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UNIT II: EARTH AND SPACE SCIENCE: Weather Dynamics
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13.4 The Atmosphere
Principal Characteristics of Atmospheric Layers:

The atmosphere has a definite impact upon weather patterns and changes. At one time the atmosphere was once considered to be nothing more than a column of air that extends to an altitude about 500 km above the earth's surface. Today, it is known that the atmosphere is divided into various horizontal regions or layers, each having it own characteristics. The atmospheric layers tend to be thicker over the equator than they are above the poles. This is due in part to the temperature differences, and also the gravitational pull of the Sun and Moon.


Troposphere:

The lowest layer of the atmosphere (layer closest to the Earth's surface) is known as the troposphere, or weather layer. It is in this region that we find the vast majority of the atmospheric moisture and consequently the clouds. The troposphere is the atmospheric layer that is most responsible for most weather systems. Near the poles of the Earth, the troposphere extends from the Earth's surface to an altitude about 6 - 8 km. Near the equator the troposphere extends from the Earth's surface to an altitude about 16 - 18 km. Within this layer, both temperature and pressure are reduced as the altitude increases. About half of all the gas molecules that make up the atmosphere are found in the lowest 5 km of the troposphere. Can you suggest why this might be the case?
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Tropopause:

Above the troposphere is the tropopause. Because the tropopause contains slightly higher amounts of ozone which traps ultraviolet radiation, the temperature of the tropopause tends to remain relatively constant with an increase in altitude.

Stratosphere:

The stratosphere lies above the tropopause, but is much thicker. It contains the vast majority of ozone (the ozone layer) of any of the atmospheric layers. The stratosphere is therefore important to life since it serves to protect against damage due to excessive exposure to ultraviolet radiation. Like the tropopause below, it tends to increase in temperature with increase in altitude. The top edge of the stratosphere lies at an altitude about 50 km above the Earth's surface, and has a temperature about 10 oC.

Mesosphere:

Above the stratosphere lies the mesosphere or middle layer. The density and temperature of the gases in the mesosphere are extremely low compared tot he layers beneath. The top of the mesosphere lies at an altitude about 80 km above the Earth's surface, with a temperature as low as -70 oC.

Thermosphere:

The thermosphere absorbs x-rays and other radiation from the sun. As a result, the kinetic energy of the particles is much higher and as a result the temperature may reach 30 oC. Because of the bombardment by x-rays, the particles tend to be ionized. For this reason, the thermosphere is also known as the ionosphere. It is this layer of the atmosphere that causes radio transmission problems as astronauts return from space. It is in this layer that the northern lights (southern lights in the southern hemisphere) are visible on clear winter nights. The thermosphere is located between 80 to 500 km above the Earth's surface.

Exosphere:

The exosphere (atmosphere beyond 500 km above the Earth's surface) is the outermost layer of the atmosphere. The density is so low that it is much like the vacuum of space. The exosphere is composed mainly of hydrogen gas.

	Distribution of Common Gases (Oxygen, Nitrogen, Water Vapour, and Carbon Dioxide):

Oxygen, nitrogen, carbon dioxide and water vapour are the gases essential to life on Earth. In the lowest part of our atmosphere:

· Oxygen makes up about 21% of the total volume 

· Nitrogen makes up about 78% of the total volume. 

· This leaves only 1% of the total volume of the atmosphere for all other components like water vapour, carbon dioxide, ozone, the noble elements, carbon monoxide, CFC's, hydrocarbons (like methane, propane),   and some of the other pollutants found in our atmosphere. 

In the lower atmosphere, ozone is toxic to plants and animals, but in the upper atmosphere, ozone serves an important filter to prevent excess ultraviolet radiation from reaching the Earth's surface. 

In terms of weather, both global and local, the atmosphere (like the oceans) carries heat energy originally from the sun and helps to distribute this energy over the world on a global scale. The atmosphere and the gases in it are therefore essential, not only to life, but also to weather. As a result of the interaction between the hydrosphere, lithosphere and atmosphere, the average global surface air temperature is about 15 oC.

Relationship Between Altitude, Temperature and Atmospheric Pressure:
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Near the surface the average world-wide temperature is about 15 oC. At an altitude of 11 km the average temperature is -56.5 oC. The average change in temperature with altitude (temperature gradient known as the standard lapse rate) is about -6.5 oC/1000m. This means that for every 1000m climb in altitude, the temperature will drop about 6.5 oC. The standard lapse rate applies to the atmosphere to about 11 km, but is not valid for the layers above the troposphere.

The pressure of the atmosphere decreases from an average sea level pressure of 1013.25 hPa by about 100 hPa/1000m. However, the pressure decreases more rapidly near the surface than it does at higher altitudes.


Measuring Atmospheric Pressure:

Atmospheric pressure is due to the Earth's gravity. Since air is an example of matter, it has mass and takes up space as do all other forms of matter.  The Earth's gravity pulls the column of air above us toward the center of the Earth in the same way that our bodies and any object that is composed of matter would be pulled toward the centre of the Earth. Atmospheric pressure is therefore a measure of the force exerted on us by the weight of the air column above us. Atmospheric pressure is affected by wind currents such as the jet stream. Higher wind speed tend to reduce the atmospheric pressure. 

Atmospheric pressure changes both vertically (a change in altitude) and horizontally (a change in position from one region on Earth to another).  Atmospheric pressure is generally greatest at the bottom of the air column and tends decrease as one goes to higher altitudes. For example, the atmospheric pressure will be a great deal higher at the surface of the Red Sea or Death Valley (both points on Earth well below sea level) than it would be at the top of Mount Everest (tallest point on Earth; approximately 8 848 m above sea level). Atmospheric pressure may also be different in two cities located at the same elevation. You can often see this on weather maps showing one part of the country under low pressure conditions while another part of the country is experiencing high pressure conditions. Needless to say, these atmospheric conditions do affect the weather conditions in each area.

We don't notice the effect of the atmospheric pressure exerted on our body because the air pressure is normally balanced. However, if we experience a sudden change in elevation (altitude) such as when we travel in an airplane,[image: image3.jpg]56.5'C at 11km




 we may notice a pain against our ear drums, or even pain in our sinuses. This pain is due to the imbalance of the air pressure. The pain usually goes away as soon as the pressure balance is once again equalized. Sometimes our ear pressure is balanced suddenly as our ears "pop."

The most common way to measure atmospheric pressure is to use an instrument know as the aneroid barometer. The device normally contains a metal cylinder with folded sides much like the sides of an accordion. This allows the sealed metal container to expand under conditions of reduced atmospheric pressure and to collapse under increased atmospheric pressure. Attached to the surface of the metal cylinder is a pointing device that moves in direct response to the change in the volume of the metal cylinder. The pointing device is then calibrated to a measuring scale. Some measuring scales are labeled to measure the actual pressure of the atmosphere in kilopascals (kPa = the standard SI metric unit for measuring barometric pressure). Other barometers are labeled according to the likely change in weather condition that is normally associated with the particular range of atmospheric pressure. For example, low atmospheric pressure to high atmospheric pressure is normally associated with the following range of weather conditions respectively: stormy, rain, change, fair, and very dry.

Definitions:

Atmospheric Pressure: This is the pressure the air exerts as gravity pulls it towards the centre of the Earth 
Pressure Gradient: This is the measure of the amount of atmospheric pressure pressure changes across a set distance.  It can be vertical or horizontal.

VERTICAL PRESSURE GRADIENT
   HORIZONTAL PRESSURE GRADIENT
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Isobars : The pressure of air at the surface is indicated using a series of lines known as isobars. These lines are drawn through points on the weather map where atmospheric pressure is the same.
Homework

Section from Textbook
13.4 The Atmosphere (p. 510,512-13) and Understanding Concepts p. 513 #’s 2 & 6

Questions

1. Define atmosphere.

2. What are the principle layers of the atmosphere?

3. Explain how and why the density of the atmosphere changes from sea level to increasing altitudes.

4. What is the percentage of gases in the atmosphere?

5. Why are the layers of the atmosphere thicker at the equator than at the poles?

6. (a) What is atmospheric pressure?     

(b) Explain how and why atmospheric pressure changes from sea level to increasing altitudes

7. (a) What is pressure gradient?

             (b) What can be said about the horizontal pressure gradient when the lines are     

              closer together?  Farther apart?

8. Explain how an aneroid barometer works?

