Weather’s Central Actor: Water
Water is a special substance, with properties very different from those of other compounds. It is the only substance on Earth that occurs naturally in all three states-solid, liquid, and gas. Liquid water covers nearly two-thirds of Earth’s surface and water in one form or another affects almost all living and non-living things. Water may change phase in response to changing conditions of temperature and pressure. Although the state and location of a molecule of water generally changes over time, the total quantity of water in all forms in Earth’s hydrosphere is constant. 

Hydrologic Cycle

The hydrologic or water cycle describes how this fixed amount of water moves through the environment. Water is evaporated or transpired (released by plants) into the atmosphere, where it eventually condenses and returns to Earth’s surface as precipitation. Here it may be temporarily stored in glaciers, lakes, underground reservoirs, or living things before returning by rivers to the oceans, or again be transpired or evaporated directly back into the atmosphere. At any one time, about 97% of Earth’s water is in the ocean, 2.2% is frozen in ice caps and glaciers, and a mere 0.001% is contained in the atmosphere. The time that any given water molecule spends in one form or location may be fairly long, but the atmospheric part of the hydrologic cycle is especially dynamic. 
The relatively small amount of water in the atmosphere is essential in creating Earth’s weather systems and climate. Atmospheric heating, humidity, cloud formation, and precipitation are all directly related to the amount of water vapor (gaseous water) in the atmosphere. 
The amount of water vapor in a given region of the atmosphere depends on the temperature of the air and the source of the water. The capacity of air to hold water vapor increases exponentially with the temperature of the air, so that warm air can hold much more water vapor than cool air. A measure of moisture content is relative humidity. It is defined as the amount of water vapor in the air relative to the maximum amount the air could hold at that temperature. The amount is expressed a percentage and termed relative humidity because the same percentage for two different temperatures represents different amounts of moisture in the air. Relative humidity is generally spoken of in terms of perceived humidity or comfort level. 
When air holds all the water vapor it can, the air is said to be saturated, and the relative humidity is reported as 100%. If warm, unsaturated air is cooled, it will eventually reach a temperature where the amount of water vapor already in the air will equal the total amount that the air can hold. At this temperature, called the dew point, the air becomes saturated and the water vapor will begin to condense to form water droplets, clouds, for, or dew. The more water there is in unsaturated air, the less the air has to be cooled for condensation to occur. For this reason, the dew point can also be used as a measure of the actual amount of water vapor in the air. If the dew point is very close to the air temperature, then the air is said to be humid. 

Water and Heat transfer 

Water must absorb or release a significant amount of thermal energy before an actual change in temperature is observed. This is also a result of the numerous hydrogen bonds that occur between water molecules. Hydrogen bonding results from the attraction between the slightly positively charged hydrogens of one water molecule and the negatively charged oxygen of another water molecule. Hydrogen bonds are largely responsible for properties of liquid water such as its dissolving power, surface tension, capillary action, and droplet formation. 
[image: image1.emf]These hydrogen bonds must be broken before increased molecular motion can cause a temperature increase to occur. This property is referred to as specific heat. The specific heat of a material indicates the amount of energy required to change the temperature of the material. The greater the specific heat of a substance, the more energy absorption required to increase its temperature. Similarly, the greater the specific heat of a substance, the greater the amount of energy will be released when its temperature is lowered. 

The large specific heat of liquid water and the large quantity of water in the ocean allow the ocean to absorb and store a large percentage of the radiant energy that Earth receives from the sun. This results in slow, incremental changes in ocean temperatures throughout the year as compared to the relatively quick temperature changes of the continents. The ocean is generally warmer than the continents in winter and cooler than the continents in summer. Because water absorbs and retains so much heat, the ocean tends to moderate Earth’s air temperature and climate, especially along coastal regions, where it buffers temperature fluctuations. 

Latent heat
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Water also has large latent heat (the amount of energy associated with changes of phase/state). This property of water results from the hydrogen bonding between water molecules. In the solid state, water molecules are hydrogen bonded to each other in a regular crystal lattice. In liquid water, molecules of water line up in chain-like configurations that readily glide past one another. This gives water its fluid properties. In the vapor state (as found in the atmosphere), all of the hydrogen bonds between water molecules are broken and water exists as solitary molecules of gas. 
Latent heating is a major mechanism for atmospheric heating, much more so than is sensible heating. Latent heat is the energy released or absorbed when a substance changes phase: from solid to liquid, liquid to gas, gas to liquid, or vice versa. The latent heat associated with changes in phase of water is described in the figure to the right. LOOK AT IT!
This diagram illustrates how energy is absorbed and released as one gram of ice at -10°C is transformed into one gram of water vapor at 110°C. As heat energy is applied to the ice, its temperature increases until it reaches 0°C, the melting point of water. An additional amount of heat energy must be absorbed by the water to change its phase from solid to liquid (between points S and L on graph) The amount of heat energy required for this transformation is called the latent heat fusion. During the addition of the latent heat of fusion, the temperature of the water remains constant until all of the solid ice is melted into liquid water. LOOK AT THE DIAGRAM! 
As more heat energy is added to the gram of (now liquid) water, its temperature increases steadily until it reaches 100°C, water’s boiling point. Just as with the transition from solid to liquid, an additional amount of heat energy must be absorbed by the water to change its phase from liquid to vapor. This amount of heat energy is called the latent heat of vaporization.  As during melting, the water’s temperature remains constant until all the liquid is evaporated to water vapor, a gas. LOOK AT THE DIAGRAM! 
As more heat energy is added to the gram of water vapor, the temperature of the gas increases from 100°C to 110°C. If the process were reversed, the same amount of heat energy that was absorbed when the water was warmed would be released as the water cooled. Heat energy is released when the gas cools, when the gas condenses into liquid water, when the liquid cools, when the liquid freezes into a solid, and when the ice cools further. LOOK AT THE DIAGRAM!
Latent heating of Earths atmosphere occurs as heat energy from the sun causes water on Earth’s surface to evaporate into the overlying air. When liquid water from the surface evaporates, the latent heat of vaporization is stored in the water vapor. As air containing the water vapor is warmed by Earth’s surface (through conduction and convection), it rises, carrying the water vapor with it. As the air rises, it expands and cools, and when the air becomes saturated some of the water vapor condenses into water droplets. This change of phase releases the stored latent heat of vaporization into the atmosphere, where it warms the surrounding air further and causes it to rise more. As the rising air expands and cools, additional water vapor condenses, additional heat is released, and the process continues. It is important to note that the process of latent heating builds on the process of sensible heating and allows considerable heat energy to be transferred from Earth’s surface into its atmosphere. 
Check your understanding. Answer the following questions on your own sheet of paper using complete sentences. 

1. How does temperature affect the capacity of air to hold water vapor?

2. Can dew point measure the amount of water vapor in the air? How?

3. Describe the difference between specific heat and latent heat. Use specific examples from class to illustrate your point. 

4. Draw the phase change diagram exactly as it appears in the reading. For each change of phase below describe how heat is being transferred from the substance (water) to the surroundings.

a. Solid to liquid (melting)
b. Liquid to gas (evaporation)
c. Gas to liquid (condensation)

d. Liquid to solid (freezing)

5. On your diagram, circle where latent heat is. 
