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Chapter 3: The Movement of Water in the Atmosphere
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What’s in air?

At sea level, air is composed largely of nitrogen (70%) and oxygen (21%) accompanied by traces gases such as carbon dioxide and methane, particulates, and water.  Water is perhaps the most significant of these minor components first because it is the only substance that appears in the atmosphere in a solid, liquid, and gaseous form (phase).   It can also readily change from one phase into another causing it to continually flow from the surface into the atmosphere and back again in a process called the hydrologic cycle.  This cycling of water is one mechanism by which excess heat energy is transferred from the equator to the poles, thus providing the earth with a means of regulating surface temperature. 

Basic Principles - Energy and the Behavior of Water


A idea that helps us to understand how water behaves in the atmosphere is that it exists in three phases (solid, liquid, and gas) within the range of temperatures found on the earth’s surface.  Figure 3.1 is a flowchart showing how water behaves when energy is absorbed or lost by it.   When water is in its solid phase (ice), its molecules have such a low average molecular velocity that they bond together tightly in a crystalline framework.   As long as the ice is colder that 0°C, the molecules can vibrate but they remain locked together.  As the ice absorbs thermal energy, the average velocity (temperature) of the water molecules is increased until they break free from each other and the ice melts.  Note - When water melts, the molecules are still bonded to one another, but they have a considerable freedom of movement.  At sea level it takes 80 calories of heat energy to melt 1 gram of ice, an quantity called the heat of fusion. During melting the temperature of the water does not change since all the thermal energy absorbed by it is going into melting.  However, once the water becomes a liquid its temperature increases 1°C for every 1 cal of heat absorbed by each gram of water.   As the water temperature approaches 100°C, the average velocity of molecules increases until they are able to break the remaining bonds and escape into the atmosphere.  In other words the water evaporates.  The amount of energy required to vaporize one gram of water, called the heat of vaporization, is 540 cal.  In the case of condensation (vapor to liquid) or freezing (liquid to gas) water loses heat to its surroundings.  One gram of water when it condenses will lose 540 cal to the air around it and 80 cal when it freezes.  In some instances, water will go directly from a solid to a gas phase without becoming a liquid.  This process called sublimation can be seen by hanging clothes out to dry in very cold, dry weather.  The water in the clothes will quickly freeze and then the ice sublimates over several days.

	Figure 3.1 - Phase diagram of water showing the amount of thermal energy needed to change water from ice, to liquid, to vapor and back again.  Thermal energy is expressed in calories (cal) and temperature in degrees Celsius.  These numbers are for water at normal sea level air pressure.  
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Water in the atmosphere


Evaporation, condensation, freezing, melting, and sublimation are major components of the hydrologic cycle.  Figure 3.2 shows how this works in a very simplified way.    The left side of the diagrams shows the hydrologic over section of ocean.   During an average year 320,000 km3 of water evaporates from the oceans.  As the vapor cools it condenses or even sublimates forming clouds, which eventually produce precipitation.   Generally the oceans lose more water via evaporation than they gain by precipitation.  The deficit is made up over land where excess precipitation collects in streams that flow into the ocean. 
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Figure 3.2 - A diagram showing the cycling of water from the earth’s surface into the atmosphere and back again (the hydrologic cycle).  This cycle is driven by insolation causing evaporation and uneven heating of the troposphere.





Water exists in the lower atmosphere as precipitation (liquid), suspended ice crystals (solid), suspended water droplets (liquid), and water vapor (gas).  At any given time and place the forms it appears in and the amount of each form, depends largely on air temperature and water supply.   High air temperatures allow considerable amounts of water to exist in a vapor form.  Cooling this same air reduces the amount of vapor that it can hold.  As a result gaseous water condenses forming dew, fog, clouds, and sometimes precipitation.  Surface air near or above oceans will tend to contain larger amounts of water than air which is above the center of large land masses, simply because there is more water being supplied to the atmosphere via evaporation over bodies of water than over land.  

Water Vapor in the Air (Humidity)


A measure of the amount of water in the atmosphere is humidity.  It is generally measured as either absolute or relative.   Absolute humidity is the weight of water vapor in unit volume of air.  For instance, if two liters of air had 10 grams of water vapor in it, its absolute humidity would be 5 grams per liter.  Relative humidity, on the other hand, is a ratio of the weight of water vapor in a volume of air at a certain temperature relative to the maximum amount, which that same volume of air could hold at the same temperature.  For example, if a volume of air at 20°C contains 10 grams of water vapor and it could contain up to 20 grams at the same temperature before the vapor began to condense, it has a relative humidity of 50% ((weight in the air ÷ maximum weight which could be in the air) x 100% ) Of these two measures, relative humidity is most often used by weather analysts and forecasters.   First, this is because it is the easiest to measure.  You can determine relative it using a modified thermometer or sling psychrometer.  Second, relative humidity is a more accurate indicator of whether or not condensation is taking place within the atmosphere at the place where it is being measured. Finally, it is a useful measure of human comfort.  A warm summer day having a high relative humidity will feel unbearably hot and “sticky” to a great many people, while an equally warm and yet drier day will feel less uncomfortable to the same people.   This is because when we sweat, we cool ourselves when water on our skin evaporates.  Our body heat drives the evaporation.  At high relative humidity, water evaporates slowly or not at all.


Another means of describing water in the atmosphere is dew point.   Dew point is the temperature to which a volume of air would need to be cooled for condensation to take place.  Knowing dew point is critical for predicting the formation of fog or dew.  Dew forms when moist air comes in contact with a cold surface (blades of grasses, car windows, etc.) causing the vapor in it to condense.  If the surface is below 0°C, the vapor will sublimate forming frost.  Fog and clouds form when air reaches its dew point.  In this instance, water vapor condenses or sublimates around small airborne solids (dust, salt crystals, etc.) called particulates.  In all of these instances, the dew point of a parcel of air is reached when its relative humidity becomes 100%.  For this reason, one of the instruments used to measure dew point, a sling psychrometer, is also used to measure relative humidity.  A sling psychrometer consists of two thermometers mounted on a swing able frame.  One thermometer has a porous cotton sleeve attached to its bulb, while the other thermometer does not.   To use a sling psychrometer you moisten the sleeve on the first thermometer (wet bulb) and leave the other (dry bulb thermometer) dry.  You then swing the psychrometer for a few minutes, causing the water on the wet bulb to evaporate.  When you finish, the wet bulb temperature will usually be lower than the dry bulb.  The difference between the two thermometers (the wet bulb depression or Td) will depend on the relative humidity (RH).  At 100% RH, Td will be zero since evaporation is not possible.  At RH lower than 100%, Td will increase as RH decreases.  In other words, Td for air with 10% RH will be greater than for air at 50%.  To actually determine RH and dew point you will use Ta and Td in conjunction with the tables on the following page.  The use of these tables will be explained in lab. 
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Figure 3.3 - Major parts of a sling psychrometer showing dry bulb temperature (Ta), wet bulb temperature (Tw), and wet bulb depression (DTd = Ta-Tw).  Relative humidity (%RH) is measured by determining Ta and DT.




Table 3.1 - Use in conjunction with a sling psychrometer to determine relative humidity
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Table 3.2 - Use in conjunction with a sling psychrometer to determine dew point temperature
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Lab:  Humidity and the Hydrologic Cycle
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Objectives


• To measure the current indoor and outdoor relative humidity.


• To measure the current dew point temperature.


• To produce a weather report with quantitative information.  
Write-up


Your write-up for this lab should include a copy of your team weather report, data tables and graphs for all experiments, and your responses to the follow-up questions.  As usual use complete sentences, title each section, and show any an all calculations.

Method 

Part 1 - Measuring relative humidity and dew point

Materials:   

Sling psychrometer and Tables 3.1 and 3.2 from this chapter

Procedure:

In this part of the lab you will be determine relative humidity and dew point using a sling psychrometer.  You will do this for both indoors and outdoors to see if there is a difference between the two.

·  Make a table for recording both indoor and outdoor relative humidity.  Your table should have columns labeled Ta (air temperature), Tw (wet bulb temperature), DT (wet bulb depression), %RH (relative humidity), and DPT (Dew point temperature).  All columns and rows in your table should be labeled, and the table should have a title.

To measure indoors humidity and dew point temperature
· Measure Ta using the dry bulb thermometer on the sling psychrometer.  

· Saturate the cotton gauze at the base of the wet bulb thermometer by immersing it in room temperature water.  The gauze should be thoroughly wet, but not dripping.  If it is over saturated, gently squeeze the excess water out.

· Holding onto the handle, swing the psychrometer over your head for 2 full minutes.  Stop and then quickly read the temperature shown on the wet bulb (Tw).

· Calculate the wet bulb temperature depression (Td) using the formula

DT =  Ta -Tw     record this value in your table

· Refer to the Table 3.1 to determine the current %RH.  This is done by finding both the dry bulb temperature and wet bulb depression along the edges of the table.  Relative humidity is found where the two numbers meet.  

· Refer to Table 3.2 to determine the current DPT.  This table works just like Table 3.1.  Make sure to record your results in your table.

To measure outdoor humidity and dew point temperature, return to the “station” your observation team chose for making weather observations for the first lab.  Measure the humidity and dew point at that site using the same procedure you used for measuring indoor relative humidity.  Record your data and the calculated values for in your table.

Part 2 - Measuring dew point temperature - An alternate approach

Materials:



Metal cup, thermometer, beaker of ice, and tap water.
Procedure:

In this part of the lab you will measure dew point temperature using a metal cup, ice, water, and a thermometer.  Though this is a highly inaccurate method, it does give you a very visual demonstration of condensation and dew point.

· Before beginning your measurements make a table for recording your results.  This table should include spaces for recording air temperature (Ta) and condensation temperature (DPT) both indoors and outdoors.  Make sure all columns and rows of the table are labeled, and that you have a title for the table.
To measure the indoor dew point temperature

· Fill a metal cup halfway with cold water.

· Measure the current air temperature and record this data in your table. 

· Measure the temperature of the water and record this data in your table.

· Place 5 ml of ice into the water.  Stir the water ice mixture with the thermometer until the ice has melted.

· Repeat the previous step until you see water begin to condense on the outside of the cup.

· Quickly measure the water temperature and record it in your table.  This number is the dew point temperature.

To measure the outdoors dew point temperature, repeat this same procedure outdoors.  Record this value in your table.

Part 3 - Daily weather report


In this section you will get together with the same team you worked with two weeks ago to compile a weather report.  Unlike the first time, your report will contain some quantitative information (%RH and DPT).

· As an observation team, select a new station site for recording your observation.  Record the location on the provided map (figure 3.4).

· This time include compile a team report which includes general (qualitative) observations about at least four weather elements, current air temperature, relative humidity, and dew point temperature. Every person in your team should measure Ta, %RH, and DPT.  Your team report should include these values for each person and an average.  In other words, you should also calculate and record average Ta, %RH, and DPT.


ST - Science technology

	
	


Part 4 - Follow-up questions and problems

1. How did the relative humidity indoors compare to the outdoor humidity?  If there was no significant difference, explain why this might have been so.  If there was a significant difference explain why.

2. Compare your average outdoor Ta, %RH, and DPT to that recorded by the PCC weather station.  How are they different?  What is the cause of this difference?

3. Figure 3.5 shows temperature and relative humidity for a clear January day.  What is the relationship between the two?  Why does humidity change differently from temperature?
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	Figure 3.5 - Air temperature and relative humidity for January 15, 2002.  Recorded in northeast Portland, Oregon




4. Using the numbers provided in table 3.3 calculate the relative humidity (%RH) for the three parcels of air shown in the table.  

% RH =                 wt. of water in the parcel at  a given temperature                       x 100%



   Maximum wt. of water the parcel can contain at that same temperature

Next graph %RH for each parcel as a function of its temperature.  To accomplish this begin by drawing a graph that has relative humidity on the y axis (the axis should go from 0 to 150%) and temperature on the x axis (this axis should go from -5°C to 20°C).  See Figure 3.6 to see how this graph should look.  After you have completed the graph plot the %RH for each parcel.  You’ll have five points per parcel, one point for each temperature. 

Finally connect each set of five points for each parcel.  Each curve represents how %RH changes with temperature.  These lines will enable you to determine the dew point or frost point for each parcel.  Since both are defined as the temperature at which a parcel of air reaches 100% relative humidity, you’ll be able to determine the dew or frost point of each parcel by looking for the temperature that its curve crosses the line for 100% relative humidity.  If this point is above 0°C the parcel the parcel reaches its dew point and fog is produced.  If the parcel reaches 100% RH at a temperature below 0°C then frost is produced and the parcel has a specialized type of dew point known as a frost point.

Table 3.3  - Relative Humidity of Three Parcels of Air
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 Figure 3.6 - Relative Humidity (%RH) vs. Temperature      
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