January 30, 2008
Vertical Structure of the Atmosphere (continued)
6. Vertical Structure of the Atmosphere (Temperature)

· Troposphere (Review first few points that we covered Monday, then continue)
· 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.
Plotting pressure pattern on surface weather maps (sea level maps)
· Surface maps plot contours of “equivalent” sea level pressure.  The contours are called isobars, which are lines of equal pressure.

· The isobaric pattern (contours of sea level pressure) can be used to estimate the wind pattern at the surface.

· To determine surface winds, we need to look at how air pressure changes on a horizontal surface.  However, the land surface of the Earth is not a horizontal surface, since not every place is located at sea level.  To bring all pressure measurements to the same altitude (sea level), the measured air pressure for locations above sea level must be adjusted to sea level.  (The reason this is done is so that we do not include vertical pressure gradients in determining the horizontal movement of air or wind).

· Station pressure – actual air pressure at an observing station measured with a barometer
· Sea level pressure – estimate of what the air pressure would be if the station were located at sea level (after making an altitude adjustment to station pressure)

· A figure similar to figure 6.8 in textbook will be drawn to illustrate process.
· Look at current US map of sea level pressure pattern
· Point out pressure gradients and estimate relative wind speeds
Pressure patterns on upper air maps
· On upper air maps, the contour lines are the heights above sea level of the specified pressure surface (e.g., 500 mb maps.  There are also 850 mb, 700 mb, 300 mb, 250 mb, etc. maps, which show the height of these pressure levels).

· These height contours on a constant pressure surface are equivalent to pressure contours (isobars) on a horizontal surface.  In other words, we can use the height patterns on upper air maps to visualize the pattern of horizontal pressure gradients and therefore to estimate the wind patterns on the corresponding pressure surface.
· This is best shown using the figures on page 150 textbook.  These figures are linked under the lecture summaries for today.
· Look also at the current 500 mb height pattern
Up to this point, we have said that winds are caused by horizontal pressure gradients, and the stronger the pressure gradient, the stronger the pressure gradient force, and the stronger the winds.  We have also looked at how to visualize the strength of horizontal pressure gradients by examining both surface and upper air weather maps.  We will now consider several other forces that act on the air to determine the actual wind direction based on horizontal pressure patterns.
Before doing this, we will first describe, then apply Newton’s laws of motion to the large scale motion of air in the atmosphere.
Newton’s Laws of Motion
· 1st law:  An object at rest will remain at rest (or an object in motion will continue to move in a straight line at constant speed) as long as no net force is exerted on it.

· You can think of a force as something that pushes or pulls on an object.  Net force is the sum of all individual forces acting on the object.  Zero net force does not mean no forces are acting, only that the sum of all forces is zero.  For example, we are forced downward by Earth’s gravity, but the ground surface provides an equal force upward, so net force is zero and we remain stationary.
· 2nd law:  An object will always accelerate in the direction of the net force acting on it.  The strength of the acceleration is related to the net force by the equation: (Net force) = (Mass of object) x (Acceleration of object) or more familiarly F = ma.

· Acceleration is the rate of change of velocity.  An acceleration can be a change in speed or a change in the direction of motion or both.

· A few examples

· An object moving at 1000 mph in a straight line is not accelerating.  No net force

· An object moving at 1000 mph is a circle is accelerating because the direction of motion is always changing.  Thus a net force is acting on the object.

· An object that is slowing down is accelerating.  Net force is opposite to the direction of motion.

Forces that influence wind / Determination of wind direction
· Pressure Gradient Force (PGF)

· We have already described this force.  A pressure gradient is the change in air pressure divided by the corresponding change in distance.  The pressure gradient force is directed from higher toward lower pressure.

· The PGF is the force that causes wind to blow.  The stronger the pressure gradient the stronger the wind.  If there is no pressure gradient there is no wind. 
· We have already seen how to visualize pressure gradients in the atmosphere using weather charts.

· Coriolis Force (CF) of Coriolis Effect

· An apparent force required to explain the motion of free-moving objects (those not attached to the Earth’s surface) as observed from the surface of the Earth, which is rotating.

· The details of the CF are difficult to understand, so we will try to keep it simple.  The bottom line for determining wind direction in the middle latitudes of the Northern Hemisphere (where the US is located) is the CF causes the wind to deflect to the right of its intended path.
· Show video clip of ball rolling on a turning merry-go-round and explain in terms of Newton’s Laws of motion.

· A few other notes about the CF:

· The CF acts at right angles to the wind direction, only influencing the wind direction, but not the wind speed.
· The CF is zero for stationary air, and increases in magnitude as the speed of the wind increases.
· The CF is zero at the Equator and gets larger and larger as one moves toward the north and south poles, where it is largest.

· The CF is negligible for small scale winds, like local sea breezes or local mountain breezes.  It is only important at large scales, like the pressure gradients that we visualize on surface and upper air maps.
· Contrary to popular belief, the CF has no influence on the way water swirls down a sink drain (scale of motion too small).  However, it has a significant effect on large scale ocean currents.

Apply PGF and CF to explain straight wind flow on upper air charts (geostrophic wind)
