
V. Moisture in the Atmosphere 



A. The Hydrologic Cycle (or Water Cycle) 

1. A huge system powered by Energy from the Sun in which the 
atmosphere is the link between ________and _____________. 

2. A continuous exchange of water among _________, the 
__________, and the ____________. 

3. Water leaves Earthôs surface by:  
a. ________________ from surface water. 

b. ________________ from plants 

c. ______________________: The combined total of evaporation and 
transpiration for a region is usually used in climate data. 

d. Water returns to Earthôs surface as ____________ (after cloud 
formation). 

 

oceans continents 

oceans 
continents atmosphere 

Evaporation 

Transpiration 
Evapotranspiration 

precipitation 



3. Water Budget (Balance) 

a. A_________________________ depiction of the water 
cycle. 

 

b. Amount of water cycled through the atmosphere yearly 
is immense (380,000 cubic kilometers) even though 
the amount of water vapor in the air is a_______ 
fraction of this total water supply. 

 

c. Average annual precipitation over Earth is______ to 
the quantity of water evaporated. 

 

(1) Over continents: precipitation is_______ than evaporation 

 

(2) Over oceans:____________ is greater than 

 (Runoff from land areas keeps the ocean level constant). 

quantitative (mathematical) 

small 

equal 

greater 

evaporation precipitation 



B. Change in Phase (State) of Water 

1. Requires the _________ or _______ of heat 

 

a. ________:The amount of heat necessary to 
raise the temperature of one gram of water 
one degree Celsius. 

 

b. ________Heat:   
(1) Heat exchanged between water and its 

surroundings when water changes phase. 

(2) Latent refers to ñhiddenò heat. 

 

addition loss 

Calorie/Joule 

Latent 
Correct this in your notes 



2. Changes in State 

a. Melting: 
(1) ___________water changes phase to ___________________ 

(2) Requires the _________of heat which is stored as _______________________ 

b. Evaporation: (is a cooling process ï removes heat from its environment) 
(1) ___________water changes phase to ___________________ 

(2) Requires the __________ of heat which is stored as _______________________________ 

 

 

Solid liquid 

Liquid water vapor 

addition latent heat of fusion (melting) 

addition latent heat of vaporization 



2. Changes in State 

c. Condensation: (Warming process- releases heat back to the environment) 
(1) ___________________changes phase to ___________________ 

(2) Requires the ______of heat which is released as_____________________ 

d. Freezing: 
(1) ________________water changes phase to ___________________ 

(2) Requires the _________ of heat (cooling processes) which is released as _________________ 

Water vapor liquid 
loss latent heat 

Liquid solid (ice) 
loss latent heat 



e. Sublimation and Deposition 

(1) Sublimation is a phase change in which the______________________. 

(2) Chemists use the term for: 
(a) Solid changing phase directly to gas 

(b) Gas changing phase directly to solid. 

(3) Meteorologists use the term sublimation only for the phase change of 
________________________. 

liquid phase is skipped 

solid (ice) to liquid 



(4) ________________ 

(a) This is the term meteorologists use for gas changing 
phase directly to solid. 

(b) Water vapor is deposited as ice on solid objects 
(i) Formation of ñcoldò clouds (temperatures below freezing). 

(ii) Frost 

Deposition 



Latent Heat in the ESRT 



Latent Heat in the ESRT 
Latent Heat of Fusion 

Latent Heat of 

Vaporization  



Latent Heat Gained or Lost Can be Calculated 

Using the Following Equations  

ÅLatent Heat for solid          Liquid 

    Q = m  Hf 

ïWhere:  

Å Q = Heat Lost or Gained 

Å m = Mass in grams 

Å Hf = Latent Heat of Fusion 

ÅLatent Heat for liquid           gas 

    Q = m  Hv 

ïWhere:  
ÅHv = Latent Heat of Vaporization  

   

 

 

 



Sample Problem 

ÅHow much heat energy is required to 

vaporize 10 grams of ice? 

ïFirst determine the amount of heat necessary 

to melt the ice. 

     Q = m  Hf 

     Q = (10g)(334 J) 

 

      Q = 3,340 J    

 

g 

Grams cancel 

leaving calories 



Å Next determine how much additional heat 

 must be added to the liquid water to change 

 it from liquid to gas. 

Q = m   Hv 

         Q = (10g)(2260 J) 

         

         Q = 22,600 J  

 

ÅTotal Heat = Heat required to melt the ice plus the 
heat required to evaporate the water. 

ÅQ = 3,340 J + 22,600 J 

ÅQ = 25,940 J 

 

 

 

g 



Good Morning J 
ÅPlease pass both Text HWs to the right.. 

ÅHW tonighté  

ïñAtmospheric Moisture Wksht.ò   

Å1. Finish Part A (UPCO RB -on Dew Point # 1-15) 

Å2. READ finding Rel. Humidity using Sat. Vap. Press. 

Å3. Complete Part B. (# 1-3) 
 

Today:  

Åfinding Rel. Humidity using Sat. Vap. Press. 

Åfinding Cloud Base Altitude 

ÅCan we make a cloud? 

ÅWhy is Seattle, WA so rainy? 

 



Heating Curve for Water 

Added heat increases the 

temperature of the ice 

  

Ice melts and heat is stored as latent heat 

Water is completely liquid.   

Added heat raises its temperature 

Liquid water evaporates 



ÅTry Properties of Water Questions  

     (ESRT packet) 



C. Humidity: Water Vapor in the Air 

1. __________: The general term to describe the 

amount of water vapor in the air. Meteorologists 

use several methods to express the water-vapor 

content of air. 

 

 We will consider three methods to express the 

water vapor content of air 
ü Mixing Ratio 

ü Specific Humidity 

ü Relative Humidity      

Humidity 



a.  Mixing Ratio 

 (1) The________ of water vapor in a unit of air 
 compared to the remaining mass of dry air. 

 

 (2) Expressed as:  

 

     Mixing Ratio =  mass of water vapor (grams) 

   mass of dry air (kg) 

 

(3) Not affected by changes in ________or ___________ pressure temperature 
 

mass 



b. Specific Humidity 

(1) Mass of water vapor in a unit mass of air 

including water vapor. 

 

(2) Amount of water vapor is usually very low, only 

a few percent of the total mass. 

 

(3) Considered the equivalent of mixing ratio 



Absolute Humidity 

ÅThe Ratio of mass of water vapor to the 

volume of air ïwater vapor mixture 

Ågrams/meter3 

ÅAbsolute humidity in air ranges from zero 

to roughly 30 grams per cubic meter when 

the air is saturated at 30 °C. 



Mixing Ratio vs. Absolute Humidity 

Å Mixing ratio is not affected by changes in pressure as the parcel of 
air rises and expands. 



2. Vapor Pressure and Saturation 

a. Vapor Pressure: 

(1) The _______pressure that results from the addition 

of water vapor molecules. 

(2) The part of the total atmospheric pressure due to 

___________content. 

Liquid Water 

Air containing 

water vapor 

molecules 

partial 

water vapor 

Vapor pressure may 

range from only 1 mb  

to 16 mb of the total 

air pressure reading. 



b.  Saturation (how does it occur?) 

(1) Initially, many _____molecules will leave the water surface than will 
_______. (Evaporation occurs at a greater rate than condensation.) 

(2) As more water molecules evaporate and enter the air. 

(a) Vapor pressure _________ in the air ______ the liquid. 

(b) This forces more water molecules to _______ to the liquid (condense). 

 

more 
return 

increases above 

return 

Initial  

Conditions 

Water 

Evaporating 



3. The air is saturated when: 

a. The number of molecules of water returning to the liquid ________the 
number leaving. 

b. __________ Vapor Pressure: The partial vapor pressure exerted by the 
motion of the water vapor molecules when the air is saturated. 

 

balances 

Saturation 

At a higher temperature 

the rate of water molecules 

leaving the liquid increases 

*Saturation!* 



(c) Saturation Vapor Pressure is Temperature Dependent 

(i) As temperature_________, the rate at which water 
molecules leave the liquid __________. 

(ii) Vapor pressure in the air above increases until a new 
____________is reached. 

(iii) Therefore, at ________temperatures it takes ______ 
water vapor to saturate the air. 

 

increases 
increases 

equilibrium 

higher more 



3. Relative Humidity 

a. Ratio of the airôs ________ water vapor content 
compared with the amount of water vapor required for 
_________________ at that temperature. 

 

b. Saturated air has a relative humidity of ______percent. 

 

c. Relative humidity can change as a result of: 
 

(1) Changing the amount of moisture in the air 

 

(2) Temperature change of the air 

 

 

100 

actual 

saturation 



Changing the Amount of Moisture 

Relative Humidity    =     Water Vapor Content 

           Water Vapor Needed to 

      Saturate the Air 

 



Changing the Temperature of the Air 

Relative Humidity    =     Water Vapor Content 

           Water Vapor Needed to 

      Saturate the Air 

 



Daily Changes in Relative Humidity 

Typical daily variation in temperature and relative humidity on a  

spring day in a middle latitude location 



 



Dehumidifiers 



Humidifiers 



Heat Index 



D.  Dew Point Temperature 

1. The temperature to which a parcel of air must be cooled 
to reach____________. 

2. As air cools to this temperature, condensation or 
deposition occurs. 

3. Formation of _______, _____, _____, or ______. 

4. Dew point is a good measure of the amount of water 
vapor in the air. 

a. Directly related to the ______________of water vapor in the air. 

b. Itôs easy to determine. 

c. Itôs plotted on the weather map station model. 

5. The closer the dew point temperature is to 
the_________________, the higher the relative humidity. 

6. Dew point temperature will not ___________the air 
temperature. 

 

saturation 

clouds fog dew frost 

actual amount 

air temperature 

exceed 



Dew Point Temperature on the 

Station Model 



E. Measuring Humidity 

Hygrometers are Instruments 

Used to Measure Humidity 



1.  Sling Psychrometer 

Dry-Bulb Thermometer 

indicates the air temperature 

Å Wet-Bulb indicates the moisture  

  Content of the air. 

Å Evaporation causes the wet-bulb 

  temperature to drop.  

Å Drier air will have a greater amount of 

  evaporation causing a lower wet-bulb 

  temperature. 

 

 
Wet-Bulb Thermometer 



Hygrometer 

 

Dry-Bulb 

Thermometer 
Wet-Bulb 

Thermometer 

Water Reservoir 

Wick 



The Hair Hygrometer 



Determining Relative Humidity  

Using a Psychrometer and the ESRT 



Determining Relative Humidity Using a 

Psychrometer and the ESRT 

Dry-Bulb = 20o C Wet-Bulb = 12o C 

RH = 36 % 



Determining Relative Humidity Using a 

Psychrometer and the ESRT 

Dry-Bulb = 20o C Wet-Bulb = 18o C 

RH = 82 % 



Determining Dew Point Temperature Using a 

Psychrometer and the ESRT 



Determining Dew Point Temperature Using a 

Psychrometer and the ESRT 

Dry-Bulb = 20o C Wet-Bulb = 12o C 

DP Temp. = 4o C 



Determining Dew Point Temperature Using a 

Psychrometer and the ESRT 

Dry-Bulb = 20o C Wet-Bulb = 18o C 

DP Temp. = 17o C 



ÅFind the relative humidity and dew point 

outside with the student psychrometers. 



Finding Relative Humidity Using 

Saturation Vapor Pressure 

ÅVapor pressure increases as relative 

humidity increases. 

ïAir with a relative humidity of 25% 

ÅHas 25% as many water vapor molecules as when 

itôs saturated 

ïIf the vapor content doubles to 50% 

ÅVapor pressure also doubles to 50% 



Finding Relative Humidity Using 

Saturation Vapor Pressure 

ÅRelative humidity is a measure of how close the 
air is to saturation. 
ïItôs expressed as a ratio of: 
Å water vapor content in the air to  

Å the maximum amount of water vapor it could hold at a given 
temperature. 

ÅRelative humidity can be calculated if we know 
the: 
ïActual Vapor pressure (determined by the vapor 

present in the air) at a given temperature 

ïSaturation Vapor Pressure at that temperature. 

 



Saturation Vapor Pressure 



Finding Relative Humidity Using 

Saturation Vapor Pressure 

ÅThe ratio of the actual water vapor content to itôs saturation 

vapor pressure can be expressed using the following 

equation: 

 

 

       Relative Humidity =                                               X 100 

 

 

ÅThe dew point temperature is used to find the actual vapor 

pressure. 

ïDewpoint is determined by the water vapor content of the air at a 

given temperature. 

Actual Vapor Pressure 

Saturation Vapor Pressure 



Sample Problem 

ÅGiven: 

ïAir temperature = 20o C 

ïDewpoint temperature = 15o C 

 

ÅStep 1:  Find the actual vapor pressure. 

ïUse the saturation vapor pressure of the 

dewpoint temperature. 

ïFrom the chart, this value is 16.9 mb. 



Saturation Vapor Pressure 



Sample Problem Continued . . . 

ÅStep 2:  Find the saturation vapor pressure 

  of the actual air temperature. 

ïThis will indicate what the vapor pressure 

would be if the air was saturated. 

ïFrom the chart, this value is 23.2 mb. 



Saturation Vapor Pressure 



Sample Problem Continued . . . 

ÅStep 3:  Substitute the values determined in steps 1 and 2 

into the equation for relative humidity. 

 

 

       Relative Humidity =                                               X 100 

 

 

Actual Vapor Pressure 

Saturation Vapor Pressure 

Vapor pressure of the 

 dew point temperature 

Vapor pressure of the 

Dry-bulb temperature 



Sample Problem Continued . . . 

ÅStep 3:  Substitute the values determined in steps 1 and 2 

into the equation for relative humidity. 

 

 

       Relative Humidity =                                               X 100 

 

  

     Relative Humidity = 73% (rounded to the nearest whole number) 

16.9 mb 

23.2 mb 



F.  Adiabatic Changes and Cloud Formation 

1.  Adiabatic changes 

 

a. Temperature changes without  __________ of heat 
with the surroundings. 

  

Å Temperature rises without the addition of heat.  

 

Å Temperature falls without the loss of heat. 

exchange 



Adiabatic Cooling 

b. Expansion of air: 

(1) Causes gas molecules to move _______________. 

(2) Air temperature ______________. 

(3) Caused by air ___________ (as it rises) and the 

___________ air pressure around the parcel of air. 

 

less rapidly 

decreases 

expanding 

decreasing 



Adiabatic Heating 

b. Compression of air: 

(1) Gas molecules more ___________________. 

(2) Air temperature ______________. 

(3) Caused by air being ___________ (as it sinks) by the 

___________ air pressure around the parcel of air. 

 

more rapidly 

increases 

higher 
compressed 



Adiabatic Temperature Change 

2. Dry Adiabatic Lapse Rate 

a. Applies to ____________ air 

b. Ascending air ________ causing _______ at 10o C/km. 

 

 

unsaturated 

expands cooling 



3.  Wet Adiabatic Lapse Rate 

a. As saturated air rises latent heat is ___________by condensation. 

b. The added heat _______down the rate of cooling as the air rises 

c. The wet adiabatic lapse rate varies with __________content 
(varying amounts of latent heat released) 

released 

slows 

moisture 



 



4. Lifting Condensation Level 
or (Cloud Base Altitude) 

a. Altitude at which rising air has cooled to 

its __________temperature. 

 

b. The lifting condensation level will be the 

altitude of the ____________. 

dew point 

cloud base 





Finding the Lifting Condensation Level 


