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Chapter 5: The Movement of Air in Atmosphere 

Like the movement of water in the atmosphere, the uneven heating of the ground and atmosphere produces air movements by the sun.  In the case of air, uneven temperatures produce differences in air pressure, that in turn produce wind.  In this chapter we will investigate what air pressure is, how to measure and map air pressure, wind speed, and wind direction, how differences in air pressure produce wind, and different types of winds.

Basic Principles - Energy and the Behavior of Air

Before looking at air pressure as it relates to meteorology, consider some basic physics.     


Air pressure is the force that moving air molecules exert on any surface when they collide with it.  For instance at sea level, air customarily exerts a force of 14 pounds on every square inch of your skin.  Air pressure is determined by gas density and temperature.  This relationship will be illustrated in lecture using a live demonstration of air in a plastic syringe.  The air can be compressed or expanded by pulling the plunger in or out.  This will change the volume, which will in turn change the gas density (density is mass divided by volume).  The air in the syringe can also be cooled by placing it on a block of dry ice which is at -76°C.   

Use the blank space below for writing down some general rules about the relationship between gas pressure, volume, and temperature based on what you see in the demonstration.  This will be demonstrated in lecture.
The air pressure / volume / density relationship will also be illustrated using a computer simulation of heating and cooling air in an open container.  

Use the space below to write down some general rules based on the simulation.  What is the difference between the demonstration this simulation and the previous demonstration?  This is differences other than they use different equipment or that one is live and the other one is on the computer.

Air pressure and meteorology
Here are some basic ideas to beginning connecting what you just saw in the demonstration and the simulation on the previous page with the larger world of weather.

1) Differences and changes in air pressure are produced by the uneven heating of the earth’s surface and the atmosphere.  As air in the atmosphere warms it expands and becomes less dense.  As it cools it contracts causing it to become denser.

2) Areas of high surface pressure appear where cooling air descends, while areas of low pressure appear where air is rising.  Why is this?  Which of the two situations described on the previous page (the demonstration or the simulation) is the best example of this idea? 

3) Specific types of weather are often associated with both surface highs and lows.  Areas of high pressure are often clear, because contracting air is warming causing its relative humidity to drop.    Areas of low pressure are frequently cloudy, since rising air expands and cools, which raises its relative humidity.  
Some tools for measuring air pressure

	A Mercury Barometer is a mercury filled tube sealed at one end and open at the other.  The open end of the tube is placed into a mercury reservoir that is open to the atmosphere.   Increasing air pressure pushes down on the mercury in the reservoir causing it to rise in the tube.  Decreasing pressure allows the mercury to rise in the pools, causing the mercury in the tube to fall.

An Aneroid Barometer is a sealed, air filled chamber (diaphragm) which contracts as air pressure increases and expands as air pressure decreases.

A Barograph is an aneroid barometer that continuously records air pressure in either analog form (on a piece of paper) or digitally (sends its readings to a computer.
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Units used for measuring air pressure

In meteorology air pressure is measured in millibars (mb), kilopascals (kp), or inches (in.) of mercury.  Most media weather forecasters in the United States and the United Kingdom talk about air pressure in inches of mercury.  However, many forecasters and most atmospheric researchers use millibars or kilopascals.  In this course we use millibars.  To translate the air pressure as you frequently hear it in the news into millibars, multiply pressure in inches by 33.865 mb / in.


On average, sea level air pressure is 1012.1 mb (29.92 in).  Customarily pressure at any one location can vary from 980 or 1050 mb.  In extreme circumstances air pressure can be as low as 870 mb or as high as 1084 mb.  

Weather forecasting and barometers
	            Changes in air pressure are good indicators of approaching weather.  Increasing air pressure indicates fair weather, while decreasing air pressure indicates increasing cloudiness.  A device called a “Weather Glass” is a curved, water filled bottle in which the water level rises on falls as the surrounding air pressure rises and falls.  This general rule of thumb is also one of the reasons why many dial type aneroid barometers are labeled with fair and stormy in addition to having numbers for pressure on their dials.
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Figure 5.2 – A Weather Glass (left) and a dial type Aneroid Barometer (right)


Mapping air pressure

Air pressure is generally mapped as variations in surface sea level air pressure (Isobaric map) or the elevation of a pressure surface (Upper altitude air pressure map).  An isobaric map (Figure 5.3) is a map that shows surface air pressure for a selected region at a specific date and time.  Isobaric maps use lines called Isobars to show sea level air pressure.  An isobar is a line of equal pressure, which means that all the weather stations located on a single isobar would measure the same air pressure if they all took their readings at the same time.  An area on the map that is completely enclosed by isobars is called a pressure center.  If pressure decreases as you move into the center, it is a low-pressure center.  If pressure increases, it is a high-pressure center.  It is important to note that all of the pressure readings used to compile an isobaric map must first be adjusted to sea level to correct for pressure differences resulting from the different altitudes of the reporting stations.
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Figure 5.3  - A simplified isobaric map of a portion of the northern hemisphere.  low-pressure centers are designated “L”, high-pressure centers “H”.  The units on the map are in millibars of pressure.

An upper atmospheric map is a map that shows the altitude of a specific air pressure at given date and time. This altitude is often called a pressure surface.   Figure 5.4 shows the elevation of a 500 mb surface.  This means that the map is showing you how far above sea level you would need to climb to obtain a pressure reading of 500 mb.  Generally, in the warmer air to the south elevations are high, while in the colder air to the north elevations are low.  However, this is not a consistent trend.  As you can see the contours bend.  Where they bend toward the pole, a ridge appears in the pressure surface, where they dip toward the equator, a trough appears.    Air beneath the ridges tends to be warmer than air beneath the troughs.  Maps of this type are often used to determine upper airflow, which is an important piece of information for predicting storm movements and making accurate weather forecasts.
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Figure 5.4  - A 500 mb map of a portion of the northern hemisphere. The units on this map are in meters above sea level.
Air Pressure and Winds 

Three terms that we’ve used in this chapter are wind, airflow, and atmospheric circulation.  Though their meanings may seem obvious, it is necessary before going ahead to clarify what meteorologists mean by these terms.  Wind is essentially the movement of air relative to earth’s surface.  As you’ll find out as you read on, we can talk about surface winds or upper atmospheric winds.  Though the same forces drive both, they can behave quite differently due to the differences in the environments in which they appear.  Airflow, on the other hand, includes both the horizontal and vertical movement of air.  Wind is largely horizontal airflow, though many winds also have a vertical component.  Atmospheric circulation is a more comprehensive way of looking at wind and air flow, since it involves air circulating between air of high and low pressure.
Factors that produce and influence winds

Wind is caused by differences in air pressure.  If one location has a higher air pressure than another nearby location, air will flow from the one having the higher pressure to the one having the lower.  The greater the pressure difference (Pressure gradient force or PGF) the faster the air will flow.  As you will discover in the lab at the end of this chapter, wind direction and speed for a location can be estimated using an isobaric map, since pressure gradients can be readily seen on this type of map.  


Wind direction is influenced by the earth’s rotation.  As air moves over the earth’s surface, the earth turns underneath it.  So even though a balloon drifting with the wind would appear to someone watching it from space to be moving in a straight line, it would seem to be moving in a curved path to someone watching it from the ground.  This effect called the Coriolis force (CF), causes moving air in the northern hemisphere to deflect to right and to the left in the southern hemisphere.  The magnitude of the Coriolis effect depends on latitude and wind speed.  As wind speed increases, so does CF meaning that the greater the faster the wind, the more it is deflected.  Furthermore, CF also increases the closer you are to the poles.  CF is effectively zero at the equator.

Wind speed and direction at the earth’s surface are also influenced by friction and topography.  Air flowing over the ground experiences a frictional drag that slows it down.  Because friction decreases the more you move up from the surface, wind speed tends to increase with altitude.   This decrease in friction that winds at higher altitudes with move in different directions than they do at the surface, in large part because Coriolis force has a larger influence on wind direction than does friction.  Toward the top of the troposphere, winds are steered largely by Coriolis force, since friction is negligible.   


In lecture we will look at several models for explaining wind direction and movement.  These will depend on understanding vector diagrams (5.5).  A vector diagram is graphical portrait of the forces acting on a body.  In this portrait, vectors (these are the arrows in the diagram) represent the forces that are pushing on the body.  These vectors represent both the magnitude and the direction of each force.  The length of the arrow represents the magnitude, while the direction of the arrow corresponds to the direction in which the force is action.  For instance if you are in a wagon being pushed by a friend, the force of your pushing is represented as an arrow of a certain length pointing in the direction in which they are pushing (Figure 5.5a).  A longer arrow represents a harder push (Figure 5.5b).  If they stop pushing the arrow disappears.  If someone suddenly jumps in from of you and start pushing the other way, the arrow reverses (Figure 5.5c).  Since the wagon is experiencing friction, a more accurate picture of the forces acting on you would include both the push given to you by your friend (F) and the friction (f) between the wagon and the ground (Figure 5.5d). In the last case friction is acting in the opposite direction that your friend is pushing you.  The result is that F is diminished by f producing a resultant force (R).  A vector diagram explaining the wind would look something like Figure 5.5d but would be complicated by the fact that you have at least three primary forces (PGF, CF, and f) acting in as many three directions.  While we won’t get into the mathematics behind vector diagrams in this class, it is important to understand that the speed and direction of the wind is a result of how these three forces add to or subtract from one another. 
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Figure 5.5 - Vector diagrams of forces acting on you in a wagon.  F is the force exerted by your friend, f is friction, and R is the resultant force.


Figures 5.6 and 5.7 shows wind directions at the earth’s surface and in the upper atmosphere.  Look at how winds move relative to the contours.  What is the difference?  In lecture we will use a computer simulation of wind to explain these difference.   This simulation will involve making vector diagrams of wind moving at the earth’s surface and in the upper atmosphere.
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Figure 5.6  - Surface air pressure and wind direction for a portion of the northern hemisphere. 
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Figure 5.7  - Winds at the 500 mb surface for a section of the northern hemisphere

Tools for measuring wind speed and directions

	A Wind vane is essentially a plate attached to a vertical shaft.  The plate is free to swing horizontally around the shaft making it useful for determining wind direction.  Because of the design of most wind vanes, wind direction is generally defined as direction air is flowing from.

 A Windsock is a cone shaped cloth bag that is open at both ends.  One end of the bag is attached to a pole so that it is free to rotate.  Like wind vanes, windsocks are used for determining wind direction.

 A swinging-plate anemometer is used for determining both wind speed and wind direction.  This tool measures speed with a swinging plate suspended from an axis. The plate swings vertically in a quarter-circle across a plate-like gauge, as the wind blows against it.  Since the gauge swings about a vertical axis the anemometer also indicates wind direction.

A Cup anemometer is a series of small cups attached to a freely rotating vertical shaft. The shaft is usually connected to a generator or sensor that converts the movement into an electric current which is eventually translated into wind speed.
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Figure 5.8  - From top to bottom, wind vane, windsock, swinging plate anemometer, and cup anemometer.


The Beaufort scale is a set of visual indicators used for estimating wind speed.  A copy of the Beaufort scale and instructions for using it are included at the end of this chapter.

Scales used for measuring wind direction and speed
As mentioned earlier in this chapter, wind direction means where winds come from, rather than where they are going.  For this reason, wind direction is most often expressed in terms of compass direction.  For instance a north wind means wind coming from the north.  Since winds frequently change direction, reported wind directions are really prevailing directions for a set period of time.  To understand this idea, look at the wind rose diagram in figure 5.9.  This diagram is essentially a frequency diagram of wind directions measured at regular intervals for a period of time such as an hour.  The longer the “petal” of the rose, the more frequently the wind blew from that direction during the measuring time.  In other words the wind direction was generally north during the 1 hour of measurement.
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	Figure 5.9  - Wind rose diagram in which the prevailing wind direction is north.  


Wind speed is generally measured in kilometers per hour, miles per hour, or knots.  While knots is often used by pilots and marine navigators, miles per hour (mph) is much more common among weather observers and forecasters in the United States.  Kilometers per hour (kph) is much more common in these rest of the industrialized world.  The mathematical relationship between these measures is as follows.

1 kph = .62 mph = .53 knots

Wind types and formation
Exercise 5.2

In this exercise we will look at several animations depicting different types of wind to determine their behavior and means of formation.  These animations will be presented 

in lecture.  Your task will be to write a brief statement and draw a diagram explaining how each type operates and what causes it.

Case 1 - Land/ Sea Breezes                                                                                                                                                                                                                                                 
Description

Diagram

Case 2 - Mountain/ Valley Breezes                                                                                                                                                                                                                           

Description

Diagram

Case 3 - Cyclonic Flow                                                                                                                                                                                                                                  

Description

Diagram

Case 4 - Prevailing Winds                                                                                                                                                                                                                

Description

Diagram
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Lab: Air Pressure and Winds 
[image: image12.wmf]
Objectives

• To determine the current air pressure, wind speed, wind direction, and other weather conditions at PCC.

• To analyze an Isobaric map to determine how wind speed/ direction and cloud cover relate to air pressure.
 

Write-up

Your write-up for this lab will be packet that will contain the following items…
• A team weather report (Part 1). 
• A table of weather conditions for the eleven cities listed in Part 2.
• Responses to the follow-up questions found in this handout.
As usual make sure to title each section (e.g. Part 1 – Weekly weather report), use complete sentences, and show any and all calculations.   If you use a spreadsheet, make sure to show all formulas used in your calculations.
Procedure

Part 1:  Weekly weather report


In this part of the lab you will be doing your weekly weather report.    This weeks report should include a significant amount of quantitative information using all the skills you have learned thus far.   Begin as usual by selecting a place on campus to do your observations.  This time think carefully about your choice since you will be observing eight different weather elements.  You will need to select more than one place to do your observations from since no one place will be appropriate for every measurement.

ST - Science technology

	
	


The measurements you will need to include in your report are...
	Air temperature (AT)
	Cloud cover (%CC)
	Air Pressure (AP)

	Relative humidity (%RH)
	Cloud type (CT)
	Wind direction (WD)

	Dew point temperature (DPT)
	
	Wind speed (WS)


Note:   Every team member should measure %RH, dew point temperature, and air temperature.  For your team weather report determine the average of each of these values for every member of the team.  As a team you will be determining speed and wind direction using the procedure explained below.  You will also be estimating wind speed using the Beaufort scale on the previous page.  Each team member should make their own estimate and describe the indicators that they used to come their conclusion.
Measuring and analyzing wind speed and direction:



To make your team observations use a wind gauge to determine the wind speed and direction every 30 seconds for 15 minutes.  Work in pairs to do this.  One person holds the gauge, while the other reads it and records speed and direction.  Takes turns doing this so the same two people in your observation team don’t have to measure for the entire 15 minutes.  Record this information in the space provided below (Figure 5.11).


Once you have completed recording wind speed and direction for 15 minutes determine the maximum wind speed measured during that time and calculate average wind speed.  Ascertain the prevailing wind direction by plotting the frequency of wind directions on the wind rose graph found on the data form.  A wind rose graph is a device used for showing how wind direction changes during a given time period.   To use it determine the number of times that the wind blew from each of the compass directions shown on the graph.  Once you have done this, draw lines out from the center of the diagram along each of the directional spokes that represents the number of times that the wind blew in each direction.  For instance, if the wind came from the north 5 times during a 15 minute time period you would draw a bold line beginning at the center of the graph which would extend out 5 units along the spoke labeled “N”. 
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	Figure 5.11 – A graph for drawing your wind rose diagram.  One division on this graph (the distance from one ring to the next) represents two instances that the wind is coming from that direction.


Follow-up Questions:
1. Why did you choose the locations you did to make your observations?  Be specific.  You had eight weather elements you were working with.  Explain the suitability of each element for each location.

2. How did your observations compare to those recorded by the PCC weather station?
3. What do you think accounts for the difference?
4. How did your observations and those from the PCC weather station compare to the station records from the previous day at the same time?

Part 2:  Interpreting Air Pressure Maps and Satellite Photos


In this part of the lab you will be using the media for the lab that is linked to the course web page.  The operation of this media will be explained in the lab introduction.  This media contains both isobaric maps and stylized satellite images for the United States for both April 1st and 2nd 1982.  You’ll be using the isobaric maps to determine air pressure, wind speed, and wind direction for eleven cities.  You’ll use the satellite images to estimate cloud cover for each of these cities.  Wind speed and cloud cover will be qualitative estimates, while wind direction will be in terms of compass direction and air pressure will be numerical estimates.  You will be recording your data in Table 5.1 at the end of this handout.

To determine air pressure:

· Once you launch the media point move the cursor over each station to identify it.  
· If the station falls on an isobar record the value of that isobar in the column for air pressure in Table 5.1.
· If the station does not fall on an isobar look at value of the isobars on either side of it.  Estimate the air pressure for that station by using its relative position between the two isobars.  For instance if a station lies halfway between 1004 and 1008 millibars, its air pressure should be 1006 millibars.
· To change the date of the map, use the date / map controller in the lower left hand corner of the screen.
To determine wind speed:

· For each date select “surface map” from the date / map controller.
· Move the cursor over each station to identify it.
· Determine if the spacing of the isobars surrounding the station is small or large.  If it is large, wind speed is slow.  If it is small, wind speed is fast.  Isobars having intermediate spacing mean that the wind speed at a station will be medium.    Record your estimate in the column for wind speed in Table 5.1.
· Note – There are a few instances where wind speed will be negligible.  In these place isobars around a station will have wide spacing and the station will be locating in a place where air pressure drops on all sides of the station.
To determine wind direction:

· To simplify this step select “surface map” rather than “Map / Satellite image”.  This will reduce the visual clutter of the map.
· For each station, click on it and a force diagram for surface winds will appear.  Though this diagram is not to scale (I will explain what this means in the follow-up questions) it is oriented correctly.  Each diagram is a vector diagram showing the direction of the forces that produce and steer the winds at that station.  It also contains an arrow showing you the direction of the airflow resulting from those forces.  
· Using the force diagram and the compass in the upper right hand corner of the screen determine the wind direction for that station.  Remember, wind direction means where the wind is blowing from, rather than where it is blowing.  
To estimate cloud cover:

· For each date select “Map/satellite image”

· Move the cursor over each station to identify it and estimate the cloud cover over that station in terms of “clear”, “cloudy”, or “partially cloudy”.

· Record this data in the “Cloud cover” column in Table 5.1.
Table 5.1 – Weather conditions of two U.S. cities on April 1 and April 2 1982
	
	April 1, 1982
	April 2, 1982

	City
	AP
	CC
	WS
	WD
	AP
	CC
	WS
	WD

	Portland OR (PDX)
	
	
	
	
	
	
	
	

	San Francisco CA (SFO)
	
	
	
	
	
	
	
	

	Denver CO (DCO)
	
	
	
	
	
	
	
	

	Omaha NB (ONB)
	
	
	
	
	
	
	
	

	St. Paul MN (SPM)
	
	
	
	
	
	
	
	

	Chicago IL (CIL)
	
	
	
	
	
	
	
	

	San Antonio CA (SAT)
	
	
	
	
	
	
	
	

	Miami FL (MF)
	
	
	
	
	
	
	
	

	Washington DC (WDC)
	
	
	
	
	
	
	
	

	Portland MN (PDM)
	
	
	
	
	
	
	
	


Follow-up Questions:
1. Though air generally flows from high to low pressure, why is it that the airflow and pressure gradient for each of the stations that you looked at go in different directions?   

2. The legend for the force diagrams in the media for this lab says the vectors are not to scale.  This means I got lazy and drew all the diagrams the same size.  If the diagrams were drawn correctly, how would the diagram for a station where wind speed is low compare to the diagram for a station where the wind speed is high?

3. How do surface high and low-pressure centers correspond to cloud cover?

4. Forecast the weather for Chicago on April 3 if the pressure center located above Montana on April 2 were to move southeast over that city on April 3.

5. Forecast the weather for Miami on April 3 if the pressure center located near Denver were to move over Miami on April 3.
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