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Chapter 4  Surface Processes

Think About It 
Imagine you are watching the news on television and the 
meteorologist says, “We received one inch of rain yesterday.” 

• How much water was that? 

• Where is all that water today? 

• How might that water be changing Earth’s surface?

Record your ideas about these questions in your Geo log. Be 
prepared to discuss your responses with your small group and 
the class.

Investigate 
In this Investigate, you will examine some of the unique 
properties of water by calculating the time required to melt ice. 
You will then identify the various places where salt water and 
fresh water are stored on Earth. You will analyze how water is 
distributed among these sources. Finally, you will look at the 
various ways and rates in which water moves from place to 
place within the Earth system. 

Learning Outcomes
In this section, you will

• Calculate the time required 
to melt ice.

• Graph data to determine 
a heating curve for ice.

• Identify and analyze the 
various sources and distribution 
of salt water and fresh water 
on Earth.

• Generate a graphic model 
of the transport of water 
between reservoirs within 
the water cycle. 

• Understand that hydrogen 
bonds can be used to explain 
some of the unique properties 
of water.

Section 1 The Water Cycle
What Do You See?
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Part A: Calculating the Time Required 
to Melt Ice

 1. Read all of the steps of this investigation. 
Before you do the experiment, write 
down your hypothesis about how the 
temperature of the container will 
change over time.

a) How long will it take for the material 
to reach 30°C (86°F)?

b) How will the temperature change 
over time? In your log, sketch a 
graph of temperature over time.

Goggles must be worn throughout this activity. 
Wash your hands when finished.

 2. From a freezer or cooler of ice, obtain 
a small metal container packed full of 
crushed ice. Place it on a hot plate. 

 3. Cover the container with a piece of 
styrene foam and insert a thermometer 
into the container. The bulb of the 
thermometer should be about 2.5 cm 
from the bottom. 

 4. Take the initial temperature reading 
and then turn the hot plate on low. 
Continue to read the temperature every 
two minutes until the temperature 
reaches about 30°C.

a) Record the temperatures in a 
data table.

b) Make a graph with temperature on 
the vertical axis and time on the 
horizontal axis. Choose the scales on 
the axes so that the curve you plot is 
not too steep or too gentle.

 5. Compare your results to your hypothesis.

a) How do you explain any differences?

 6. From the graph, answer the following 
questions in your Geo log:

a) At what time do you think the ice in 
the container began to melt?

b) At what time do you think that all of 
the ice in the container had melted?

c) Different slopes of the curve you 
obtained reflect different rates of 
increase in temperature with time. 
How can you explain the differing 
rates of increase in temperature?

d) In most experiments, the 
measurement data points deviate at 
least slightly from a perfectly smooth 
curve. That effect is called “scatter 
in the data.” How might you explain 
the scatter in your data?

Part B: Water in the Hydrosphere 

 1. Fill five 4-L milk jugs with water. These 
five jugs of water represent all the water 
on Earth.

a) Calculate how many milliliters are in 
the 20 L (five milk jugs). Record this 
value. Note: The actual amount of 
water may not be exactly 20 L, but 
for the purpose of this model it will 
be satisfactory.

 2. Ice (mostly in the form of glaciers) 
holds 1.81 percent of all the water on 
Earth (see Table 1 on the next page).

a) If 20 L represents all the water 
on Earth, calculate the number of 
milliliters that represents the water 
found in glaciers. 
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 3. Remove this amount from the milk jugs 
and pour it into a separate container 
labeled “glaciers.” 

 4. Repeat Steps 2 and 3 for the water 
found in groundwater, saltwater and 
freshwater lakes and streams, and 
the atmosphere.

a) Record your calculations. 

b) Calculate the number of milliliters 
of water in the oceans, but leave the 
water in the milk jugs. 

c) Find the sum of the six values. 
How do you account for the 
“missing” water?

Clean up any spills. Dispose of the water.

 5. Develop your own model. The model 
should show the percentages of each 
category of fresh water (ice and liquid) 
and liquid fresh water. Use the values in 
Table 1. Use something other than water 
as the physical material for your model. 

a) From your work with the models, 
write down several observations or
discoveries that you found most 
surprising or striking. Explain 
your observations.

Have your teacher check the plan for your model.

Table 1: Distribution of Water in the Hydrosphere

Reservoir Percentage of 
Total Water

Percentage of 
Fresh Water 

(Ice and Liquid)

Percentage of 
Fresh Water 
(Liquid Only)

Oceans 97.54 — —

Ice (mostly glaciers) 1.81 73.9 —

Groundwater 0.63 25.7 98.4

Saltwater lakes
and streams 0.007 — —

Freshwater lakes
and streams 0.009 0.36 1.4

Atmosphere 0.001 0.04 0.2

These figures account for 99.9 percent of all water. They do not add up to 100 percent, because 
some water is tied up in the biosphere and as soil moisture.

Part C: Modeling the Water Cycle 

 1. The total volume of water near Earth’s 
surface is almost constant. This water 
is in constant motion. The water cycle 
describes how Earth’s water moves from 
place to place in an endless cycle. Study 
the diagram on the next page that shows 
a simplified version of the water cycle. 

 2. On the following page is a more 
complete list of the components of the 
water cycle. There are also definitions 
of some terms with which you may not 
be familiar. The list is divided into two 

parts: reservoirs (places where water is 
stored) and processes (ways that water 
is moved from place to place). 

a) Using blank sheets of paper, draw a 
rectangular box for each reservoir 
item. Try to keep the dimensions of 
the boxes less than about 2.5 cm. 
Write the name of each reservoir in a 
box. You will have to write small. 

b) Draw a circle for each process item. 
Make the diameter of each circle less 
than about 2.5 cm. Write the name 
of each process in a circle.
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Reservoirs:
• oceans • groundwater
• atmosphere • lakes
• clouds • rivers
• glaciers • vegetation
• soil moisture

Processes:
• evaporation from the ocean surface
• precipitation onto the ocean surface
• evaporation from the land surface
• precipitation onto the land surface
• precipitation onto glaciers
• condensation to form clouds
• melting of glaciers
• calving of glaciers
• surface runoff into rivers
• surface runoff into lakes
• infiltration of surface water
• groundwater flow
• river flow
• transpiration from plants
• uptake of water by plant roots

Definitions: 

Calving: Some glaciers end in the ocean. 
As the glacial ice moves forward into 
the ocean water, it breaks away from the 
glacier in huge masses, to float away as 
icebergs, which gradually melt. 

Groundwater: Some of the liquid water at 
Earth’s surface moves downward through 
porous Earth materials until it reaches a 
zone where the material is saturated with 
water. This water flows slowly beneath 
Earth’s surface until it reaches rivers, lakes, 
or the ocean. 

Infiltration: Some of the rain that falls on 
Earth’s surface sinks directly into the soil.

Soil Moisture: Water, in the form of liquid, 
vapor, and/or ice, resides in Earth’s soil 
layer. It is the water that remains in the soil 
after rainfall moves downward toward the 
groundwater zone. Soil moisture is available 
for plants. What is not used by plants 
gradually moves back up to the soil surface, 
where it evaporates into the atmosphere. 
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Surface Runoff: Some of the rain that falls 
on Earth’s surface flows across the land 
surface, eventually reaching a stream, 
a river, a lake, or the ocean.

Transpiration: Water taken up by the roots 
of plants is delivered to the leaves. Some of 
this water is used to make new plant tissue, 
and some is emitted from the leaves in the 
form of water vapor, by a process called 
transpiration. 

 3. Cut out all of the boxes and circles with 
a pair of scissors. 

 4. On a poster board, draw a horizontal 
line lengthwise across the middle of the 
poster board. This represents Earth’s 
surface in a vertical cross-section view. 

a) On the left half of the poster board, 
draw some mountains to represent 
a continent. 

b) On the right half of the poster board, 
draw a small island or a sailboat to 
represent a large ocean. 

c) Using the simplified water-cycle 
diagram as a model, place the 
boxes and circles that you have 
created where you think they belong. 
Tape them to the poster board with 
small pieces of removable tape. Using 
removable tape allows you to adjust 
the positions of the boxes and circles 
as needed.

d) With colored pencils, draw arrows 
between the various boxes and circles 
to show the movement or transport 
of water from place to place on or 
near Earth’s surface. Remember that 
a circle (process) will be located in 
the middle of an arrow between 
two different boxes (storage places). 
Think about whether the movement 
or transport is in the form of liquid 
water, water vapor, or ice (or two or 
three of these at the same time). Use 
blue for liquid water, red for water 
vapor, and green for ice. 

 5. Once everyone in your small group 
has agreed upon the best version of the 
water cycle, compare your results with 
those of the other groups. Answer the 
following questions: 

a) Is there net movement of water vapor 
from the oceans to the continents, or 
from the continents to the oceans? 
Explain your answer. 

b) Is there net movement of liquid water 
from the oceans to the continents, or 
from the continents to the oceans? 
Explain your answer. 

c) How does the nature of the water 
cycle vary with the seasons?

Part D: The Movement and Balance 
of Water in the Water Cycle

 1. Study the diagram on the next page that 
shows the rates at which water moves 
from one reservoir to another within 
the water cycle. Use the diagram to 
answer the following:

a) Rank the quantities of water within 
the reservoirs shown from highest
to lowest.

b) Rank the rates at which water moves 
among the various reservoirs from 
highest to lowest.

c) What is the difference between the 
rates of evaporation and precipitation 
over the oceans?

d) What is the difference between the 
rates of evaporation and precipitation 
over land?

e) How do the differences that you 
calculated in Steps 1.c) and 1.d) 
compare to the rate at which water is 
entering the oceans from the flow of 
runoff and groundwater?
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Geo Words
polar molecule: a 
molecule with a 
negative charge 
on one side and a 
positive charge on 
the other.

EARTH’S WATER
The Unusual Properties of Water
Did it surprise you that water is a very unusual 
substance? Its unusual properties are explained 
by the atomic structure of the water molecule. 
This structure consists of two hydrogen atoms 
bonded to an oxygen atom. (See Figure 1.) 
Because of the structure of the orbits of 
electrons around the three atomic nuclei, the 
three atoms are not in a straight line. Instead, 
they form an angle of 108°. Also, the orbiting 
electrons are more strongly attracted by the 
oxygen atom than by the hydrogen atoms. 
(Recall that electrons have a negative charge.) 
These two facts mean that the oxygen “side” 
of the molecule is negatively charged and the 
hydrogen “side” of the molecule is positively 
charged. (See Figure 1.) Molecules like this are called polar molecules. 
A polar molecule has a negative charge on one side and a positive 
charge on the other.

Digging Deeper

Figure 1 A water molecule 
is a polar molecule.
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Objects with the same electric charge repel one another. Objects with 
different electric charges attract one another. The negative end of a water 
molecule repels the negative end of another water molecule. However, 
it attracts the positive end. Attraction between opposing charges in a 
molecule creates a bond. This type of bond is called a hydrogen bond. 
Hydrogen bonds can explain some of the odd physical characteristics 
of water.

The temperature of any material is a measure of the average thermal 
vibration of its atoms and molecules. As heat is added to the material, the 
thermal vibrations increase. As a result, the temperature increases. As heat 
is added to ice, the water molecules vibrate more and more. Eventually, 
the vibrations break the hydrogen bonds that hold the structure together. 
The ice then melts to liquid water. Would you have guessed that it takes 
so much explanation to account for such a seemingly simple thing as the 
melting of ice?

When liquid water freezes to form ice, the water molecules become 
arranged in a specific way. The negatively charged hydrogen sides of the 
molecules are bonded to the positively charged oxygen sides of neighboring 
molecules. The water molecules are all bonded together with hydrogen 
bonds. When the ice melts, the water molecules are free to pack themselves 
more closely together. Because they are packed closely, the water molecules 
occupy less space. This results in a higher density. In other words, liquid 
water has a higher density than ice. That is why ice floats in water. (See 
Figure 2.) Out of the millions of substances known to science, only a handful 
has the property that the solid form can float in the liquid form. 

 Figure 2 Ice floats in water—an unusual but very important property of water.

Geo Words
hydrogen bond: a 
weak chemical bond 
between a hydrogen 
atom in one polar 
molecule and an 
electronegative 
atom in a second 
polar molecule.
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As thermal energy is added to liquid water, the temperature rises. The 
thermal vibration of the water molecules becomes stronger. Yet, as you 
saw in the Investigate, it takes a lot more heat to raise the temperature of 
water than ice. The reason is that only some of the hydrogen bonds are 
broken when ice melts. At any given time, a percentage of the molecules 
in liquid water are bonded to each other. As heat is added to water, a 
smaller and smaller percentage of the water molecules are hydrogen-
bonded. Heat added to water increases the thermal vibration. This breaks 
more of the hydrogen bonds as well. The amount of heat needed to raise 
the temperature of a substance is called its heat capacity. Because of the 
heat needed to break hydrogen bonds, the heat capacity of water is far 
higher than any other common substance.

If you add the same amount of heat to equal masses of liquid water and 
dry soil, the temperature of the soil rises much faster. That is why lakes 
can be chilly even on sunny, warm days. Because water can absorb so 
much heat, the oceans are the principal heat reservoir on Earth’s surface. 
For ordinary substances, higher pressure causes the melting temperature 
to be higher. The high pressure tends to keep the solid from expanding 
to form the liquid. For water, however, it is the opposite. Ice shrinks 
when it melts. Higher pressure helps with the shrinkage. It causes the 
melting temperature to be slightly lower. 

About 71 percent of Earth’s surface 
is covered by water. The unusual 
properties of water make it an 
important substance to the whole 
Earth system. The hydrogen bonds 
between water molecules allow for 
water to exist as a liquid over a wide 
range of temperatures. It has a high 
boiling point, 100ºC. It also has a 
low freezing point, 0ºC. As a result, 
water remains a liquid in most of 
the environments on Earth. Liquid 
water can store a large amount 
of heat. This property protects 
organisms that live in water. It is also 
responsible for the ability of water 
to regulate Earth’s climate. Liquid 
water can also dissolve a wide variety 
of compounds. This ability enables 
water to remove and carry materials from one part of the Earth system 
to another. Liquid water has a higher density than frozen water. This 
means that ice floats on top of water. If water did not have this property 
then ponds, lakes, and streams would freeze from the bottom up. This 
would have damaging effects on aquatic life. Finally, the expansion of 
water as it freezes fractures rocks, causing rocks to break apart. 
It has an important role in shaping Earth’s surface. 

Geo Words
heat capacity: the 
quantity of heat 
energy required 
to increase the 
temperature of a 
material or system; 
typically referenced 
as the amount of heat 
energy required to 
generate a 1°C rise in 
the temperature of 1 g
of a given material.

Figure 3 Nearly two percent of Earth’s 
water exists as ice.
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The Water Cycle

Water is the only common substance that exists at Earth’s surface as 
a solid, a liquid, and a gas. Water is present at or near the surface 
everywhere on Earth. In many places, the presence of water is obvious. 
You see it in the form of lakes, rivers, glaciers, and the ocean. You will 
read more about glaciers in a later section. Even in the driest of deserts, 
however, it rains now and then. Although the humidity there is usually 
very low, there is at least some water vapor in the air.

Water is in a continuous state of change. It can be found in the form of 
liquid, solid, or vapor. It is also found in many different places. Water is 
continuously moving from one place to another. It takes many different 
pathways in its movement. The combination of all of these different 
movements is called the water cycle. It is also referred to as the hydrologic 
cycle. The water cycle is an essential subsystem or component of the Earth 
system. Wherever water moves, it brings with it the capacity to physically 
and chemically change Earth’s surface.

The water cycle is called a cycle because Earth’s surface water forms a 
closed system. In a closed system, material moves from place to place 
within the system. However, it is not gained or lost from the system. 
Earth’s surface water is actually not exactly a closed system. Relatively 
small amounts are gained or lost from the system. Some water is buried 
with sediments. It becomes locked away deep in Earth for geologically 
long times. Volcanoes release water vapor contained in the molten rock. 
Nonetheless, these gains and losses are very small compared to the 
volume of water in Earth’s surface water cycle.

Evaporation and precipitation are the major processes in the water cycle. 
The balance between these processes varies from place to place and 
time to time. As you saw in the Investigate, there is more evaporation 
than precipitation over Earth’s oceans. On the other hand, there is more 
precipitation than evaporation over Earth’s continents. This is important 
for two reasons. There is a net movement of water vapor from the oceans 
to the continents. There is also a net movement of liquid (and solid) water 
from the continents to the oceans as well. 

The oceans cover about three quarters of Earth. Ocean water is constantly 
evaporating into the atmosphere. If enough water vapor is present in the 
air, and if the air is cooled sufficiently, the water vapor condenses to form 
tiny droplets of liquid water. If these droplets are close to the ground, 
they form fog. (See Figure 4.) If they form at higher altitudes, by rising 
air currents, they form clouds. Sometimes, water vapor in clouds reacts 
chemically with compounds in the air, forming acids. These acids mix with 
raindrops and fall as acid rain. Acid rain creates holes or soft spots in 
rocks, causing rocks to break apart more easily. 

Geo Words
water cycle (or 
hydrologic cycle): the 
constant circulation 
of water from the 
sea, through the 
atmosphere, to 
the land, and its 
eventual return to the 
atmosphere by way 
of transpiration and 
evaporation from the 
land and evaporation 
from the sea. 

closed system: a 
system in which 
material moves from 
place to place but is 
not gained or lost 
from the system. 

evaporation: the 
change of state of 
matter from a liquid 
to a gas. Heat is 
absorbed. 

precipitation: water 
that falls to the 
surface from the 
atmosphere as rain, 
snow, hail, or sleet.
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 Figure 4 What part of the water cycle does the fog over the San Francisco Bay illustrate?

All of the solid or liquid water that falls to Earth from clouds is called 
precipitation. Snow, sleet, and hail are solid forms of precipitation. Rain 
and drizzle are liquid forms of precipitation. When rain falls on Earth’s 
surface, or snow melts, several things can happen to the water. Some 
evaporates back into the atmosphere. Some water flows downhill on 
the surface, under the pull of gravity, and collects in streams and rivers. 
This flowing water is called surface runoff. Most rivers empty their water 
into the oceans. Some rivers, however, end in closed basins on land. 
Death Valley and the Great Salt Lake are examples of such closed basins. 
Running water creates many landforms. Moving water is the major agent 
that shapes Earth’s land surface. As water moves over the land, it carries 
particles of rock and soil with it. Eventually, these particles are deposited 
in other places where the moving water slows down.

 Figure 5 Some of the water that falls to Earth’s surface collects in streams.

Section 1  The Water Cycle

Geo Words
surface runoff: the 
part of the water 
that travels over 
the ground surface 
without passing 
beneath the surface.
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Some precipitation soaks into the ground rather than evaporating or 
running off. Under the pull of gravity, the water moves slowly downward. 
It percolates through the open pore spaces of porous soil and rock 
material. Eventually, the water reaches a zone where all of the pore spaces 
are filled with water. This water is called groundwater. Some water, called 
soil moisture, remains behind in the surface layer of soil. (See Figure 6.)

Figure 6 Schematic diagram of groundwater flow.

Several factors affect how groundwater moves through rock and 
sediment. Porosity is one factor. It is a measure of the percentage of 
pores (open spaces) in a material. Permeability is another factor. It is 
a measure of how easy it is for water to flow through a material. In 
general, permeability increases with grain size. Large-grained materials 
have larger pore spaces. Also, the pore spaces are well connected. Water 
passes most easily through these types of materials. Sand and gravel 
are examples of permeable materials. Water passes very slowly through 
finer materials. They have few and poorly connected pore spaces. These 
materials are called impermeable. Clay and granite are examples of 
impermeable materials.

Down to a certain depth below the surface, the pores in the sediment and 
rock are mostly filled with air. The exception is when water is percolating 
downward after a heavy rain. (Percolate is a term used to describe the 
passing of water through a porous material.) This is called the unsaturated 
zone. Eventually the downward-moving water reaches a zone called the 
saturated zone. In this zone, all of the pores are filled with water. The top 
of the saturated zone is called the water table. These zones are illustrated 
in Figure 7. The water table can be located at the surface in places next to 
rivers and lakes, and also in wetlands. In some areas it can be many tens 
of meters below the surface.

Geo Words
groundwater: 
the part of the 
subsurface water 
that is in the zone of 
saturation, including 
underground streams.

porosity: a measure 
of the percentage of 
pores (open spaces) in 
a material. 

permeability: a 
measure of how easy 
it is to force water 
to flow through a 
porous material. 

saturated zone: the 
zone, beneath the 
water table where all 
of the pores are filled 
with water.

water table: the 
surface between the 
saturated zone and 
the unsaturated zone 
(zone of aeration). 
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Geo Words
transpiration: the 
process by which 
water absorbed 
by plants, usually 
through the roots, 
is emitted into the 
atmosphere from the 
plant surface in the 
form of water vapor. 

Because  groundwater must move through small pores, it flows very 
slowly. Groundwater speeds of one meter per day are considered high. 
Speeds as low as one meter per year are common. The smaller the 
pore spaces between the grains, the slower the groundwater flows. 
Groundwater moves from areas where the water table is relatively high 
to areas where it is relative low. Figure 8 shows the flow of groundwater 
in a typical landscape.

  Figure 8 The water table (WT) is shown as a dashed line. The arrows show
the direction of groundwater flow.

Precipitation that falls to Earth’s surface is important in surface processes. 
The water breaks solid bedrock into smaller and smaller pieces. Many 
organisms begin to live in these materials. Over time, the organisms die, 
decay, and add nutrients to the materials to form soil. The roots of plants 
absorb some of the water that soaks into the soil. This water travels 
upward through the stem and branches of the plant into the leaves and is 
released into the atmosphere as a vapor in a process called transpiration. 

Figure 7 The main two 
zones of the groundwater 
system—saturated and 
unsaturated. The water 
table marks the upper 
surface of the saturated 
zone.
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  Figure 9 Plants such as these broad-leaf trees play an important part in the 
water cycle.

Each year, about 37,000 km3 of water flows from the surface of the 
continents into the oceans. That is how much more precipitation there 
is than evaporation on the continents. This water carries sediment 
particles into the ocean. The particles come to rest on the ocean floor. 
It also carries dissolved minerals into the ocean. When seawater 
evaporates, the dissolved materials are left behind. Over time, this 
process has made the oceans as salty as they are now. 

In Earth systems science, the water cycle is viewed as a flow of matter 
and energy. Each place that holds water is called a reservoir. The rate 
at which water flows from one reservoir to another in a given time is 
called a flux. Energy is required to make water flow from one reservoir 
to another. On average, the total amount of water in all reservoirs 
combined is nearly constant. Although the data table in the Investigate 
suggests that reservoirs have a constant amount of water in them, this 
is not the case. The amount of water stored in any one of them varies 
over time. For example, in many areas there may be more water in the 
form of groundwater during the spring. During this time precipitation 
is high, and water use and evaporation is low. There may be less in the 
summer. That is when precipitation is low, and evaporation and water
use are high. 

Geo Words
reservoir: a place in 
the Earth system that 
holds water. 

flux: the rate of 
movement of water 
from one reservoir to 
another.

Checking Up
1. In your own words, 

describe the atomic 
structure of the 
water molecule. 
You may wish to 
use a diagram in 
your description.

2. Why does ice float 
in water?

3. Does ice melt more 
or less easily under 
pressure? Explain 
your answer.

4. In your own words, 
describe the water 
cycle. 

5. Explain why the 
water cycle can be 
viewed as a closed 
system. 

6. Describe three 
“paths” of the 
water cycle that 
precipitation can 
follow once it 
reaches the surface 
of Earth.
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Think About It Again
At the beginning of this section, you imagined you were watching the news on television 
and heard the meteorologist say, “We received one inch of rain yesterday.” You were then 
asked the following:

• How much water was that? 

• Where is all that water today? 

• How might that water be changing Earth’s surface?

Record your ideas about these questions now. Refer to the ways in which water is stored 
and cycled through the Earth system.

Reflecting on the Section and the Challenge
You read about several unusual properties of water. It takes a large amount of heat to 
melt ice. It takes even more heat to raise the temperature of water. Unlike almost all other 
substances, water is less dense in the solid form than in the liquid form. The melting 
temperature of ice is slightly lower at high pressure than at low pressure. Understanding 
these properties helped you understand the nature of the water cycle. You saw that water 
is transported between reservoirs within the Earth system by different processes. You also 
determined that the rate at which water flows from one reservoir to another in a given time 
varies. This information will be important as you look at the role of water in breaking 
down and building up Earth’s surface. 

EC_Natl_SE_C4.indd   383 7/12/11   9:54:48 AM



EarthComm
384

Chapter 4  Surface Processes

Understanding and Applying

 1. Which do you think responds more slowly to seasonal changes in climate: an ice 
sheet or a wide ocean? Explain your answer using what you learned about the 
properties of water.

 2. What would happen to Earth’s oceans if ice sank instead of floated in water?

 3. Prepare a table of the important physical properties of ice.

 4. Describe the different conditions on Earth under which water is a solid, a liquid, 
or a gas. 

 5. If 37,000 km3 of water flow from the surface of Earth into the oceans each year, 
how many cubic kilometers of water evaporate from the oceans each year? 

 6. The data table in the Investigate defines the hydrosphere somewhat differently than 
the image shown in the front of the book. Explain any differences you note between 
the data table and the image. 

 7. Preparing for the Chapter Challenge

  Write a few paragraphs explaining how the properties of water influence the 
movement and storage of water within the Earth system. As you continue through this 
chapter, you will be applying these ideas in your evaluation of the suitability of the 
landscape of each city for Olympic facilities. 

Inquiring Further 
 1. Calculating the change in volume when water freezes

  With the approval of a responsible adult, try the following investigation at home.

•  Take a plastic milk jug—one with a screw-top cap and dimples on the side (small 
depressions in the plastic). Fill it completely full of water. Pour the water into a 
large measuring cup and measure the volume of water.

a) Record the volume, then pour the water back into the jug.

•  Cap the jug and put it in a freezer until it is frozen solid.
b) What happens to the shape of the jug?

•  Remove the frozen jug from the freezer. Set the jug aside (perhaps until the next 
day) until all the ice has melted. Keep the cap on the jug to prevent evaporation.

c)  How does the water level in the jug compare with the level when you put the jug 
in the freezer?

•  Fill a measuring cup with water.
d) Record the volume of water in the cup.

•  Using the measuring cup, pour water into the jug until it is brim-full. Be as 
careful as possible not to disturb the shape of the jug as you handle it.
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e)  Calculate and record the volume of water that you needed to add to fill the jug 
to the top. To do this you will need to subtract the final volume of water in the 
measuring cup from the initial volume you recorded in Step d).

f)  Calculate the percentage change in volume of the jug using this equation:

percent change additional volume of water added=
ooriginal volume of water in jug

100%�

g) What do you think is the purpose of the dimples in the milk jug?

h) Is your result likely to be an overestimate or an underestimate? Explain your answer.

i)  What do you think might happen to soil or rock when water that is trapped inside 
of it freezes?

 2. Volcanic eruptions and the water cycle 

Volcanic eruptions release large amounts of water vapor. After you have done some 
research, construct a water-cycle diagram that shows the reservoirs and flow of water 
and water vapor in a volcanic region. 

 3. Dating water 

Investigate how chlorofluorocarbons (CFCs) released from aerosols and tritium 
(hydrogen 3) released during global nuclear testing in the 1950s and early 1960s 
are used to determine the age of groundwater.

Section 1  The Water Cycle
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