January 28, 2008
Go over homework #2.

Review 500 mb winds and expected precipitation patterns based on 500 mb pattern of height contours.  Look at last weekend’s weather, today, and forecast based on 500 mb pattern.
Vertical Structure of the Atmosphere (continued)
5. Vertical Structure of the atmosphere (Pressure)

· At the micro-scale, gas pressure is caused by the sum total of all collisions of gas molecules on a surface.  The physical units of pressure are force per area.  Each time a gas molecule collides with a surface, it exerts a little push or force on the object.  Summing all these individual tiny forces over an area causes gas pressure

· Let’s again think of a column of air.  The air in the column has mass and is held in place above the surface of the Earth by the force of gravity.  Thus, air in the column has weight.  Since weight is a force, air pressure is weight per area of the air in the column.

· Draw figure of a 1 square in column of air, with annotations
· Air pressure at any point within the atmosphere is caused by the weight of air pushing down from above.  Therefore, air pressure MUST decrease as you move upward, since there is less weight pushing down from above

· Since air is a fluid, at any point in the atmosphere, the pressure is equal in all directions (down, sideways, up)

· Make an analogy with a more tangible fluid, liquid water.  Use a diagram to show that as you dive downward into water, the water pressure increases because the weight of fluid above (the water) increases.
· I would also like you to understand something about the rate at which air pressure decreases as you move upward from the ground surface.  Air pressure decreases very rapidly at first, since most of the weight of the atmosphere is compressed near the ground surface.  As you move upward, the air density becomes lower due to the compression effect, and the rate at which air pressure decreases as you move upward gets smaller.

· Show pressure figure from lecture summary page.  Explain rate of pressure decrease in terms of the compression effect.
· 50% of all weight of atmosphere below 500 mb (lowest 5-6 km above sea level)
· 75% of all weight of atmosphere below 250 mb (the troposphere)

· 99.9% below 1 mb (~50 km above sea level:  the troposphere and stratosphere)

· In fact, if you know the air pressure at your location, you can quickly estimate the fraction of the mass (or weight) of the atmosphere above or below you.
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In class demonstration of air pressure.
6. Vertical Structure of the Atmosphere (Temperature)

· The atmosphere is commonly divided into vertical layers based on the change in air temperature with altitude

· In this class we are only going to discuss the lowest two layers, the troposphere and the stratosphere.  Show Temperature Layers figure from lecture summary page.
· Troposphere

· Lowest layer, extending from the ground surface up to about 11 km above the surface.  11 km is an average … the top of the troposphere ranges with time and location, but is generally found between 6 and 18 km.  Usually the warmer the air, the higher the top of the troposphere (tropics, summer season outside tropics)

· Characterized by a rapid decrease in air temperature with increasing altitude.

· Average rate of decrease is 6.5° C per km (3.6° F per 1000 feet).

· Reason air temperature generally decreases as one moves upward is that the air in the troposphere is mostly heated from below by the underlying ground surface, which is mainly heated by absorbing radiation from Sun.

· Not that uncommon to have temperature inversions, which are regions in the troposphere where air temperature actually increases with increasing altitude.   In fact temperature inversions are common near the ground during the late night/early morning.  Draw diagram of a surface temperature inversion.  Inversions that occur above the Earth’s surface can be important in severe weather formation.

· Roughly 75% of the total mass of the atmosphere is contained within the troposphere.  Why?  

· Essentially all weather and all clouds are found in the troposphere

· The boundary between the troposphere and the stratosphere is called the tropopause region.  In this region air temperature stops decreasing with altitude.
· Stratosphere

· Layer above the troposphere, on average extending from 11 km to 48 km.

· Moving upward from 11 km, air temperature typically remains nearly constant up to about 20 km.  From 20 km up to the top of the stratosphere, the air temperature increases.

· Reason for increase in temperature is the absorption of ultraviolet radiation by Ozone, which shields (or protects) surface inhabitants of the Earth from exposure to this potentially harmful radiation. 

· The layer of highest ozone concentration is found between about 20 and 30 km altitude.  This is referred to as the Ozone layer.  Note that even in this layer of higher ozone concentration, ozone is still a trace or minor component of the atmospheric gases.
Briefly mention radiosondes (show picture page 11 of textbook).  There are about 800 official radiosonde launching sites around the world.  At most sites, radiosonde balloons are launch two times per day at 00Z and 12Z (midnight and noon in Greenwich, England).  The data measured by these radiosondes are collected together to form a measured state of the atmosphere around the globe.  This is the “initial state” from which weather forecast models begin.

Briefly describe what the ionosphere is and its affect on AM radio (page 13 textbook).  Not important for weather.

Why does the 500 mb height depend on air temperature? (Chapter 6)
· This can be shown mathematically using the gas law.  For gases:

· Pressure = (Temperature) x (Number Density) x (Constant of proportionality) or we can say the Pressure is proportional to (Temperature) x (Number Density) 
· Let’s compare a cold column of air with a warm column.  Assume that the air pressure at the bottom of both columns is the same (say 1013 mb).  This means that the total weight of the air in each column is the same.

· Using the gas law equation, at the bottom of the column, since the two columns have the same pressure, they have the same product of (temp) x (num density), therefore, the colder air (with lower temperature) must have a greater number density than the warmer air (with higher temperature).
· Since cold air is more dense, the rate at which air pressure decreases with increasing altitude (which is set by the rate at which the weight of air above you decreases with increasing altitude) in colder air is more rapid than in warm air.
· This means that the altitude where the air pressure falls to 500 mb will be lower in the cold air column compared with the warm air column.

· If you do not understand the logic above, some understanding can be obtained by thinking about something that you probably already know:  As air is heated it expands and as air is cooled, it contracts

· Draw figures of heated and cooled air columns.
· Show 500 mb height figures from book (linked under lecture summaries)

What is wind and what causes wind to blow?
· In class we will use the following definition:  wind is horizontal movement of air
· Winds have speed (e.g. knots, miles per hour, etc.) and direction, which is defined as the direction from which the wind is blowing.

· In the atmosphere, it is important to know the winds at different vertical levels in the atmosphere.  Surface winds are horizontal movements of air that we feel.  But keep in mind there are horizontal winds blowing above the ground surface as well.  We have already discussed the winds at the 500 mb pressure level.

· Winds are caused by horizontal changes in air pressure or more specifically by horizontal pressure gradients.  By definition, the pressure gradient is the horizontal change in air pressure divided by the change in distance.

· A pressure gradient force pushes air from higher toward lower air pressure.  The stronger the pressure gradient, the stronger the pressure gradient force, and hence the stronger the wind.

· {draw a simple diagram of pressure gradients and relation to wind speed}
· Because horizontal changes in air pressure cause winds to blow, the pattern of air pressure is plotted on weather maps.  The maps allow us to visualize the pressure gradients.  There are two basic types of weather maps:  surface (or sea level) maps and upper air maps.
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