves in the lakes, rivers and oceans, where it serves to maintain marine
organisms. It is also consumgd in the process of decay of organic matter and in chemi-
cal reactions with many other substances. For example, the rusting of steel involves

its oxidation. '

.

From the human point of view, the scarce, highly variable gases are of great im-
portance. The mass of water vapor, that is, H;O in a gaseous state, in the atmos-
phere is relatively small and is added to and removed from the atmosphere relatively
fast. As a result, the average residence time of water vapor is only 11 days. Water
vapor is the source of rain and snow, without which we could not survive, From com-
mon experiences it is well known that the water vapor content of air varies a great
deal. In a desert region the concentration of water vapor can be so low as to represent
only a tiny fraction of the air volume. At the other extreme, in hot, moist air near sea
level, say over an equatorial ocean, water vapor may account for as much as perhaps 5
percent of the air volume.

There are large variations of atmospheric water vapor from place to place and

from time to-time, but the total quantity over the entire Earth is virtually constant.
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The same can not be said about carbon dioxide (CO;). The concentration of this
sparse but important gas has been increasing for the last hundred years or so. Carbon
dioxide is added to the atmosphere by the decay of plant material and humus in the
soil, and by the burning of fossil fuels: coal,oil and gas. The principal sinks of CO,
are the oceans and plant life that uses CO, in photosynthesis. In the middle 1980s, at-
mospheric chemists were still debating about the effects on atmospheric CO, of burn-
ing, harvesting and clearing of forests. The oceans take up large amounts of CO;, a-
bout half the amount released by fossil fuel combustion. It is expected that this frac-
tion will diminish with the passing decades, whereas the total mass of CO, released
will increase, at least through the,early part of the next century. During the 1980s,
atmospheric CO, was accumulating at a rate of about 1 part per million (ppm) of air
per year, but it is expected to increase more rapidly in decades to come. In 1983 it av-
eraged about 340 ppm of air.

Ozone (Q;), another important, highly variable gas, occurs mostly at upper alti-
tudes, but it is also found in urban localities having a great deal of industry and auto-
motive traffic and a generous supply of sunshine, In cities such as Los Angeles, ozone
concentration may be more than 0. 1 ppm in extreme cases. Most atmospheric ozone
concentrations often exceed 1. 0 ppm and may be as large as 10 ppm. They vary great-
ly with latitude, season, time of day and weather patterns. The high—altitude ozone
layer is maintained by photochemical reactions. The ozone layer is important because,
by absorbing UV radiation in the upper atmosphere,. it reduces the amount reaching
the surface of the Earth. Exposure to increased doses of ultraviolet rays would cause
more severe sunburns and increase the risk of skin cancers. Biologists indicate that a
substantial increase in UV radiation could also affect other components of the bio-
sphere.

Certain gases, if they exist in sufficiently high concentrations, can be toxic to
people, animal and plant life. For example, when ozone occurs in high concentra-
‘tions, it is toxic to biological organisms. This does not happen often, but in heavily
polluted localities such as Los Angeles, ozone near the ground sometimes is sufficient-
ly abundant to cause leaf damage to certain plant species. Very large quantitiésfof po-
tentially hazardous gases are introduced into the atmosphere as a result of human ac-
tivities. Air pollutants are emitted from furnaces, factories, refineries and engines,
particularly automobile engines. All these things and others like them burn fossil fu-

els:coal,0il, gasoline and kerosene. In the process they emit gases and smoke particles
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that may spend a great deal of time in the atmosphere reacting with other substances
and causing the formation of toxic compounds, .
The most widespread and potentially hazardous gaseous pollutants are carbon

monoxide, sulfur dioxide, nitrogen oxide and hydrocarbons. The last of these com-

pounds comes from vaporized gasoline and other petroleum products.
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