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Barometric pressure
------------------------------------------------------------------------

Units of pressure 

In the U.S., air pressure at the surface is reported in inches of mercury while air pressure aloft is reported in millibars. Scientists, however, generally use pressures in millibars. 

Millibars are a direct measure of pressure, like pounds per square inch, but in the metric system. Since the measurement is in the metric system, 1,000 millibars equal one bar. A bar is a force of 100,000 Newtons acting on a square meter, which is too large a unit to be a conveinent measure of Earth's air pressure. Inches of mercury measure how high the pressure pushes the mercury in a barometer. 

To convert between inches of mercury and millibars, one millibar is equal to 0.02953 inches of mercury. The El Paso, Texas, National Weather Service Office has a weather calculator posted on the web that can be used to make the conversion. 

The use of direct pressure measurements goes back to the late 19th century when the great Norwegian meteorologist Vilhelm Bjerknes, a leader in making meteorology a mathematical science, urged weather services to use direct pressure measurements because they can be used in the formulas that describe the weather. 

A sidelight: In the International System (SI) of measurements, the unit of pressure is the Pascal, named after Blaise Pascal, the 17th century scientist who made important discoveries about air pressure. The standard atmospheric pressure at the Earth's surface of 1013.25 millibars is equal to 101,325 Pascals. To avoid large numbers, air pressure is reported in hectoPascals, which are the same as millibars. In many nations, you are now likely to hear reports such as, "air pressure, 1020.0 hectoPascals." This is the same as 1020.0 millibars. 

------------------------------------------------------------------------

Pressure corrections 

When you read a barometer the reading directly from it is the "station pressure." 

Two things affect the barometer's reading, the high or low air pressure caused by weather systems, and the air pressure caused by the station's elevation, or how high it is above sea level. No matter what weather systems are doing, the air's pressure decreases with height. If you're trying to draw a weather map of air pressure patterns, you need a way to remove the effects of the station's elevation. That is, you want to see what the pressure would be at the station if it were at sea level. 

The air's pressure is related to its density. A USA TODAY online file has more on understanding air density. 

You need to calculate, sea-level pressure, which is defined as: "A pressure value obtained by the theoretical reduction of barometric pressure to sea level. Where the Earth's surface is above sea level, it is assumed that the atmosphere extends to sea level below the station and that the properties of that hypothetical atmosphere are related to conditions observed at the station." To do this, you have to take into account the barometric reading at the station, the elevation above sea level, and the temperature. 

Another kind of barometric reading is the altimeter setting, which aircraft use. It's defined as: "The pressure value to which an aircraft altimeter scale is set so that it will indicate the altitude above mean sea level of an aircraft on the ground at the location for which the value was determined." For it, all you need is the station pressure and the elevation, you can ignore the temperature. 

The El Paso, Texas, National Weather Service Office has a weather calculator posted on the World Wide Web. One of the calculations you can perform on it is correcting station pressure for the altimeter setting. An area for Sea Level Pressure Conversions was being prepared in August 1996. 

Information like this is found in the Federal Meteorological Handbook No. 1, which is the official guide to taking weather observations. The definitions above are from Chapter 11, which covers pressure measurements.

------------------------------------------------------------------------

How pressure decreases with altitude

As you go higher in the air, the atmospheric pressure decreases. The Constant pressure surfaces page on a University of Illinois web site explains how air temperature affects upper air pressures. USA TODAY online graphics on upper-air ridges and upper-air troughs explain more about pressure systems above the surface. 

The exact pressure at a particular altitude depends of weather conditions, but a couple of rules of thumb (approximations) and a formula give you a general idea of how pressure decreases with altitude. 

A rule of thumb for the altimeter correction is that the pressure drops about 1 inch of mercury for each 1,000 foot altitude gain. If you're using millibars, the correction is 1 millibar for each 8 meters of altitude gain. These rules of thumb work pretty well for elevations or altitudes of less than a two or three thousand feet. 

Here's the formula if you want a more precise answer: 

Pressure decreases with height in the first 100 kilometers above the earth's surface according to the formula P(z)=P(sea level)*exp(-z/H). P(z)= pressure at height z, P(sea level)= sea level pressure(~1013 millibars), z= height in meters, H= scale height( to keep the formula simple, we're using 7 kilometers for the scale height) 

If you want to use the formula to determine station pressure when you have an altimeter setting or a sea level pressure report from a weather station, use the altimeter setting or sea level pressure value for P, instead of using 1013 millibars. Since the formula is in metric units, you'd have to convert an altimeter setting, which is always given in inches of mercury in the U.S., to millibars, using the conversion: one millibar is equal to 0.02953 inches of mercury 

In all the formula, / means to divide, * means to multiply, "exp(-z/H) means to divide minus z by H and then take the inverse of the natural log of the answer. The standard rules of algebra apply. 
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The standard atmosphere 
The standard atmosphere can be thought of as the average pressure, temperature and air density for various altitudes. It is useful for engineering calculations for aircraft. It also shows in a general way the pressures and temperatures to be expected at various altitudes. The standard atmosphere is based on mathematical formulas that reduce temperature and pressure by certain amounts as altitude is gained. But, the results are close to averages of balloon and airplane measurements at various altitudes. 

This table give density in slugs per cubic foot because it uses the American system of altitude in feet, pressure in inches of mercury and temperature in degrees Fahrenheit. While people often use pounds per cubic foot as a measure of density in the U.S., pounds are really a measure of force, not mass. Slugs are the correct measure of mass. You can multiply slugs by 32.2 for a rough value in pounds. 

   Altitude      Pressure     Temp.      Density -

     (ft)       (in. Hg)      (F.)       slugs per cubic foot

        0        29.92       59.0        0.002378

    1,000        28.86       55.4        0.002309

    2,000        27.82       51.9        0.002242

    3,000        26.82       48.3        0.002176

    4,000        25.84       44.7        0.002112

    5,000        24.89       41.2        0.002049

    6,000        23.98       37.6        0.001988

    7,000        23.09       34.0        0.001928

    8,000        22.22       30.5        0.001869

    9,000        21.38       26.9        0.001812

   10,000        20.57       23.3        0.001756

   11,000        19.79       19.8        0.001701

   12,000        19.02       16.2        0.001648

   13,000        18.29       12.6        0.001596

   14,000        17.57        9.1        0.001545

   15,000        16.88        5.5        0.001496

   16,000        16.21        1.9        0.001448

   17,000        15.56       -1.6        0.001401

   18,000        14.94       -5.2        0.001355

   19,000        14.33       -8.8        0.001310

   20,000        13.74      -12.3        0.001267

   25,000        11.10      -30.15        

   30,000         8.89      -47.98

   35,000         7.04      -68.72

   40,000         5.54      -69.70

   45,000         4.35      -69.70

   50,000         3.43      -69.70

   55,000         2.69      -69.70

   60,000         2.12      -69.70

   65,000         1.67      -69.70

   70,000         1.31      -69.70

   75,000         1.03      -69.70

   80,000         0.81      -69.70

   85,000         0.64      -64.80

   90,000         0.50      -56.57

   95,000         0.40      -48.34

  100,000         0.32      -40.11

Source: Aerodynamics for Naval Aviators 

Note: This is a summary table. For a more detailed table or a table in metric units, consult an aerodynamics textbook. Many weather textbooks also have tables of the standard atmosphere. 
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Virtual temperature and humidity 
Virtual temperature is a fictitious temperature that takes into account moisture in the air. The formal definition of virtual temperature is the temperature that dry air would have if its pressure and specific volume were equal to those of a given sample of moist air. Virtual temperature allows meteorologists to use the equation of state for dry air even though moisture is present. The following formulas and sample calculation show how virtual temperature is computed. 

Note: In all the formulas here, / means to divide, * means to multiply, ** means the following term is an exponent(i.e. 10**(4) means 10 to the 4th power), - means to subtract, + means to add. A number followed by a "x10" to some exponent is in scientific notation to conserve space. ln( ) means to take the natural log of the variable in the parentheses. The standard rules of algebra apply to all the formulas.

------------------------------------------------------------------------

The formula for virtual temperature is as follows. 

(1) Tv = [(1+1.609*M)/(1+M)]*Tc 

Tv = virtual temperature, M= mixing ratio(g/kg), Tc= actual temperature in degrees Celsius 

Note: To convert between Fahrenheit, Celsius and Kelvin, go to our temperature conversions page. This page has all the necessary formulas. 

For example, suppose you have an actual temperature of 10 degrees Celsius and a relative humidity of 50% and you want to calculate virtual temperature. 

First, you need to calculate the saturation mixing ratio(Ms) using the following formula. 

(2) Ms= 3.884266*10**[(7.5*Tc)/(237.7+Tc)] 

Plugging in 10 degrees for Tc, you get Ms=3.884266*10**[(75)/(247.7)] = 3.884266*10**[.3028] = 3.884266*2 = 7.8 g/kg. 

Next, you use the relative humidity(RH) formula to calculate the actual mixing ratio(M). 

(3) M=RH*Ms/100 

Plugging in 50 for RH and 7.8 for Ms, you get M=50*7.8/100 = 390/100 = 3.9 g/kg. 

Finally, you are ready to calculate virtual temperature. 

Plugging in 3.9 for M and 10 degrees for Tc, you get Tv = [(1+6.2751)/(4.9)]*10 = [7.2751/4.9]*10 = 1.4847*10 = 14.847 degrees Celsius. 

Note: Your answer may be slightly different from the one above due to rounding. 

Our humidity calculations page has formulas for calculating dewpoint and relative humidity.
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Calculating air density
In the formulas here, / means to divide, * means to multiply, ** means the following term is an exponent(i.e. 10**(4) means 10 to the 4th power), - means to subtract, + means to add. A number followed by a "x10" to some exponent is in scientific notation to conserve space. The standard rules of algebra apply to all the formulas. 

To calculate air density, use the Ideal Gas Law equation solved for density. The equation is: D=P/(T*R) 

While the formula itself is simple, getting the units correct is a problem. Below we describe how to do the calculations in both metric and American units. 

------------------------------------------------------------------------

Using metric units

Here's what to do: 

1.Convert the temperature in degrees Celsius to degrees Kelvin by adding 273 to the Celsius temperature. (Tk=Tc+273) Our temperature conversions graphic and text explains why you have to make this change. 2.Obtain the station pressure at the altitude for which you want to know the density. If you have a barometer, station pressure for your location is the reading made directly from the barometer, without making any pressure adjustments. If you are using weather observations from a nearby weather station, you have to convert either the "sea level pressure" or the "altimeter setting" reported by the station to station pressure at your location. To do this, use the elevation at your location. You can obtain station pressure from the Weather Calculator on the web site of the National Weather Service El Paso, Texas, office. Or, if you want to calculate it yourself, consider the reported sea level pressure or altimeter setting to be the pressure at zero feet (sea level). To see how to do the math, go to our text on barometric pressure and scroll down to the "Pressure corrections" headline. 3.Convert pressure in millibars to Pascals by multiplying the reading in millibars by 100. (1 mb=100 Pa) 4.Account for humidity. Water vapor in the air makes the air less dense, which means that on a humid day, the air won't be as dense as on a dry day. Our air density text explains why this is so. Compared to the differences caused by pressure changes as weather systems move in, or at higher elevations, the changes caused by humidity are small. You could choose to ignore them. For example, a cubic yard of 70-degree air at sea level weighs 0.6691 pounds if its relative humidity is 50%, but only 0.6656 pounds when the relative humidity is 100%. Or, you can calculate a figure called the "virtual temperature." Find this by going to the virtual temperature section of the Weather Calculator on the web site of the National Weather Service El Paso, Texas, office then use it in place of the Celsius temperature in step 1 above. If you want the actual formulas and a step by step sample calculation of virtual temperature, then go to our virtual temperature page. Our humidity calculations page tells you how to use the gas law formula to calculate the density of the humidity in the air, which is known as the absolute humidity. Scroll down to the "Air density and absolute humidity" headline at the bottom of the page. 5.Use 287 for R, the gas constant. 

When you've done all of these conversions, plug them into the formula at the top of the page and you'll find the air's density in kilograms per cubic meter.

------------------------------------------------------------------------

Using American units

If you want to use the units common in the USA, pressure in inches of mercury and temperature in degrees Fahrenheit, here are the conversions to use in the formula. 

1.Convert degrees Fahrenheit into degrees Rankine by adding 460 degrees. Our temperature conversions graphic and text explains why you have to make this change. 2.Obtain station pressure as described in step 2 in the "Using metric units" text above. 3.Convert the pressure reading in inches of mercury to pounds per square feet. You can use Weather Calculator on the web site of the National Weather Service El Paso, Texas, office to convert inches of mercury to pounds per square inch. Or, you can make the conversion by knowing that 29.92 inches of mercury equals 14.7 pounds per square inch. Then convert pounds per square inch to pounds per square foot by multiplying by 144. 4.Account for humidity as described in step 4 above. If you decide to use the virtual temperature, make sure to obtain it in Fahrenheit degrees. 5.Use 1718 for R, the gas constant. 

Plug the numbers in the formula and you come up with a density in "slugs," the unit for density in the system using pounds per square foot. At the Earth's surface, a slug is about 32.2 pounds. 
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Converting between the different temperature scales
The graphic above shows how temperatures on the Fahrenheit scale relates to the Celsius scale. If you want a more exact conversion, use the following formula: 

(In the formulas below, / means to divide, * means to multiply, - means subtract, + means to add and = is equal.) 

Tc = (5/9)*(Tf-32); Tc = temperature in degrees Celsius, Tf = temperature in degrees Fahrenheit 

For example, suppose you have a Fahrenheit temperature of 98.6 degrees and you wanted to convert it into degrees Celsius. Using the above formula, you would first subtract 32 from the Fahrenheit temperature and get 66.6. Then you multiply 66.6 by five-ninths and get 37 degrees Celsius. 

The formula to convert a Celsius temperature into degrees Fahrenheit is: 

Tf = (9/5)*Tc+32; Tc = temperature in degrees Celsius, Tf = temperature in degrees Fahrenheit 

For example, suppose you have a Celsius temperature of 100 degrees and you want to convert it into degrees Fahrenheit. Using the above formula, you first multiply the Celsius temperature reading by nine-fifths and get 180. Then you add 32 to 180 and get 212 degrees Fahrenheit. 

Another method that works just as well and might be easier to remember is the following: Regardless of which direction you want to covert, Fahrenheit to Celsius or Celsius to Fahrenheit, always first add 40 to the number. Next, multiply by 5/9 or 9/5 just like the old method. Then, always subtract out the 40 you just added. 

This works because, as you can see in the graphic above, -40 Fahrenheit = -40 Celsius. 

To remember whether to use 5/9 or 9/5 when converting from Fahrenheit to Celsius or Celsius to Fahrenheit, just simply remember, F (for Fahrenheit) also can stand for Fraction. 5/9 is always a Fraction; 9/5, while also a fraction in this form, is Clearly a whole number plus a fraction (1 and 4/5). So, if you want to convert Fahrenheit (F) to Celsius (C), then use the Fraction 5/9; Celsius (C) to Fahrenheit (F), use the other, 9/5, which is Clearly not just a fraction. 

For an example, we'll use the values above: 98.6 F and 37 C, which are equal. 

To convert from F to C: 98.6 + 40 = 138.6, and 138.6 * 5/9 = 77. Lastly, 77 - 40 = 37 

To convert from C to F: 37 + 40 = 77, and 77 * 9/5 = 138.6. Finally, 138.6 - 40 = 98.6 

So remember: Add 40, (F to C) multiply by Fraction...(C to F) multiply by the other, subtract 40. 

The El Paso, Texas, National Weather Service Office has a weather calculator posted on the World Wide Web. With it you can perform such calculations as converting temperatures from Fahrenheit to Celsius or the other way around, as well as doing other kinds of conversions. 

Of note: The Celsius tempertature scale is still sometimes referred to as the "centigrade" scale. Centigrade means "consisting of or divided into 100 degrees;" the Celsius scale, devised by Swedish Astronomer Andres Celsius (1701-1744) for scientific purposes, has 100 degrees between the freezing point (0 C) and boiling point (100 C) of pure water at sea level air pressure. The term Celsius was adopted in 1948 by an international conference on weights and measures.

------------------------------------------------------------------------

The Kelvin and Rankine scales 

Scientists use the Kelvin scale, which is based on the Celsius scale, but has no negative numbers. To convert a temperature reading into degrees Kelvin, simply add 273 to the Celsius temperature. This explains why in scientific temperatures you'll see references to temperatures on Earth in the 300-degree range. 

The absolute zero version of the Fahrenheit scale is the Rankine scale. Add 460 degrees to Fahrenheit temperatures to obtain the Rankine temperature. 
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Formulas for humidity calculations
This page contains various formulas used for calculating relative humidity, dewpoint temperature, and other quantities such as air density, absolute humidity, and the height of cumulus cloud bases, which are related to the moisture content of air. These represent fairly advanced mathematics and will be useful only to those who understand the basic concepts of dewpoint and relatively humidity, and the necessary mathematics. A humidity definition page provides some basic definitions for various terms dealing with atmospheric moisture. 

Note: In all the formulas here, / means to divide, * means to multiply, ** means the following term is an exponent(i.e. 10**(4) means 10 to the 4th power), - means to subtract, + means to add. A number followed by a "x10" to some exponent is in scientific notation to conserve space. The standard rules of algebra apply to all the formulas.

------------------------------------------------------------------------

Heat Index, apparent temperature

The heat index and the summer simmer index are used to measure the amount of discomfort during the summer months when heat and humidity often combine to make it feel hotter than it actually is. The heat index is usually used for afternoon high temperatures while the summer simmer index is used for overnight low temperatures. Below are the detailed equations that are used to calculate the apparent temperatures in the heat index and the summer simmer index. 

Heat Index: If you know the relative humidity and the dry air temperature, then you can use the following equation to calculate the heat index. 

(1) Heat index(HI), or apparent temperature(AI)= -42.379 + 2.04901523(Tf) + 10.14333127(RH) - 0.22475541(Tf)(RH) - 6.83783x10**(-3)*(Tf**(2)) - 5.481717x10**(-2)*(RH**(2)) + 1.22874x10**(-3)*(Tf**(2))*(RH) + 8.5282x10**(-4)*(Tf)*(RH**(2)) - 1.99x10**(-6)*(Tf**(2))*(RH**(2)) 

Note: In order for the Heat Index formula to work correctly, you must use the relative humidity in percent form. In other words, if the relative humidity is 65%, use 65 for RH in the formula, not .65. 

Click here to go to a step by step sample calculation of the Heat Index for a temperature of 90 degrees Fahrenheit and a relative humidity of 65%. 

Summer Simmer Index: If you know the relative humidity and the dry air temperature, then you can use the following equation to calculate the summer simmer index. 

(2) Summer simmer index(SSI)= Tf - (0.55 - 0.55(RH))(Tf - 58) - 56.8316826 

Tf= air temperature in degrees Fahrenheit, RH= relative humidity 

------------------------------------------------------------------------

How altitude affects humidity calculations

As altitude is gained, air pressure decreases. The dicussion here covers the affects of this pressure decrease on the humidity formulas on this page. 

Pressure decreases with height in the first 100 kilometers above the earth's surface according to the formula P(z)=P(sea level)*exp(-z/H). 

P(z)= pressure at height z, P(sea level)= sea level pressure(~1013 millibars), z= height in meters, H= scale height(~7 kilometers) 

Our evaluation of the humidity formulas on this page using different altitudes, shows that the relative humidity remains constant with pressure changes. The actual vapor pressure and the saturated vapor pressure both change, but they change by the same factor. This keeps relative humidity constant. The pressure coefficient in the formulas below for the standard atmosphere is 6.11. Applying the pressure formula above for 7000 feet of altitude, yields a pressure coefficient of 4.5. This lower coefficient reduces both actual vapor pressure and saturation vapor pressure, but does not change relative humidity. 

The dewpoint temperature is affected by the higher altitude since it is affected by pressure. Using the saturation vapor pressure values from the formula below, you can divide the formula value by the ratio of the sea level pressure coefficient to the modified coefficient. For example, at 7000 feet of altitude the ratio is 6.11/4.5, or 1.38. Before using the formula value for saturated vapor pressure in the dewpoint procedure, you divide the formula value by 1.38.

------------------------------------------------------------------------

Relative humidity from temperature and dewpoint

If you know the temperature and the dewpoint, and want to obtain relative humidity, the formulas are as follows: 

First, to convert the temperature and the dewpoint from Fahrenheit to Celsius, use the following formulas. 

(3) Tc=5.0/9.0*(Tf-32.0) 

(4) Tdc=5.0/9.0*(Tdf-32.0) 

Tc=air temperature in degrees Celsius, Tf=air temperature in degrees Fahrenheit 

Tdc=dewpoint temperature in degrees Celsius 

Tdf=dewpoint temperature in degrees Fahrenheit 

Note: If your temperature and dewpoint are already in degrees Celsius, you can skip the first step and proceed to the second. 

The next set of formulas assumes a standard atmospheric pressure. These formulas will calculate saturation vapor pressure(Es) and actual vapor pressure(E) in millibars. 

(5) Es=6.11*10.0**(7.5*Tc/(237.7+Tc)) 

(6) E=6.11*10.0**(7.5*Tdc/(237.7+Tdc)) 

Once you have the saturation vapor pressure and the actual vapor pressure, relative humidity can be computed by dividing the actual vapor pressure by the saturation vapor pressure and then multiplying by 100 to convert the quantity to a percent. 

(7) Relative Humidity(RH) in percent =(E/Es)*100 

For example, if you have a station report that included an air temperature of 85 degrees Fahrenheit and a dewpoint of 65 degrees Fahrenheit and you wanted to compute the relative humidity, you would proceed as follows. 

First, convert the Fahrenheit values to Celsius using formulas (3) and (4). The values you get should be Tc=29.4 and Tdc=18.3 

Next, calculate the saturation vapor pressure and the actual vapor pressure using formulas (5) and (6) respectively. The values you get should be Es=40.9 and E=21.0 

Finally, calculate relative humidity using formula (7). The final answer should be RH=51.3 %(percent). 

Note: Due to the rounding of decimal places, your answer may be slightly different from the above answer, but it should be within 2%.

------------------------------------------------------------------------

Dewpoint from relative humidity and temperature

If you know the relative humidity and the air temperature, and want to calculate the dewpoint, the formulas are as follows. 

First, if your air temperature is in degrees Fahrenheit, then you must convert it to degrees Celsius by using the Fahrenheit to Celsius formula. 

(8) Tc=5.0/9.0*(Tf-32.0) 

The next step is to obtain the saturation vapor pressure(Es) using formula (5) as before when air temperature is known. 

(5) Es=6.11*10.0**(7.5*Tc/(237.7+Tc)) 

The next step is to use the saturation vapor pressure and the relative humidity to compute the actual vapor pressure(E) of the air. This can be done with the following formula. 

(9) E=(RH*Es)/100 

RH=relative humidity of air expressed as a percent.(i.e. 80%) 

Now you are ready to use the following formula to obtain the dewpoint temperature. 

Note: ln( ) means to take the natural log of the variable in the parentheses 

(10) Tdc=(-430.22+237.7*ln(E))/(-ln(E)+19.08) 

If you wish, you can convert the Celsius dewpoint back into the Fahrenheit scale using the following formula. 

(11) Tdf=(9.0/5.0)*Tdc+32 

For example, if you have a weather station that gave you an air temperature of 60 degrees Fahrenheit and a relative humidity of 47%(percent) and you wanted to compute the dewpoint temperature, you would proceed as follows. 

First, convert the air temperature to degrees Celsius by using formula (8). You should get Tc=15.6 

Next, using formula (5) again, compute the saturation vapor pressure for an air temperature of 15.6 degrees Celsius. You should get 17.7. 

Next, compute the actual vapor pressure by using formula (9). You should get E=8.3 

Finally, you can compute the dewpoint temperature by using formula (10). You should get Tdc=4.3 

If you want to convert this dewpoint temperature back into degrees Fahrenheit, you can do so by using formula (11). You should get Tdf=39.7 

Note: Due to the rounding of decimal places, your answer may be slightly different from the above answer, but it should be within two degrees.

------------------------------------------------------------------------

Relative humidity from temperature and wet bulb temperature 

If you know the air temperature and the wet bulb temperature, you first want to calculate the actual mixing ratio of the air(W) using the following formula. 

(12) W=[(Tc-Twb)(Cp)-Lv(Eswb/P)]/[-(Tc-Twb)(Cpv)-Lv] 

W=actual mixing ratio of air 

Cp=specific heat of dry air at constant pressure(J/g)~1.005 J/g 

Cpv= specific heat of water vapor at constant pressure(J/g)~4.186 J/g 

Lv=Latent heat of vaporization(J/g)~2500 J/g 

Tc=air temperature in degrees Celsius 

Twb=wet bulb temperature in degrees Celsius 

Eswb=saturation vapor pressure at the wet bulb temperature(mb) 

P=atmospheric pressure at surface~1013 mb at sea-level 

Once you have the actual vapor pressure, you can use the following formula to calculate the saturation mixing ratio for the air. 

(13) Ws=Es/P 

Once you have the actual mixing ratio and the saturation mixing ratio, you can use the following formula to calculate relative humidity. 

(14) Relative Humidity(RH) in percent=(W/Ws)*100 

Note: The latent heat of vaporization(Lv) varies slightly with temperature. The value given above is an approximate value for the standard atmosphere at 0 degrees Celsius. 

Note: Due to the large numbers of approximations using these formulas, your final answer may vary by as much as 10 percent. 

------------------------------------------------------------------------

Air density and absolute humidity

In order to calculate air density, you will have to use the Ideal Gas Law equation. Before you can use the gas law equation, you must first convert your temperature in degrees Celsius to degrees Kelvin by simply adding 273 to the Celsius temperature reading. (Tk=Tc+273) Also, you must convert pressure in kPa to Pa by simply multiplying your reading in kPa by 1000. (1 kPa=1000 Pa). If your pressure reading or calculation is in millibars, then you convert it to Pa by multiplying the reading in millibars by 100. (1 mb=100 Pa) 

(15) The gas law equation: D=P/(T*R) 

P= pressure in Pascals (Pa) 

D=density(kg/m3) 

T=temperature in degrees Kelvin 

R=gas constant for air=287 (J/kg*Kelvin) 

Rw=gas constant for water vapor= 461.5 (J/kg*Kelvin) 

This gas law formula will give you the air density for a given temperature and pressure. 

Absolute humidity is the density of water vapor in the air (kg/m3). To calculate absolute humidity, you must first use the dewpoint temperature and formula number (6) to calculate vapor pressure in millibars. Then convert the vapor pressure in millibars to Pa by multiplying by 100. Once you have the vapor pressure in Pa, you can use the gas law discussed above to calculate water vapor density(i.e. absolute humidity) by substituting Rw in place of R and by using the vapor pressure in the gas law formula, rather than the total atmospheric pressure that you would use to calculate air density. For a more complete description of the concept of air density and how it relates to humidity, click here. 

Note: You must use Rw, the gas constant for water vapor, when you calculate absolute humidity since you are calculating the effect of pure water vapor. The normal air constant, R, will not work properly when calculating absolute humidity. 

Virtual temperature is another variable used to take into account humidity and its effect on air density. Our virtual temperature page explains more and also has formulas to calculate virtual temperature. 

------------------------------------------------------------------------

Heights of cumulus cloud bases

You can use the following formulas to calculate the height(H) of a cumulus cloud base given surface temperature and dewpoint. 

(16) H(meters)=125*(Tc-Tdc) 

(17) H(feet)=222(Tf-Tdf) 

Note: Tc and Tdc in formula (16) are temperature and dewpoint in degrees Celsius. Tf and Tdf in formula (17) are temperature and dewpoint in degrees Fahrenheit.
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Water in the atmosphere 
------------------------------------------------------------------------

Humidity: Measures of water vapor in the air 

Humidity is the amount of water vapor in the air and be described in different ways, including "relative humidity," which is the term used most often in weather information meant for the public. Relative humidity is the amount of water vapor in the air compared with the amount of vapor needed to make the air saturated at the air's current temperature. 

The dewpoint temperature gives a much better estimate of the amount of moisture actually present in the air, which is very important in determining precipitation amounts and even how comfortable you feel. Let's compare very cold, 10-degrees Fahrenheit air with a relative humidity of 100% with 72-degree tropical air, also with 100% relative humidity. In both cases, the relative humidity is 100%, but the cold air's dewpoint is 10 degrees and the warm air's dewpoint is 72 degrees. The higher the dewpoint temperature, the more moisture in the air.

------------------------------------------------------------------------

Why humidity can be less than 100% when it's raining

Humidity is a measure of the amount of water vapor in the air, not the total amount of vapor and liquid. For clouds to form, and rain to start, the air does have to reach 100% relative humidity, but only where the clouds are forming or where the rain is coming from. This normally happens when the air rises and cools. Often, rain will be falling from clouds where the humidity is 100% into air with a lower humidity. Some water from the rain evaporates into the air it's falling through, increasing the humidity, but usually not enough to bring the humidity up to 100%. 

------------------------------------------------------------------------

Definitions

Absolute humidity: The mass of water vapor in a given volume of air( i.e., density of water vapor in a given parcel, usually expressed in grams per cubic meter 

Actual vapor pressure: The partial pressure exerted by the water vapor present in a parcel. Water in a gaseous state (i.e. water vapor) exerts a pressure just like the atmospheric air. Vapor pressure is also measured in millibars. 

Condensation: The phase change of a gas to a liquid. In the atmosphere, the change of water vapor to liquid water. 

Dewpoint: the temperature air would have to be cooled to in order for saturation to occur. The dewpoint temperature assumes there is no change in air pressure or moisture content of the air. 

Freezing: The phase change of liquid water into ice. 

Evaporation: The phase change of liquid water into water vapor. 

Melting: The phase change of ice into liquid water. 

Mixing ratio: The mass of water vapor in a parcel divided by the mass of the dry air in the parcel (not including water vapor) 

Relative humidity: The amount of water vapor actually in the air divided by the amount of water vapor the air can hold. Relative humidity is expressed as a percentage and can be computed in a variety of ways. One way is to divide the actual vapor pressure by the saturation vapor pressure and then multiply by 100 to convert to a percent. Click here for text explaining this in more detail. 

Saturation of air: The condition under which the amount of water vapor in the air is the maximum possible at the existing temperature and pressure. Condensation or sublimation will begin if the temperature falls or water vapor is added to the air. 

Saturation vapor pressure: The maximum partial pressure that water vapor molecules would exert if the air were saturated with vapor at a given temperature. Saturation vapor pressure is directly proportional to the temperature. 

Specific humidity: The mass of water vapor in a parcel divided by the total mass of the air in the parcel (including water vapor) 

Sublimation: In U.S. meteorology, the phase change of water vapor in the air directly into ice or the chance of ice directly into water vapor. Chemists, and sometimes meteorologists, refer to the vapor to solid phase change as "deposition." 

Wet bulb temperature: The lowest temperature that can be obtained by evaporating water into the air at constant pressure. The name comes from the technique of putting a wet cloth over the bulb of a mercury thermometer and then blowing air over the cloth until the water evaporates. Since evaporation takes up heat, the thermometer will cool to a lower temperature than a thermometer with a dry bulb at the same time and place. Wet bulb temperatures can be used along with the dry bulb temperature to calculate dew point or relative humidity

------------------------------------------------------------------------

If you want a more complete explanation of these definitions along with some more of the concepts dealing with water vapor and humidity, you will want to read an introductory book about meteorology such as Meteorology Today by C. Donald Ahrens, published by West Publishing. 

