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Chapter 6: Weather Systems
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The development and movement of weather systems shape the weather that appears at any one place on the earth’s surface.  A weather system is a set of interdependent atmospheric events that appear together in roughly the same place at the same time.  In this chapter we will explore how these systems shape determine the weather we see here in the Pacific Northwest as well as around the world.

Weather on a global scale


The following maps show atmospheric conditions that appear around the world during a typical year.  Use a separate sheet of paper to record your observations about patterns you see in each map.  This is a warm-up / synthesis activity that you are welcome to do on your own, however we will also be doing this in lecture where you will have the benefit of seeing each map projected onto a large screen.  Our goal in looking at weather systems is to try to explain these patterns and the seasonal changes that take place in them.  For now, we simply want to take stock of what those patterns and changes are.
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Figure 6.1 - Typical cloud cover for the northern hemisphere winter.  

Things to look for: 

· Where bands of clouds appear.  

· Where clear air is.

· What the clouds tell you about wind directions.  

· Where small spiral shaped masses of clouds appear (mid-latitude cyclones and hurricanes.

[image: image3.wmf]
Figure 6.2 – Average surface air pressure for January.  The shades of blue represent average monthly air pressure.  The darker the blue the lower the pressure.  Pressure centers are indicated by H (high pressure) and L (low pressure)  
Things to look for:

· Where semi-permanent high and low pressure centers are.    

· Where the ITCZ (inter-tropical convergence zone) is.  

· Where the different types of pressure centers and the ITCZ are in relation to the cloud cover. 

· How the pressure centers and ITCZ changes during the summer.
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Figure 6.3 – Prevailing surface winds for January.  The arrows indicate prevailing wind directions.  The shades of blue represent average monthly air pressure.  
Things to look for:

· Winds that originate flow into a center.  

· Winds that flow out of a center.  

· Winds that circle the globe.  

· Winds that converge along a line.  

· Where these different types of winds are in relation to pressure centers.  

· How these wind patterns change during the summer.
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Figure 6.4 – Average monthly total precipitation for January  

Things to look for:

· Where the wettest and driest areas are.  

· How these areas correspond to surface air pressure.  How they correspond to surface winds.  

· How these areas change during the summer.
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Figure 6.5 – Average monthly surface temperature for January  

Things to look for:

· Where the warmest areas are.  

· Where the coldest are.  

· How these areas correspond with air pressure and cloud cover. 

· How these areas change during the summer.
Theories used to explain observed weather

Air masses and weather fronts
The basic idea


Weather results from the movement and interaction of large bodies of air that have different humidity and temperatures

The details of this idea

1) A large body of air having uniform temperature and humidity is called an Air Mass.

2) Air masses develop when air remains stagnant above a large, physically uniform section of the earth’s surface long enough for it to come to equilibrium with it surroundings.  For instance, an air mass developing over a cold continental interior will tend to be cold and dry, while air originating over a tropical ocean will be warm and humid.

3) The various types of air masses are grouped by their humidity and temperature, which is determined by where they originate.  The major types are shown in the following table.

	 
	 
	Continental (c)
	Maritime (m)

	 
	Humidity
	Dry air
	Moist air

	 
	Temperature
	 
	 

	Arctic (A)
	Cold
	cA (cold & dry)
	 

	Polar (P)
	Cool
	cP (cool & dry)
	mP (cool & moist)

	Tropical (T)
	Warm
	cT (hot & dry)
	mT (warm & moist)

	
	
	
	


Legend - cA = continental arctic, cP = continental polar, cT = continental tropical


          mP= maritime polar, mT = maritime tropical

4) The following table lists some air masses that shape the weather of North America and the source region of each air mass.

	Air mass type 
	Source Region
	Area most impacted by this type of air mass

	mP
	North Pacific
	Western Canada and the Pacific Northwest

	mP
	North Atlantic
	Eastern Canada and the northeastern USA

	cA
	North central Canada
	Central and eastern USA

	cP
	Central Canada
	Central and eastern USA

	cT
	Central Mexico
	Central USA

	mT
	Tropical Pacific
	Southwestern USA and western Mexico

	mT
	Tropical Atlantic
	Southeastern USA and eastern Mexico


5) Storms and other cloudy weather are produced by the interaction of two air masses.  The boundary between these two masses is called a weather front.  Because the movement of air inside each air mass is variable, fronts can be either stationary or moving.  When a cold air mass invades a region occupied by warm air this is called a cold front.  When the reverse happens (warm air invades a region having cold air) you have a cold front.  One of the best analogies I know of for air masses and fronts is to be sitting in a warm room when someone opens a door to the outside during a cold day.  You quickly feel a wave of cold air reach you.  The movement of this cold air is like a cold front.  The various types of fronts and the weather associated with them are explained on the following page.   

	Figure 6.6 - Cold front    

A front created when a cold air mass moves into a region occupied by warmer air.  Decreasing air temperature, narrow bands of cumulus clouds, and heavy precipitation often marks the passage of a cold front over a weather station.
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	Figure 6.7 - Warm front     

A boundary formed by the movement of a body of warm air into a region occupied by cooler air.  From an individual weather station increasing air temperature, stratus type clouds, and light precipitation accompany the passage of a warm front.
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	Figure 6.8 - Stationary front     
This front is the border between two motionless air masses of different temperatures. The stations on either side of a stationary front generally report relatively unchanging weather.
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	Figure 6.9 - Occluded front 
This front is a boundary that forms when a cold front overtakes a warm front.  Occluded fronts are generally associated with warm front type weather.
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Theories used to explain observed weather

Global atmospheric circulation
The basic idea


The movement of air masses results from the circulation of air and water within the atmosphere on a global scale.  This circulation is driven by the unequal heating of the earth’s surface and atmosphere and takes the form of convective cycles and wavelike motions.   

Details of the idea

1) On a global level air in the troposphere moves in a series of very large convection cycles...



      Generally warm air rises over the equator and falls over the poles as it cools.  In the eighteenth century English meteorologist George Hadley proposed the idea that air rising over the equator traveled all the way up to the poles, sank to the surface, and then flowed to the poles.  This idea worked well for explaining prevailing Easterlies in both the north and south hemispheres.  But it really couldn’t explain the prevailing Westerlies in the mid-latitudes (the areas between 30 and 60°N and 30 and 60°S).   This was so because the convective cycles which cause global atmospheric circulation is considerably more complicated than Hadley’s model.  The diagram below shows the model that seems to best explain observed weather patterns.  In this model convection occurs in much the same way as Hadley described it in cells located north and south of the equator (Hadley cells) and over the polar regions (polar cells).  However between the Hadley and Polar cells are flows of air that move backward.  These are referred to as Ferrel or indirect thermal cells.  Their movement that appears to contradict the laws of physics, results not from convection but from the movement of the other cells.  

	[image: image11.wmf]
Figure 6.10  - Diagram showing major air circulation in the troposphere.  Both the Hadley and Polar cells are direct thermal cells (this means they are driven by convection), while the Ferrel cells are indirect thermal cells.  The jet streams located above the boundaries of the cells are high speed Westerlies.  The arrows on the surface of the globe show general wind direction as well the major wind belts on the planet.




2) Air at the top of the direct and indirect thermal cells tends to flow around the world and move in ever-changing wave like paths...  


           As seen in figure 5.6 in chapter 5, upper level winds flow completely around the world in wave like paths, sometimes dipping to the south, other times blowing to the north.  Above the junction of adjoining cells the winds are particularly fast (over 185 kph or 300 mph).  These air “rivers” of air are called jet streams.  Tracking changes in their paths is particularly important to weather forecasters, since their movement is coupled to the movement of surface storms.  Here in the Pacific Northwest we are generally interested in the movement of the northern polar front jet.  Generally during the winter when the average position of the polar jet moves south, storms are directed over the western United States.  During the summer, when the average position of the jet is further north, storms are channeled into Canada and Alaska.  Since the jet streams move along wavelike paths that are always changing in amplitude and wavelength, during the same season storms may be directed either to the south or north of us at any time.  

3) 
The surface boundary between cells also takes on wavelike shapes...


         At the bottom of the polar cells cold air is moving toward the equator.  At the bottom of the Ferrel cells warm air is moving toward the poles.  Where these masses air collide a boundary forms called the polar front.   Like the path of the jet stream, the polar front is wavy and the shape of the waves is closely connected to the shape of the jet stream path above it.    Also like the jet stream, these waves are constantly changing.  Figure 6.11 shows the location of the polar front over several weeks.  You are looking at the earth from above the North Pole.  Between stages 1 and 2 a bulge develops in the front where cold polar air intrudes into warmer air space.  In stage 3 a portion of the polar air mass has pinched off forming an isolated pocket of cold air over central Canada.  Because this air is colder than the surrounding air, a high-pressure center or anticyclone forms.  
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Figure 6.11  - Changes in the position of the polar front over a period of several weeks.




4) 
Smaller scale changes in the polar front can produce mid-latitude or wave cyclones...


A wave cyclone is a highly mobile low-pressure center in which a cold and warm front intersect.  Because a cyclone is a low-pressure center airflows into them and then rises, producing heavy cloud cover and precipitation.  These cyclones develop when a section of a polar front begins to bend forcing air aloft.   Mid-latitude cyclones tend to go through well-defined stages beginning with the creation of a warm followed by a cold front.  As the cyclone “matures” the cold front eventually gains on its warm counterpart and begins to overlap.  Eventually the cyclone dies out when the two fronts completely overlap (See figure 6.12 on the following page).
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Figure 6.12 - Stages in the life of a mid-latitude cyclone.  The systems shown tend to be several hundred kilometers in width.



Some background relevant to your lab - Dishpan experiments



In the lab on the following page you will model the general aspects of atmospheric circulation using a technique called a “dishpan experiments”.  These experiments simulate the formation and behavior of Hadley and Ferrel cells for an entire hemisphere.  They allow researchers to look at how temperature differences between the equator and the poles and the earth’s rotation determine major wind patterns that appear in the lower atmosphere.  In these investigations a cylindrical pan is filled with water (a fluid used to simulate the atmosphere).  A smaller ice filled cylinder (used to simulate the poles) is placed in the center of the larger cylinder.  A heat source is attached to its outer rim to simulate the equator.  The entire apparatus is then rotated on a turntable in order to simulate the earth’s rotation.  The researchers then trace the movement of the water in the pan by putting aluminum powder on the surface and videotaping the movement of the powder from both a stationary and a rotating frame of reference.  A stationary frame of reference means that the camera is taping the movement while it sits off to the side of the apparatus.   In a rotating frame, the camera is mounted over the pan so that it rotates with the pan.  The instance of the stationary is like an observer that is fixed above the earth watching tracking the movement of air across the surface as the earth rotates below them.  The instance of the rotating frame is like the observer is watching the airflow as they rotate with the earth. 
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	Figure 6.13 – A dishpan experiment using food coloring as a tracer.  While the pot containing the ice simulates the polar regions the outer, warmer edge of the pan simulates the tropics.  The food coloring shows water sinking around the ice filled pan and rising along the warmer outer wall.  In other words it’s acting like a Hadley Cell.

Photo from University of Chicago Workshop on Teaching Weather and Climate Using Laboratory Experiments


Lab:  Modeling Global Atmospheric Circulation
[image: image15.wmf]
Objectives

• To create a model of a direct thermal cell and a geostropic wind.

• To interpret the results of similar experiments conducted by atmospheric researchers.

• To compare these models to the observed patterns of global circulation.
Write-up

Your write-up for this lab should include the following information:
1. Sketches and written observations to part 1

2. Attached overlays and written observations to part 2

3. Responses to the follow-up questions contained in this handout
As usual put a title on each section (e.g. Part 1 – Modeling Global Atmospheric Cycles), use complete sentence, show your work when making calculations, make sure you title and label all your sketches, and paste scans or photographs of your sketches in the document.  Do not send your photos or scans as files separate from your write up.
Procedure
Part 1: Modeling Global Atmospheric Cycles 

In this part of the lab you will construct and use a physical model of airflow for an entire hemisphere.  To accomplish this do the following...

1. For the first part of this experiment acquire a small amount of food coloring in a pipette.  Gently squeeze a single drop of the coloring into a beaker filled with ordinary tap water.  Observe and record what happens when you do this.  This step is important because it shows you how the coloring behaves in the absence of currents within the water.    Write a description of your observations that is at least three sentences in length.

	2. Assemble the dishpan apparatus as shown in figure 6.14.  When you fill the glass dish shown in figure 6.14 let it sit for a five minutes before placing the cup full of ice into the middle of the dish.  This will allow any currents in the water in the dish to slow down.  Once you’ve waited for this to happen, gently insert the metal cup full of ice into the water in the middle of the glass.  
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Figure 6.14 – Dishpan apparatus


3. While the apparatus is motionless, place a drop of food coloring halfway between the center canister and the edge of the glass dish.  After you do this watch the apparatus for about 5 minutes.  Record your observations by drawing the dish as seen from overhead, and then again as seen from the side.  Make sure to label the parts of your sketch and include arrows showing the direction that the food coloring moved inside the glass dish.  Also write a one-paragraph description of what you observed.  This description should discuss where the water rose, where it fell, how it traveled on the surface of the water, as well as how it traveled along the bottom of the dish.

Note - “Dishpan” experiments are notoriously temperamental.  So you may need to repeat this step several times until you see a clear-cut convection taking place.  Don’t proceed on to the next step until you see this happen.

4. After you have finished recording your observations for part 3, empty the dishpan apparatus and then refill the dish with water.  Let the water sit for five minutes so any currents in the dish will die out.  Next fill the metal cup with ice and then gently place it in the middle of the dish.  Then begin slowly rotating the stool on which the apparatus is sitting.  Describe what happens to the flow as you increase the speed of rotation.  As in step 3, record your observation using sketches and written descriptions.

Part 2:  Interpreting Atmospheric Cycles 


In this part of the lab you will be interpreting the results of dishpan experiments done by professional researchers.  The results are presented to you as drawings (Figures based on photographs of dishpans seen from the point of view of an observer who is rotating with the pan.  This is equivalent to someone watching the wind from the ground.  To interpret these drawings you’ll be drawing arrows on the diagrams indicating the direction of flow as seen by the observer and answer the following questions.  I’ll be talking about how to determine flow directions during the lab introduction video.

Follow-up Questions:

1.  What conclusions can you draw from part 1 about flow direction and the speed at which the stool underneath it rotated?  How does this experiment explain Geostropic winds in the upper atmosphere? 

2.  What conclusions can you draw from part 2 about the speed that a “dishpan” apparatus is rotated and the number of waves and eddies that appear in the pan?  

3.  Looking at the results of part 1 and 2, how do these results explain the behavior of both direct and indirect thermal cells? 

4.  What limitations do “dishpan” experiments have when it comes to explaining global circulation patterns?
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	Figure 6.15 – Dishpan apparatus rotating at     4 rpm (revolutions per minute).

Direction of main flow moves in the same direction as the pan rotation.

Main flows go entirely around the pan.

Waves are bumps in the main flow.  A circular flow like this one has zero waves since there are no bumps in the flow.

Eddies are flows that do not go around the center of the pan.  This example has no eddies.
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	Figure 6.16 – Dishpan apparatus rotating at     10 rpm (revolutions per minute).

Number of waves ______________

Number of eddies ______________
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	Figure 6.17 – Dishpan apparatus rotating at     12 rpm (revolutions per minute).

Number of waves ______________

Number of eddies ______________
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	Figure 6.18 – Dishpan apparatus rotating at     31 rpm (revolutions per minute).

Number of waves ______________

Number of eddies ______________
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