EAS 345 Lab 3

PRECIPITATION, DISCHARGE, AND WATER VAPOR
Introduction.
The following notes contain some of the important equations needed to determine the amount of vapor in the atmosphere and the potential amount of precipitation. This difficult lab is essential because water vapor in the atmosphere is the ultimate source for stream flow and floods. For more information and illustrations about water, see the PowerPoint Presentation on Water
The amount of water vapor in the atmosphere is usually expressed as a fraction of the amount of air. This makes it necessary to have equations for the amount of air.

Pressure and Weight. The mean pressure of the atmosphere at sea level is 101325 Pa (pascals) (about 14.5 pounds per square inch). Pressure, p equals Force, F divided by Area, A. The force of the atmosphere due to the weight of air is, mg (m = mass, g ( 10 m s-2 = the acceleration of gravity). Since this is equal to the pressure of the atmosphere multiplied by the Area, we have,
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The mass of a column of the atmosphere 1 m2 in area is, m/A ( 104 kg m-2. It is useful to work with vertical columns of air (or water) since we often want to solve for depth of water.
Density (() is mass divided by Volume, V and Volume is Area times height, so,
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Therefore, the mass in a column of area, A and height z is,
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5
Hydrostatic Equation. To find how pressure changes with height, we combine the equation relating pressure and weight with the equation of density to get the hydrostatic equation,
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__________________________________________
Example 1: The height where p = 850 hPa (850(100 Pa) is z = 1500 m. Find the height where p = 700 hPa if the mean air density is 0.85 kg·m-3. Draw a picture showing these levels relative to sea level.
To solve this problem solve the hydrostatic equation for z and then add the height of the 850 hPa level. Note that p = 70000 - 85000 = -15000 Pa.
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_______________________________________

Ideal Gas Equations. The relation between pressure, density = ( and temperature = T for dry air is given by the ideal gas equation (where Rd =287 is the gas constant for dry air),
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___________________________________

Example 2: Calculate the density of dry air at standard temperature and pressure (at STP, T = 0ºC, p = 105 Pa). Remember to use Kelvin Temperature and solve the ideal gas equation for density, .
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______________________________________
Example 3: Calculate the ratio of the density of fresh liquid water to the density of dry air at STP to the standard density. The standard density of fresh liquid water is, H2O = 1000 kgm-3.
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So, liquid water is roughly 800 times denser than dry air near sea level.
______________________________________

Measures of Vapor.  The vapor content of the air can be expressed as relative humidity (RH), vapor pressure (e), vapor density (v), mixing ratio (w), dew point temperature (Td), and wet bulb temperature (Tw).


[image: image9.emf]Table 5  Humidity terms, their symbols and meanings.   Humidity Term  Symbol  Meaning   Relative Humidity  RH  Vapor in air divided by vapor air can hold   Saturation  s  Vapor capacity at equilibrium   Mixing Ratio  W  Mass of vapor in air divided by mass of dry air   V apor Pressure  e  pressure exerted by vapor molecules   Dew Point Temp  T d  Temperature at which condensation begins in cooling air   Wet Bulb Temp  T w  Lowest temperature air can be cooled to by evaporation    

Relative Humidity is always expressed as a percentage. It is the best term for describing how humid the air feels. A number of hygrometers measure RH by using its effect on different materials. The simplest hygrometers consist of chemically coated papers that change color as the RH rises. Electrical hygrometers are used in radiosondes to determine humidity above the ground. The hair hygrometer connects a strand of stretched hair to a dial that turns as RH changes, because hair stretches about 2% as RH increases from 0% to 100%.

When RH is below 100% fresh water will evaporate. (Salt particles can remain wet or deliquesce at values of RH down to about 70%). When RH = 100%, we say the air is saturated with vapor. Saturation means that the vapor is in equilibrium with liquid water. When RH is above 100%, the air is supersaturated. Excess vapor will rapidly condense or crystallize on cloud droplets, ice crystals, or aerosols.

On most days, RH is highest around dawn and lowest in mid afternoon. As temperature rises during the day the vapor CAPACITY increases, but the CONTENT may not change at all. Thus the ratio, RH = CONTENT/CAPACITY decreases. For the same reason, RH is extremely low indoors during winter unless vapor is added to the air. Even if RH is high outdoors, the cold air can hardly hold any vapor. When this air comes indoors, its capacity increases as it is heated, so RH decreases.

The Relative Humidity equals the ratio of the air's vapor content to the vapor capacity at saturation. In generic equation form,
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Dew Point Temperature, Td is the temperature at which the air becomes saturated with water vapor if it is cooled without adding vapor (no evaporation). Dew and clouds first appear when the air is cooled to the dew point. Further cooling produces excess water or ice that can fall to the ground as precipitation. Td is an indirect measure of the amount of water vapor in the air.
Wet bulb temperature, Tw is the temperature at which the air becomes saturated with vapor when it is cooled by evaporating (adding) water.
Vapor Pressure: Water vapor molecules exert a pressure (e) in the atmosphere, which is also given by the ideal gas equation,
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6
The vapor pressure of saturated air (esat) depends only on Temperature. At T = 0ºC, the saturated vapor pressure is 610.8 Pa or 0.6% of mean sea level pressure. At all other temperatures, esat increases exponentially with Temperature and is closely approximated by the exponential function,
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This is graphed on the next page. (Note that the second e is the exponential, not the vapor pressure (Sorry for the redundancy). The equation for esat is long because we must evaluate Lm, the weighted mean of the latent heat, given by
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The subscript, evap, represents the latent heat of evaporation, the transition from liquid (even if it is supercooled) to vapor. The subscript, sub, represents the latent heat of sublimation, the transition from ice to vapor. This latent heat of sublimation is greater because ice molecules have less energy than liquid molecules, so it requires even more energy to free the molecules to the vapor state. As a result, below 0ºC there are two values for esat, a larger one for supercooled liquid and a smaller value for ice.
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_______________________________________________________________________________
Example 4: Calculate the saturated vapor pressure for T = 10ºC.
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_______________________________________________________________________________
The equations for vapor pressure show that the vapor capacity of air roughly doubles each time T increases by 10(C. Because of this simple relation and because the equations needed to find esat are long, a simpler but less accurate equation for saturated vapor pressure (good to use on a test) is,
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9
Recall that Relative Humidity is content divided by capacity, or observed vapor pressure divided by saturated vapor pressure. Thus, to get the vapor pressure of unsaturated air, multiply esat by RH.
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Mixing Ratio, w. The mixing ratio, w is the mass fraction of water vapor in the air. It is often expressed in parts per thousand (‰) or grams per kilogram and is given by
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The Table below shows saturated values of mixing ratio, wsat (at p = 105 Pa), vapor density, vsat (g cm-3) and vapor pressure, esat as a function of temperature. Note that each has two different values at temperatures below 0°C, as mentioned above – one for supercooled liquid and a smaller one for ice.
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_____________________________________________________________________________

Example 5: Find the mixing ratio of saturated air at 0ºC when A: p = 105 Pa and B: p = 5(104 Pa.
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_______________________________________________________________________________
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Vapor begins condensing once the air cools to the point of saturation. As the air continues cooling only the excess vapor is forced to condense so it remains saturated. The mass of vapor that condenses in each kilogram of air is equal to the change of the mixing ratio. If, for example, 1 kg of the Saharan air described above were transported to Antarctica and chilled to -20°C, then the mixing ratio would decrease from 0.996 g to 0.785 g, so that 0.211 grams of vapor would condense. All computer weather forecasting models predict the amount of precipitation in this way!

Precipitable Water, W. The mixing ratio enables us to determine the mass of vapor in the atmosphere and the depth of water (called the precipitable water, W) if all vapor condensed and fell to the ground. Combining with the hydrostatic equation, we find that
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In this equation, p is the pressure thickness of an atmospheric layer.

________________________________________

Example 6: Calculate the Precipitable Water of the entire atmosphere (p = 101325 Pa) if its average mixing ratio is 0.001 = 1‰.
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________________________________________

In this case, each square meter column of the atmosphere contains almost exactly 10 kg of vapor 1 cm of precipitable water. Therefore, The precipitable water of the entire atmosphere column in cm is almost exactly equal to the average mixing ratio in parts per thousand. The global average of precipitable water is 2.5 cm because its average mixing ratio is 2.5‰.

The most direct and accurate way to determine the amount of water vapor in the air is to chill it to a very low temperature by blowing it though a copper tube immersed in liquid nitrogen so that all the vapor deposits as frost. The frost and dry air are then weighed to determine their masses.

Snow Density: The density of liquid water is liq = 1000 kg m-3.  The density of snow depends on how fluffy it is. It typically ranges from about 30 kg m-3 in very cold light snow to more than 200 kg m-3 in dense, wet and partially melted snow (often indicated by huge snowflakes). A typical average snow density is snow ( 100 kg m-3. At this density 10 cm of snow is equal to 1 cm of rain. Snow density also increases with depth in a snow pack and ultimately most of the air is squeezed out and the now is compressed to ice on the ice caps and on glaciers. Even so, air bubbles remain in the ice to give important information about atmospheric composition (of CO2) and climate.  
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PRECIPITATION, DISCHARGE, AND WATER VAPOR
On All Math Problems, show work
Problems
1. Records of daily and monthly river discharge are available on the Internet. Later in the semester we will work with daily discharge and precipitation files. Now we focus on the monthly files.

a: Download from the Internet 

1. Monthly discharge for a river for 5 years.

2. Monthly precipitation for a representative station in the river basin.

3. Image of the river basin.

Internet Addresses (frequently changing)
For discharge
http://www.usgs.gov
Then go to Water…or


http://waterdata.usgs.gov/nwis/sw/ Then click on Daily Data
http://www.rivdis.sr.unh.edu/   Click on View…tabular data then View Unesco Site

http://www.sage.wisc.edu/riverdata/index.php?qual=32 then click on the map
For Rainfall
http://www.ncdc.noaa.gov/ol/climate/climatedata.html


http://cdiac.ornl.gov/epubs/ndp/ushcn/monthly.html
A much easier site for rain!!!



http://www.cru.uea.ac.uk/~timm/cty/obs/TYN_CY_1_1.html   data by Country

b. Save the Internet files as text files as q_Rivername.txt and R_Rivername.txt

c. Open the files in Excel or MATLAB
d. Graph the average monthly q and R.

e. Graph the 5-year period of monthly q and R's on the same graph.    

f. Save your work as Yourname_L03.XLS
2. Use the ideal gas equation to calculate the density of air with T = -20(C and p = 50000 Pa.

( = ________ kg m-3
3. Calculate the pressure difference (p due to rising (z = 100 m for the conditions of problem 2.

(p = _____ Pa

4. Calculate es over water for(a) T = 20(C and (b) T = -20(C.

es(20(C) = __________




es(-20(C) = _________

5. Calculate the mixing ratio, w and vapor density in problem 4a if p = 50000 Pa and RH = 50%.

w = ________‰





(vapor = ________ kg m-3
6. Calculate the depth of precipitable water in a layer of atmosphere p = 100 hPa thick with average mixing ratio, w = 1‰ and the mass in the layer of a column with area, A = 1 m2.

m/A = ___________kg





7. Use EXCEL or MATLAB to calculate the precipitable water (zH2O in each layer and in the entire atmosphere.  Use only three columns 

	PRIVATE 
  p(mb)
	   w
	(zH2O
	PRIVATE 
  p(mb)
	   W
	(zH2O

	1000-900 
	0.008
	
	500-400
	0.002
	  

	900-800
	0.006
	
	400-300
	0.001
	

	800-700
	0.005
	
	300-200
	0.0
	

	700-600
	0.004
	
	200-100
	0.0
	

	600-500
	0.003
	
	100-000
	0.0
	

	Total
	
	
	
	
	   


Save your file as Yourname_L03.xls
_1358168688.unknown

_1358169875

_1358195731.doc
		T

		wS(liq)

		wS(ice)

		(VS(liq)

		(VS(ice)

		eS(liq)

		eS(ice)



		40

		49.81

		-

		50.99

		-

		7378

		-



		30

		27.70

		-

		30.38

		-

		4240

		-



		20

		14.95

		-

		17.30

		-

		2337

		-



		10

		7.75

		-

		9.399

		-

		1228

		-



		0

		3.84

		3.84

		4.843

		0.4843

		610.8

		610.8



		-10

		1.79

		1.63

		2.358

		0.214

		286.3

		260



		-20

		0.785

		0.646

		1.074

		0.0856

		125.4

		103.2



		-30

		0.318

		0.238

		0.453

		0.0340

		50.88

		38.1



		-40

		0.118

		0.0803

		0.176

		0.0111

		18.90

		12.80






_1359410057.doc
Table 5 Humidity terms, their symbols and meanings.

		Humidity Term

		Symbol

		Meaning



		Relative Humidity

		RH

		Vapor in air divided by vapor air can hold



		Saturation

		s

		Vapor capacity at equilibrium



		Mixing Ratio

		W

		Mass of vapor in air divided by mass of dry air



		Vapor Pressure

		e

		pressure exerted by vapor molecules



		Dew Point Temp

		Td

		Temperature at which condensation begins in cooling air



		Wet Bulb Temp

		Tw

		Lowest temperature air can be cooled to by evaporation






_1358196162.doc
Example 6: Compare the vapor content of air with RH = 2% at T = 40°C and air with RH = 100% at T = -20°C. Use data for saturated mixing ratios, ws from the Table.


Sahara Air: 
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Greenland Air
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_1358169414.unknown

_1358051060

_1358162692.unknown

_1358167837.unknown
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_1038560684
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