February 8, 2008
Review Surface winds and the horizontal forces that act on air just above the Earth’s surface.  We began this material at the end of the lecture on Monday, February 4.
You should be able to quickly determine the approximate wind direction based only on the pattern of sea level isobars …
· The result:  surface winds do not blow parallel to the isobars, but are directed slightly across the isobars toward lower pressure.

· Over land areas, a good rule of thumb is that the wind direction makes an angle of about 30° with the isobars.  This angle is generally smaller over the oceans because the frictional drag (and FF) is less over water.
· Look at figure 6.20 from textbook (also linked on the lecture notes page).
· Notice the difference between upper level air flow and air flow near the ground.  At upper levels, the wind blows parallel to the contours (height lines), while near the ground the wind is not parallel to the contours, but is directed about 30° away from parallel toward lower pressure.
Importance of vertical air motions
· We have defined wind as horizontal movement of air, and said that all winds result from pressure gradients along a horizontal surface.  Other than within violent thunderstorms, the horizontal movement of air is much faster than vertical movement of air.  Although vertical air motions are generally weak, they are very important in determining where clouds and precipitation may form …
· Clouds and precipitation form in regions where air is rising (moving vertically upward), as long as there is sufficient water vapor in the air.
· In regions where air is sinking (moving vertically downward), we expect generally clear skies with no precipitation.
· For weather forecasting, it is very important to be able to identify regions in the atmosphere where air is rising vertically.  We will use both 500 mb and surface weather maps to identify these regions.
· We will not discuss vertical air motion in terms of pressure gradients, but rather as a response to the horizontal air flow.  The reason is that there is a very large pressure gradient in the vertical (recall air pressure falls very rapidly as you move upward).  This pressure gradient points upward (from higher toward lower pressure).  However the upward directed pressure gradient force is very nearly balanced by the downward directed weight of the air.  This balance is called hydrostatic equilibrium.
· A simple diagram will be drawn to show hydrostatic equilibrium.

· In the horizontal direction, there is not a force to push back against the pressure gradient, so even weak horizontal pressure gradients result in noticeable horizontal winds.
Surface winds and vertical air motions

· 1st a couple of definitions

· Convergence is horizontal inflow of air into a region.  

· Divergence is horizontal outflow of air away from a region.

· Where surface air converges (think of squeezing air together just above the ground), rising vertical air motion is forced.  As air is pushed together, some of it is forced to rise upward, since it cannot go down into the ground.

· This occurs near surface low pressure areas.  It explains why clouds and precipitation are often associated with surface low pressure areas (L’s on maps).
· Where surface air diverges (think of spreading out air just above the ground), sinking vertical air motion is forced.  As air is evacuated from a region, air from above will move in to take its place, since it cannot come up from the ground.

· This occurs near surface high pressure areas.  It explains why fair weather is often associated with surface high pressure areas (H’s on weather maps).

Divergence and convergence near the top of the troposphere and vertical air motions
· The relationship between convergence and divergence in the upper troposphere and the resulting vertical air motion is reversed

· Convergence in the upper troposphere results in sinking vertical air motion
· This occurs just downwind of 500 mb ridges.  You do not need to understand why upper tropospheric convergence happens there, just that it does and explains why I already told you that fair weather is expected just downstream of 500 mb ridges.
· Divergence in the upper troposphere results in rising vertical air motion
· This occurs just downwind of 500 mb troughs.  You do not need to understand why upper tropospheric divergence happens there, just that is does and explains why I already told you that clouds and precipitation are most likely to be found just downstream of 500 mb troughs.

· To understand the result above, you have to realize that the boundary between the troposphere and stratosphere (the tropopause region) acts like a “lid” on vertical air motions, i.e., it is difficult for air to move upward or downward through this region.  Now we can apply the same arguments as for surface convergence and divergence to show how vertical motions are forced

· A diagram will be drawn in lecture
· Also look at figure 6.22 in textbook (linked on lecture notes page as well).
500 mb waves (waves in the westerlies), Chapter 8, pg. 229
· At the largest scales of motions, the 500 mb height pattern is characterized by a series of longwaves, which are thousands of kilometers in length, that encircle the Northern Hemisphere.
· Draw diagram defining wavelength and typical size
· Use handout to show an example of a 500 mb longwave pattern.  There are usually between 3 and 7 longwaves encircling the Northern Hemisphere at any one time.

· Polar perspective maps of 500 mb pattern allow us to “visualize” the large scale weather pattern across the Northern Hemisphere.

· Cold air in troughs, Warm air in ridges, where precipitation is most likely to be happening, where fair weather is most likely
· Take a look at the current 500 mb polar perspective maps.
· Put up web page (listed in assigned reading) titled “500 mb Height Pattern and Surface Weather”.  Much of the first part is a review of what we have already covered.  You should be able to understand it now.  Look at material beginning in 6th paragraph.

· Go over side two of handout, weather terminology
· Use diagrams to show what to look for in the 500 mb pattern to indicate regions with strong upper level divergence and potentially strong winter storms
· Shortwaves 

· We will not spend too much time on shortwaves because they can be difficult to identify on 500 mb maps.  But they are important in determining weather conditions.

· Shortwaves are much smaller than longwaves … they are smaller scale ripples in the 500 mb pattern, which are superimposed on the larger longwave pattern.

· Draw a simple diagram
· There are shortwave ridges and shortwave troughs, however, we are most interested in shortwave troughs because they are often associated with precipitation and storms.

· Shortwaves are smaller waves that move along longwaves in the same direction as the winds at 500 mb.  In fact shortwaves are “steered” around by the largescale 500 mb air flow.  As a rule of thumb, shortwaves move at about half the speed of the 500 mb winds.
· Shortwaves tend to strengthen as they move through a longwave trough and weaken as they move through a longwave ridge.

· Show shortwave figure from textbook (linked on lecture notes page)

· 500 mb closed lows and cut-off lows

· We have already looked at closed lows on 500 mb maps.  Review quickly.

· Show example, linked on supplemental reading page.
· Draw diagram to show how cut-off lows can develop
· Explain cut-off lows can bring a prolonged period of cool, rainy weather if they become stationary for several days.  Relatively common for those to form just off southern California coast and influence our weather.   
