Lesson 1
The Earth’s Atmosphere

Objectives:


By the end of this lesson, students will be able to:

1. List the major permanent and variable gases in the earth’s lower atmosphere and their approximate percentages by volume. 
2. Explain the importance of the variable constituents in the atmosphere, including the role that water vapor plays in atmospheric processes.
3. Define the thermodynamic variables: pressure, density and temperature.  Know their dimensions and units.
4. Sketch and explain the atmosphere’s vertical temperature, pressure and density profiles.
5. Explain the use of radiosondes in taking atmospheric measurements.
6. Define the elements of weather

7. Explain the difference between weather and climate.
8. Understand meteorological conventions for winds. 

I.
Atmospheric Structure
A.
Atmospheric composition

1.
The atmosphere is composed of both permanent and variable gases.  

a.
The most plentiful permanent gases:                                               . 

b.
Important variable gases:                                                                 .
c.
Table 1.1 lists these gases and their percent composition (by mass) in the lower atmosphere.

Table 1.1 The composition of gases in the lower atmosphere.



Constituent

Symbol

% by vol
Mol wt (g/mole)


Nitrogen

  N2

    (78

    28




Oxygen

  O2

    (21

    32




Argon


  Ar

     (1

    40




Carbon Dioxide
 CO2

  (0.035    
    44




Ozone


  O3
            (0.000012
    48




Water Vapor

  H2O

 (0 to 4
    18


B.
Importance of Water vapor 

1.
Water vapor concentration is quite variable. The amount of water vapor found in the lower atmosphere may vary from almost zero to around four percent in space and time. 

2.
Water can exist in all 3 phases (solid, liquid, and gas) in the atmosphere.  

a. When water vapor changes phase, a specific amount of energy, called latent heat, is required to accomplish this phase change.  This plays an important role in convective weather development (i.e. thunderstorms and hurricanes). 
3. Water has a high specific heat capacity.  

4. Water vapor is an important “greenhouse gas”.

C.
The atmosphere’s vertical structure 

1.
Due to the force of                        acting downward on the earth’s atmospheric constituents, most of the atmosphere exists near the surface of the earth.  
a. Atmospheric Pressure (Force / Area) and Atmospheric Density (mass / Volume) are largest at the earth’s surface, and decrease rapidly with height (see figures 1.7 and 1.8 in text).
“An average column of air 1 square inch in cross section, extending from the average height of the ocean surface (sea level) to the “top” of the atmosphere has a pressure of 

                                                    .”
2. Atmospheric Temperature variation with height (figure 1.9 in text)
a. Decreases with height in the lowest 10 km (Troposphere)

i. Lapse Rate = - dT/dz = -(Ttop - Tbottom)/(( z)
ii. positive lapse rate in the troposphere

iii. Average tropospheric lapse rate:  6.5oC/km
b. (Mostly) Increases with height from 10 – 50 km (stratosphere) 
i. negative lapse rate in the stratosphere – “inversion”

ii. Ozone exists in the stratosphere

c.                                      - the boundary between the troposphere and the stratosphere.

i. The                                      (a core of high velocity wind) is located in the vicinity of the tropopause.

3. Vertical structure of the atmosphere is measured using                          .
a. Instrument package attached to a large helium filled balloon

b. Data is collected as the radiosonde rises through the atmosphere

Team Study Questions (see Chapter 1 for guidance on answers)
1. Give an example of:

a. the concentration of atmospheric water vapor varying in time at one specific location.  

b. the concentration of atmospheric water vapor varying from location to location, at a given instant in time.

2. Why is the fact that water has a high specific heat capacity important in meteorology?

3. Define the formulas and MKS units for the following meteorologically important quantities.

	
	Formula
	MKS unit

	Weight


	
	

	Density


	
	

	Force


	
	

	Pressure


	
	


4. Give equivalent expressions of the average atmospheric surface pressure (14 lb/in2) in units of:

Pascals (Pa)

Hectopascals (hPa)

Bars

Millibars (mb)

Atmospheres (atm)

Millimeters of mercury (mm Hg)*

Which of the above are commonly used for pressure units on weather maps?

*Note that this is a reading of the level of mercury in a barometer – it is not a true “force per unit area” measurement.

5. List and define the 7 elements of weather.

6. What is the difference between weather and climate?

7. For the radiosonde:
a. What instruments does it carry, and what weather element data does each collect?

b. What times of the day are they launched?  Why is it important that they are launch at the same times all over the earth?
c. How can vertical profiles of the atmosphere be obtained in regions where radiosondes cannot be launched?

8. Answer the following about wind:

a. Define wind.

b. What are the two components of wind?

c. How is wind direction defined?  i.e., “the wind is east at 5 knots” means what?

d. Sketch a realistic wind field around a surface high pressure system and a surface low pressure system using wind barbs:
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