Earth’s Atmosphere
OBJECTIVES:

1. Describe the composition of the atmosphere.

2. Discuss the importance of the ozone layer and the consequences of its destruction.

3. Compare and contrast the various layers of the atmosphere.

4. Identify three methods of transferring energy throughout the atmosphere.
VOCABULARY:

Troposphere

Stratosphere

Mesosphere

Thermosphere


Exosphere

Ozone


Radiation

Conduction

Convection

Composition of the Atmosphere

The atmosphere surrounding Earth extends from Earth’s surface to outer space.  The atmosphere is a mixture of gases with some suspended solids and liquids.    

· Nitrogen = 78%

· Oxygen = 21 %

· Trace Elements and Compounds= 1%

· Argon 0.93%

· Carbon dioxide 0.03%

· Water Vapor 0.0 – 4.0%

· Neon

· Helium

· Methane

· Krypton

· Xenon

· Hydrogen

· Ozone

Other gases include smog and other pollution from the burning of fossil fuels.

Common solids found in the atmospheric mixture are dust, salt, and ice.  The most common liquid in the atmosphere is water found in droplets in clouds.  Water is the only substance that exists as a solid, liquid, and gas in Earth’s atmosphere.

Structure of the Atmosphere

Troposphere

· Layer closest to the ground

· Contains 75% of the atmospheric gases, as well as dust, ice, and liquid water

· Weather, clouds, and smog occur here

· 0 km to 10 km, 14oC to -56oC

Stratosphere

· Ozone layer found here

· The jet stream and weather balloons are also found in this layer

· 10 km to 50 km, -60oC to -4oC

Mesosphere

· 50 km to 100 km, -4oC to -90oC

· Meteors found here

Thermosphere

· Ionosphere located here (a layer of electrically charged particles that bounces AM radio transmissions to antennas in other parts of the world)

· Auroras, meteor trails, and satellites found in this layer

· 100 km to 500 km, -90oC to 1200oC

Exosphere

· Layer furthest from the ground

· Satellites orbit here

· Beyond this is outer space

· 500 km to 700 km
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The Ozone Layer

What is ozone?

Ozone is a form of oxygen. The oxygen we breathe is in the form of oxygen molecules (O2) - two atoms of oxygen bound together. Ozone, on the other hand, consists of three atoms of oxygen bound together (O3).

Where is ozone located?

Approximately 90 per cent of all ozone is produced naturally in the stratosphere. While ozone can be found through the entire atmosphere, the greatest concentration occurs at an altitude of about 25 km. This band of ozone-rich air is known as the "ozone layer". 

Ozone also occurs in very small amounts at ground level. It is produced at ground level through a reaction between sunlight and volatile organic compounds (VOCs) and nitrogen oxides (NOx), some of which are produced by human activities. Ground-level ozone is a component of urban smog - a serious air pollutant. 

Even though both types of ozone are exactly the same molecule, their presence in different parts of the atmosphere has very different consequences. Stratospheric ozone blocks harmful solar radiation - all life on Earth has adapted to this filtered solar radiation. Ground-level ozone, in contrast, is simply a pollutant. It will absorb some incoming solar radiation, but it cannot make up for stratospheric ozone loss.

How is stratospheric ozone formed?

Ozone is created in the stratosphere when highly energetic solar rays strike molecules of oxygen (O2) and cause the two oxygen atoms to split apart. If a freed atom bumps into another O2, it joins up, forming ozone (O3).

Ozone is also naturally broken down in the stratosphere by sunlight and by a chemical reaction with various compounds containing nitrogen, hydrogen and chlorine. These chemicals all occur naturally in the atmosphere in very small amounts.

In an unpolluted atmosphere there is a dynamic balance between the amount of ozone being produced and the amount of ozone being destroyed. As a result, the total concentration of ozone in the stratosphere remains relatively constant. 

Why is the ozone layer important?

Ozone's unique physical properties allow the ozone layer to act as our planet's sunscreen, providing an invisible filter to help protect all life forms from the sun's damaging ultraviolet (UV) rays. Most incoming UV radiation is absorbed by ozone and prevented from reaching the Earth's surface. Without the protective effect of ozone, life on Earth would not have evolved the way it has. 

Is the ozone layer evenly distributed around the Earth?

No. The amount of ozone above a location on the Earth varies naturally with latitude, season, and from day-to-day. Under normal circumstances, the ozone layer is thickest over the poles and thinnest around the equator. Weather conditions can also cause considerable daily variations. 

What is "ozone depletion"?

Ozone depletion occurs when the natural balance between the production and destruction of stratospheric ozone is tipped in favour of destruction. Observations of an Antarctic ozone "hole" and atmospheric records indicating seasonal declines in global ozone levels provide strong evidence that global ozone depletion is occurring. Although natural phenomena can cause temporary ozone loss, chlorine and bromine released from synthetic compounds are now accepted as the main cause of this depletion. 

What are ozone-depleting substances?

Ozone-depleting substances (ODS) contain various combinations of the chemical elements chlorine, fluorine, bromine, carbon, and hydrogen and are often described by the general term halocarbons. The compounds that contain only chlorine, fluorine, and carbon are called chlorofluorocarbons, usually abbreviated as CFCs. CFCs, carbon tetrachloride, and methyl chloroform are important human-produced ozone-depleting gases that have been used in many applications including refrigeration, air conditioning, foam blowing, cleaning of electronics components, and as solvents. Another important group of human-produced halocarbons is the halons, which contain carbon, bromine, fluorine, and (in some cases) chlorine and have been mainly used as fire extinguishants.

How long has ozone depletion been occurring?

Based on data collected since the 1950's, scientists have determined that ozone levels were relatively stable until the late 1970's. Severe depletion over the Antarctic has been occurring since 1979 and a general downturn in global ozone levels has been observed since the early 1980's.

How much of the ozone layer has been depleted around the world?

Global ozone levels declined an average of about 3 per cent between 1979 and 1991. This rate of decline is about three times faster than that recorded in the 1970's. In addition to Antarctica, ozone depletion now affects almost all of North America, Europe, Russia, Australia, New Zealand, and a sizable part of South America. 

Why are ozone-depleting substances so effective at destroying ozone?

Ozone-depleting substances are effective ozone-depleters for two reasons. The first is that they are not reactive (chemically speaking), which means they survive long enough in the atmosphere to drift up into the stratosphere. The second is that they help the natural reactions that destroy ozone. 

Unlike most chemicals released into the atmosphere at the Earth's surface, ozone-depleting substances are not "washed" back to Earth by rain or destroyed in reactions with other chemicals. They simply do not break down in the lower atmosphere and they can remain in the atmosphere from 20 to 120 years or more.

Once they reach the stratosphere, UV-C radiation breaks up these molecules into chlorine (from CFCs, methyl chloroform, carbon tetrachloride) or bromine (from halons, methyl bromide), which, in turn, break up ozone (O3). Both chlorine and bromine activate and speed up the ozone destruction reactions without being altered or destroyed themselves. Thus, a single chlorine atom can destroy up to 100,000 ozone molecules before it finally forms a stable compound and diffuses out of the stratosphere.

What is ultraviolet radiation?

Ultraviolet radiation is one form of radiant energy coming from the sun. The various forms of energy, or radiation, are classified according to wavelength, measured in nanometres (one nm is a millionth of a millimetre). The shorter the wavelength, the more energetic the radiation. In order of decreasing energy, the principal forms of radiation are gamma rays, X rays, UV (ultraviolet radiation), visible light, infrared radiation, microwaves, and radio waves. There are three categories of UV radiation:

1. UV-A, between 320 and 400 nm 

2. UV-B, between 280 and 320 nm 

3. UV-C, between 200 and 280 nm 

How harmful is UV?

Generally, the shorter the wavelength, the more biologically damaging UV radiation can be if it reaches the Earth in sufficient quantity. UV-A, although it is the least energetic form of UV radiation, reaches the Earth in greatest quantity. Most UV-A rays pass right through the ozone layer.

UV-B radiation is potentially very harmful. Fortunately, most of the sun's UV-B radiation is absorbed by ozone in the stratosphere.

UV-C radiation is potentially the most damaging because it is very energetic. Fortunately, all UV-C is absorbed by oxygen and ozone in the stratosphere and never reaches the Earth's surface.

How does UV-B exposure affect people?

Exposure to UV-B radiation causes skin cancer, hastens skin aging, and can cause eye damage. The human immune system can also be weakened by exposure to UV-B.

It is important to note, however, that UV-B radiation has always had these effects on humans. In recent years these effects have become more prevalent because people are spending more time in the sun and are exposing more of their skin in the process. An increase in the levels of UV-B reaching the Earth as a result of ozone depletion may compound the effects that sun worshipping habits have already created.

Although fair-skinned, fair-haired individuals are at highest risk for skin cancer, the risk for all skin types increases with exposure to UV-B radiation. The effects of UV-B on the human immune system have been observed in people with all types of skin.

How does UV-B exposure affect plants and animals?

Excessive UV-B inhibits the growth processes of almost all green plants. There is concern that ozone depletion may lead to a loss of plant species and reduce global food supply. Any change in the balance of plant species can have serious effects, since all life is interconnected. Plants form the basis of the food web, prevent soil erosion and water loss, and are the primary producers of oxygen and a primary sink (storage site) for carbon dioxide.

UV-B causes cancer in domestic animals similar to those observed in humans. Although most animals have greater protection from UV-B because of their heavy coats and skin pigmentation, they cannot be artificially protected from UV-B on a large scale. Eyes and exposed parts of the body are most at risk.
Energy From the Sun

The sun is the source of all energy in our atmosphere.  When Earth receives energy from the sun, three different things happen to that energy.  Some energy is reflected back into space, some is absorbed by the atmosphere, and some is absorbed by land and water surfaces.  

Radiation is the transfer of energy by electromagnetic waves.  These waves come from the sun and travel through space and our atmosphere.  When the sun shines on your face, you can feel the radiant energy.  The ozone layer absorbs some ultraviolet radiation, which then raises the temperature of the atmosphere.  There is a delicate balance between energy received from the sun and the energy escaping back into space.  It is because of this balance that we are able to survive on planet Earth.

The amount of sun reflected back into space is 30% of all energy coming towards Earth.  5% is reflected from the surface of the Earth, 25% is reflected by the clouds and the atmosphere.  70% of the energy from the sun is absorbed.  Clouds and the atmosphere absorb 20% while the surface of the Earth absorbed 50%.  

Conduction is the transfer of heat through contact, or when molecules bump into one another.  Molecules are always in motion, but molecules in hotter objects move more rapidly than those in cooler objects.  When substances are in contact, energy is transferred from energized, fast-moving molecules to lower-energy molecules until all molecules are moving at about the same rate.  

Convection is the transfer of heat by the flow of a heated material.  Convention occurs in gases and liquids.  Hot air will rise, pushing cold air beneath it.  The hot air then cools and drops, while at the same time the cold air is being heated by the hot air and it rises.  This forms a circular convection current.   

The sun heats the land and water through radiation.  The air molecules close to the Earth’s surface are heated when they come into contact with the warm land and water.  The heated molecules then collide with the cooler molecules, causing more conduction to occur.  The warm air molecules then rise above the cooler molecules, which then move in a cycle through a convection current.  

