February 13, 2008

Weather Fronts

· A front is the boundary or transition zone between two air masses.  Much of the interesting weather (rain, snow, strong winds, storminess, etc.) occurs along and near fronts where air masses clash, rather than in the center of a large air mass.  In fact, the original use of the term front was made by analogy with a WWI battle front between troops … weather front is a battle or clashing of two air masses.

· Fronts are only marked on surface weather maps.  However, it is important to realize that fronts are 3-dimensional and extend vertically as well as horizontally.

· Above the ground, frontal surfaces slope so that the warm air mass overlies the colder air mass.  This is always the case, since the warmer air mass will be less dense (and hence lighter) than the colder, more dense air mass.

· Draw side view diagram of frontal surface
· Because the warm air mass is forced to rise vertically upward along frontal boundaries, we often observe precipitation along and near weather fronts.  In the center of a large air mass, this type of forced lifting of air does not take place.

· Basic types of fronts

· Fronts are classified based on how the front is moving along the surface of the Earth.

· A stationary front shows little or no movement along the ground

· Draw weather map symbol for a stationary front
· A cold front indicates that at the surface the cold air mass is advancing into a region formerly covered by a warmer air mass

· Draw weather map symbol for a stationary front
· A warm front indicates that at the surface the warm air mass is advancing into a region formerly covered by a colder air mass.

· Draw weather map symbol for a warm front
· Go over a handout which describes the typical characteristics of warm and cold fronts.
· Also look at figures 8.15 (cold front) and 8.18 (warm front) in textbook.
· I would like you to know some of the material listed in Table 8.2 “Typical weather conditions associated with a cold front in the Northern Hemisphere” to understand how weather conditions change as a cold front approaches and then moves through an area.  Worry less about Tables 8.3 and 8.4.
· Especially pay attention to winds, temperature, pressure, precipitation, and dew point changes indicated in the table.

· Draw figure in class showing these changes for a “typical” cold front.
· Show video clip of a cold front passing through our area.

· An occluded front is a complex frontal system that ideally forms when a cold front overtakes a warm front.  Three distinct air masses are involved.  Figure 8.23c in the textbook shows a “typical” orientation of a cold and a warm front associated with a surface low pressure.  Because cold fronts generally move faster than warm fronts, the cold front can “catch up to” or overtake part of the warm frontal boundary, which forms an occluded front.
· Draw sequence of figures showing this and weather map symbol for occluded front.
· Show difference between a cold-type and a warm-type occlusion.
· Also look at figures 8.20 (cold-type) and 8.21 (warm-type) occlusions.
Cyclogenesis
· Cyclogenesis is the development and strengthening of a middle latitude cyclone.  A cyclone is the name given to an area of surface low pressure.  In the Northern Hemisphere, winds around a cyclone are generally counterclockwise (or cyclonic), and also inward.  Note that surface high pressure areas are sometimes called anti-cyclones, with clockwise (or anti-cyclonic) air flow.

· We are interested in the formation and strengthening cyclones (surface lows) because this is where the interesting weather occurs … recall near surface lows get surface convergence, rising air motion, and possible development and clouds and precipitation.
· Cyclogenesis is most likely to occur along frontal boundaries because this is a place where energy is available for the storm to strengthen.   

· The energy available near a frontal boundary is the potential energy derived from the density contrast between warm and cold air.

· Draw a simple diagram sequence to show this.
· Polar Front Theory is a rather idealized step by step sequence for the strengthening of surface lows (cyclogenesis) and later their eventual dissipation.  Figure 8.23 in the textbook show pictorially what is happening step by step.

· In the idealized model for cyclogenesis, the initial condition shows a stationary front separating a cold and warm air mass, both of which are dominated by a large high pressure area near the center of the air mass.  (draw figure)
· In the next stage, the frontal surface starts to deform.  The winds blowing in opposing directions of either side of the front, cause the development of a cyclonic or counterclockwise twist to the air flow.  We now see both a cold and warm front starting to develop. (draw figure)
· The next stage is a more developed surface low pressure area.  We begin to see more tightly packed isobars as the surface pressure falls near the developing cyclone and wind speeds increase.  Potential energy is being converted to kinetic energy of motion as the low strengthens. (draw figure)
· Usually the cold front moves faster than the warm front and an occlusion begins to develop.  This often indicates the mature stage of the cyclone, with strong surface winds and a large area of precipitation. (draw figure)
· As the warm air mass at the ground is squeezed out or becomes located far away from the low, the supply of warm air rising over the cold air is lost … the source of energy is lost … and the cyclone dissipates and dies. (draw figure).
· Review this by looking at sequence shown in figure 8.23 of textbook.

· Upper air support or upper tropospheric support

· The determination of whether or not a surface low pressure area will develop and strengthen depends critically on what is going on with the wind flow in the middle and upper troposphere.  In fact, for a surface low to intensify with time, there MUST be divergence occurring in the upper troposphere above the surface low.
· Recall that the surface air pressure is caused by all the weight of the air in a column above the surface.  Suppose we have a surface low with no divergence occurring aloft.  Air is converging at the surface, bring air into the column above the low … this would act to raise the surface pressure (more weight of air in column), which weakens the low with time.

· In order for a low to strengthen (lower surface pressure) with time, there must be more weight of air leaving the column than entering it.  Thus, we can make the following conclusions:

· If upper level divergence > surface convergence, low strengthens

· If upper level divergence = surface convergence, low is steady

· If upper level  divergence < surface convergence, low weakens

· Similar arguments can be used to determine the conditions necessary for surface high pressure areas to strengthen or weaken.
· Cyclogenesis is most likely to occur just downwind of a 500 mb trough, where there is upper-tropospheric divergence occurring.

