Name:____________________________         

SO441 Synoptic Meteorology: Lab 4 & Homework 4
150 points


Quasi-geostrophic theory:  understanding the starting point, the middle point, and the result

1.  The derivation of the quasi-geostrophic equations requires, as a starting point, the basic governing equations.  To even begin to understand the QG equations, we must know all the variables and the meanings of all of the different terms.

Here are the basic, governing equations: 


(2)
(1)



a.  (10 points).  Identify, with words (or an equation), the following variables found in the above governing equations.  If you use an equation and introduce any new variables, be sure to identify them, too.








b. (10 points)  Each term in the above equation has a “meaning”, i.e., a physical interpretation.  Give a quick physical interpretation for each term in the following equations.










c. (15 points)  As we have seen with so many examples in Synoptic Meteorology this year, the sign of a term (if it is positive or negative) is very important.  For the following variables or terms, interpret positive and negative values of each:


	Term
	Meaning when positive
	Meaning when negative

	

	
	

	

	
	

	

	
	

	

	
	

	

	
	

	

	
	

	

	
	

	

	
	

	

	
	

	

	
	

	

	
	

	

	
	

	

	
	

	

	
	




2.  Under a set of restrictions (small Rossby number, adiabatic and frictionless flow, horizontal and uniform static stability, and hydrostatic balance), the above basic governing equations become the following:


(4)
(3)



where the subscript “g” indicates the geostrophic wind component, “ag” the ageostrophic wind component, f0 the (now constant) Coriolis component, and  the change in Coriolis with latitude.

a. (10 points)  List, and then briefly explain, each of the restrictions put on the basic governing equations (1) and (2) that are needed to derive equations (3) and (4).  




 By taking , you get


.(5)


b. (10 points)  Identify (by name, and/or an example) the meaning of each term in this vorticity equation.






3.  One of the fundamental, most important equations in all of quasi-geostrophic theory is the “QG-omega equation,” named for its star variable, .



Remember from notes that , where w is the vertical velocity component in height coordinates (with respect to z).  The sign of  is so important to understanding rising motion and sinking motion.  

a. 
(5 points) When  is positive, what is the sign of w?  Is air rising or sinking?  Would there be precipitation?





b. 
(5 points) When  is negative, what is the sign of w?  Is air rising or sinking?  Would there be precipitation?






c. 
(5 points) Why, mathematically and physically, does  have the opposite sign of w?





4.  The QG-omega equation can be written as follows, where Term C has been expressed in terms of temperature.  







a. 
(5 points) Identify Term A.  What effect does the derivative in Term A have on the relationship between the sign of  and the signs of Terms B and C?  








b. (5 points) Identify Term B.








c. (5 points) If the atmosphere is characterized by differential positive vorticity advection (also known as differential cyclonic vorticity advection) between the surface and 500 mb:


What will the sign of  be between the surface and 500 mb?




What will the sign of  be between the surface and 500 mb?



Thus, for differential cyclonic [positive] vorticity advection between the surface and 500 mb, what is the sign of Term B?  




d. 
 (5 points)  If Term B is positive, what is the sign of  between the surface and 500 mb?   Why?





e. (5 points) If Term B is positive, will air be rising or sinking between the surface and 500 mb?  







f. (5 points) Draw a quick sketch of “cyclonic vorticity advection increasing with height” between the surface and 500 mb.









g. (5 points) If Term B is positive, what does that mean physically for vorticity advection?







h. (5 points) Now identify Term C.  






i. (5 points) If the atmosphere is characterized by warm air advection at 850 mb:


What will the sign of  be at 850 mb?




What will the sign of  be at 850 mb?




What will the sign of  be at 850 mb?



Thus for warm air advection at 850 mb, what is the sign of Term C?





j. 
(5 points) If Term C is positive, what is the sign of  at 850 mb?   Why?




k. (5 points) If Term C is positive, will air be rising or sinking?  







l. (5 points) If Term C is positive, what does that mean physically for temperature advection?






5. (10 points) Putting it all together.  Using quasi-geostrophic theory, explain why precipitation typically exists ahead of a trough axis.



















6. [bookmark: _GoBack](10 points) Using quasi-geostrophic theory, explain why clear skies typically exist ahead of a ridge axis.
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