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THE EFFECT OF THE GREAT LAKES ON TEMPERATURE
TEACHER GUIDE

by
James D. Meinke, Beth A. Kennedy and Rosanne W. Fortner

Ohio Sea Grant Education

OViERVIEW

When a large container of water is placed in a room with foods, as descnbed in the Introduction to the Investigation, the water
will prevent the foods from freezing since water acts as a heat source if it is at a higher temperature than its surroundings. Water
adcfs heat energy to the atmosphere thereby keeping lhe room warm and the food from freezing.

In Activity A students study the ideas of heat source and heat sink. They conduct an experiment on the effect of solar
heating on sail and water using a lamp as a source of radiation. They collect and analyze data on the temperature differences
between soil and water and the air immediately above them.

In Activity B they apply this knowfedge of heat sources and sinks to Lake Erie and Ohio, and to the oceans and land masses of the
world to study the efiect of large bodies of water on climate,

PREREQUISITE STUDENT BACKGROUND OB JECTIVIES

When the students have completed these activities, they
should be able to:

The students should know how to graph data.

MATERIALS

SUGGESTED APPROACH
3. Describe the effects of the Great Lakes upon the

temperature of Ohio.Activity A could be done in larger groups to help cut down
on the amount of equipment needed.

NOTE: Information to teachers is enclosed in boxes in this
guide.Activity B could be done in these same groups, or done

individually.

Each lab group should have four thermometers, a container
of dark soil and one of water, two 30 cm rulers, masking tape,
ringstand, graph paper, and a light with refilector. The light
should be at least f50 watts.

1. Describe how soil and water differ in their ability to
absorb and release heat energy,

2, Describe how this difference in heat absorbed or
released affects the atmosphere immediately above the
land and immediately above the water.
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INTRODUCTION

Even as far back as the "iog cabin days," peopie knew that water absorbs a great deal of heat
energy and can in turn release this heat. Pioneers would prevent foods from freezing on colo nights
by placing a large container of water in the room. Can you think of why this might works

In this investigation we wilt explore how bodies of water can affect the surrounding areas-

ACTIVITY A: WHAT ARE HEAT SOURCES AND WEAT SINKS

KEYWORDS: Heat source, heat sink, isotherm. PROCEDURE

Set out the soil and water a day ahead to allow them to
come to room temperature.

Set up your materials according to the
following directions.  See Figure t,!

A. Place the containers of earth and water

MAT

of s

mas

light

Figure 1. Set-up used in Activity A.
2

The introduction to Activity A is meant to introduce the
most widely observed effect of heat sources and heat
sinks. What is happening? The spring sunshine has warmed
the land's surface rapidly, thus the land was a heat sink for
a short period of time. Then the land became a heat source
as it re-radiated or gave up its heat to the air above it thus
adding mare heat to the air. The water, however, acts as a
heat sink for a much longer period of time and warms up
much slower; this is why water is cooler during the days
of spring and early surnrner than the surrounding air.

In the early spring when the weather is
warming, some days are so hot we would like to
jurnp in the lake and take a swim. We would
find, however that even though the air is hot
the w

Steps A-G describe the experiment set-up shown in
Figure t of the student guide. Each student set-up should be
examined by you before the students turn on the lamp.
Check to make sure that the thermometer bulbs are shaded
from the direct light. You should point out the importance
of taking accurate temperature readings.



Thermometer 1

 above earth!
Time

Elapsed
Thermometer 2

 in earth!
Thermometer 3
 above water!

Thermometer 4
 in water!

1 min.

2 min.

3 min.

Figure TG 1. Sample Data Table

C, Place one thermometer in the soil with the
thermometer bulb just barely covered.
Attach with masking tape to the ruler.

D. Place another thermometer close to the first
one, but about 1 crn above the soil. Attach
with masking tape to the ruler.

E. Repeat steps C and D for the container of
water.

F, Place the lamp on a ringstand with the
reflector pointing down.

2. Turn the lamp on. At one-minute intervals
record the temperatures indicated on each
of the four thermometers. Continue for 12
minutes.

3. Turn the lamp ~f, Continue recording
temperatures at one-minute intervals for
l2 minutes,

4, Plot your data on the time-temperature
graph in your work sheet. Use a different
color for the data from each thermometer.

T2-4, To help make the graphs easier to interpret, it is best
if all the initiaf temperature readings for each set-up
are the same. ff the students' thermometers did not
read the same at the beginning. then the temperature
readings should be adfusted so that the initial
temperatures are equal. This is done by finding the
difference between the thermometer with the lowest
reading and each of the others. The difference for
each of the other thermometers is then subtracted
from each reading given by the thermometer.

G. Position the lamp 30 cm above and centered
between the containers.

H. Be certain that the bulb of each thermometer
is shielded from the direct rays of the lamp.

After your teacher has examined your set-up,
do the following:

1, Construct a data table according to the
instructions of your teacher.

Answer questions S-7 using data from the ~
12-minute intervals on the data table and time-
temperature graph. Put your answers on your
work sheet,

5. With the light on, does air heat up faster
over the soil or over the water?

6. Which changes more, the temperature of
soil or the temperature of the water?

Te and 8. While the lamp is on, the soil should be heating up
more rapidly than the water since soil has a lower
specific hest and it absorbs all radiation close to the
surface. Specific heat is the amount of heat fin calories!
required to raise the temperature of one gram of
substance by one degree Celsius. The specific heat of
water is t, For all other common liquids and solids the
specific heat is less than 1.

After the light is turned off, the soil should cool more
rapidly than the water because of its lower specific
heat.  See Figure TG 2!, Note that the curves for soil
and water do show a drop at different rates in Section B
of the graph. Most students should be able to notice the
difference on this part of their curves.



7. Which absorbs more energy, soil or
water?

T7 and 9. The water will absorb more energy. it will be
very difficult for students to understand this. The clue
is in the 'air" curves. The air over the soil heats up
much more rapidly than that over the water. This is
because soil cannot hold on to the heat energy and gives
it right back to the atmosphere. The difference in the
two curves therefore implies that the water has a
greater capacity for storing heat energy. This idea is
further supported by the ends of the two curves. Note
that they cross at about t9 minutes, Note that the
curves continue to diverge after 19 minutes. Water is
acting as a source of heat energy for the atmosphere.

Use the data for the ~ t2-minute intervals
to answer questions 8-11.

8. With the light off, which changes more: the
temperature of soil or the temperature of
the water?

9, Which changes most after the light is turned
off, the temperature +t~y. the soil or the
temperature ~ the water'?

10. Which loses heat faster, soil or water?

Tt0. Soil loses heat faster than water.

I

t1. Which keeps heat energy longest, soil or
water?

Anything that adds heat energy to the
atmosphere is called a heat source. A heat
sink takes energy from the atmosphere.

12. Could soil or water be considered a heat
sink while the light was on? Discuss.

13. After the light was turned off, was the soil
a heat source? Was the water a heat

source? Discuss.
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ACTIVITY 8: HOW L THE GREAT LAKES ANO THE OCEANS AFFECT CLIMATE?

3. Explain the differences in temperature
patterns between July and January,

KEYWORDS: isotherm

T3. During the summer the lake absorbs energy but the land
re-radiates energy to the atmosphere. Therefore. air
over land is warmer than that over the water. In the
winter the energy absorbed by the lake water is
gradually released to the atmosphere, making the air
over the water warmer than that over the land.

4. Is Lake Erie a heat source or sink'7 Discuss.

5. Describe the effects of Lake Erie on the
temperature of northern Ohio,

PROCEDURES

6. Follow parallel 60 N latitude across Figure
4. How is temperature affected by the
continents? By the oceans?

Figures 2 and 3 are maps of Ohio with
isotherms drawn on them. An Isotherm is a line

that connects points of equal temperature, Those
on Figure 2 represent the average temperature in
Fahrenheit for the month of July. The isotherms
in Figure 3 represent average temperatures for
the month of January.

T6. As you follow sooN parallel across the map for July the
temperature rises over the continents and falls over
the oceans.

If your students are familiar with how to make a
topographic profile, they could make a temperature
profile here to show this more graphically.

1. What happens to the average temperature
along line AB in Figure 2 as Lake Erie is
approached from the west?

You might also wish to look at other latitudes such as

3ooS for examples of temperature differences.

7. Do the same for Figure 5. Describe the
differences in average temperatures.

2. What happens to the average temperature
along line CD in Figure 3 as Lake Erie is
approached from the west?

T2, As you approach the lake from the west, the
temperature increases,

In Activity A, you learned that the pan of water
was a good heat sink while the lamp was on and a
good heat source while the light was off. Soil
also acts as a heat sink and source, but its
capacity to hold energy is much lower than that of
water, Therefore, soil will become a heat source
soon after the light is turned on and will quit
acting as a heat source not long after the light is
turned off.

A body of water such as a lake acts much the
same way during the summer. During the day the
water is a heat sink, storing up heat from the
atmosphere. At night it becomes a heat source,
giving up heat throughout the night. If you live
near a lake you have experienced land sea breezes
which are caused by the lake, Lake water tends to
increase in temperature all summer. This
indicates that it is storing up extra energy from
the atmosphere. It acts as a heat sink throughout
the summer, ln the winter, however, there is
less radiation from the sun. Then lakes become

heat sources giving up their energy to the
atmosphere.

Oceans are also large bodies of water, They
affect temperature in much the same way as large
lakes, Figure 4 is a map of the world on which
are drawn isotherrns representing the average
temperatures in January. Notice that the average
temperatures in Figures 4 and 5 are given in
degrees Celsius. The Ohio temperature maps are
in degrees Fahrenheit.



Figure 2. Mean Maxirnurn Temperature of an average July  oF!

Figure 3. Mean Minimum Temperature of an average January   F!



Figure 4. World Map of Average Temperatures in July   C!.

Ai

Fc

Figure G. World Map of Average Temperatures in January it C!.0

The oceans affect the temperature of Ohio.
When we have warm winter temperatures we are
under the influence of air that starts over the
oceans. The cold, frigid winter air comes from
northern Canada, where the oceans do not have an
effect.

8. Do oceans act as heat sources or sinks? How

do you know?

T8. Oceans act as heal sources in winter and heat sinks in
summer, just as Lake Erie does.

Teacher Note: Two on-line databases are available to
enhance this activity by bringing into the classroom the
current temperatures in your loca! area.

The Ohio Autoweather Network has hourly and daily data on
solar radiation, air and soil temperature, wind speed and
direction, relative humidity and rainfall. There is a
user-friendly access system. Contact the Agricultural
Engineering Department at OAROC in Wooster �16!

9. Do continents ever act as heat sources?

Explain.

T9. The continents act as heat sources in summer and heat
sinks in winter, just as the land in Ohio does.

Accu-Weather, Inc, provides simila
graphing displays and printouts for
current and historical. The Accu-Da
over an 800 toll free line, and ed
available for 300 to 2400 band tran
ACCU-wEATHER, Inc�619 W, Golleg
1 6803.  8 t 4! 234-9601,
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REVtEW QUESTIONS

1. What is a heat source? What is a heat sink?

R1. A heat source adds heat energy to the atmosphere, A
heat sink takes energy from the atmosphere,

2. When do large bodies of water, such as Lake
Erie, act as heat sources? Heat sinks?

3. How does the temperature of northern Ohio
differ from that of central Ohio'? What

causes this difference?

EVALUATION ITEMS

1. A heat sink

a. has a higher temperature than its surroundings.
b, "gives off" excess heat,

'c. absorbs and stores excess heat.
d. is the Great Lakes in the wintertime.

2. Generally, the average summer air temperature at the shore
of a large lake is

a. warmer than 50 miles inland.
*b. cooler than 50 miles inland.
c. the same as 50 miles inland.
d. dependent upon the direction of the prevailing winds.
e, usually the same as the average temperature in winter.

3. If you place a bucket of water and a bucket of soil out in the
sun in the morning, what would happen to their
temperature?

a. Their temperatures would not change.
b, Both would warm up at the same rate.
c. Water would warm up faster than the soil.

*d. Soil would warm up faster than the water.

4. If you kept those same two buckets outside until after the
sun set, what would happen to the temperatures?

a. Both would cool at the same rate.
'b. Soil would cool faster.
c. Water would cool faster.
d. Their temperatures would not change.

5, The isotherms in the map of Northern Ohio below represent
the average daily high temperature for a month with one
being the lowest and five being the highest average daily
temperature.

This map represents
'a. summer temperatures,
b. winter temperatures.
c. early fall temperatures.
d. cannot tell.



Name

THE EFFECT OF THE GREAT LAKES ON TEMPERATURE
WORK SHEET

4ctlvlty 4: What are Heat Sources and Heat Sinks?

1-4j Follow instructions and put the answers on the graph below.

Time elapsed  minutes!

Key to graph lines:
Air over soil-

Air over water-
So il-

Water-

S. With the light on, does air heat up faster over the soil or over the water?

6. Which changes more, the temperature of soil or the temperature of the water?



7. Which absorbs more energy, soil or water?

8. With the light off, which changes more, the temperature of soil or the temperature of the

water?

9. Which changes most after the light is tumed off, the temperature ~ the soil or the

temperature ~ the water?

10. Which loses heat faster, soil or water?

11. Which keeps heat energy longest, soil or water?

12. Could soil or water be considered a heat sink whife the light was on? Discuss.

13. After the light was turned off, was the soil a heat source? Was the water a heat source?

Discuss.

Activity 8: How do the Great Lakes and the Oceans Affect Climate?

1. What happens to the average temperature along line AB in Figure 2 as Lake Erie is approached

from the west?

2. What happens to the average temperature along line CD in Figure 3 as Lake Erie is approached

from the west?

3, Explain the differences in temperature patterns between July and January,

4. fs Lake Erie a heat source or sink? Discuss.

5- Describe the effects of Lake Erie on the temperature of northern Ohio.



6, Follow parallel 60 N latitude across Figure 4, How is temperature affected by the

continents? By the oceans?

7, Do the same for Figure 5. Describe the differences in average temperatures.

8. Do oceans act as heat sources or sinks? Mow do you know?

9. Do continents ever act as heat sources? Explain.

Review Questions

1. What is a heat source? What is a heat sink?

2. When do large bodies of water, such as take Erie, act as heat sources? Meat sinks?

3, Mow does the temperature of northern Ohio differ from that of central Ohio? What causes this

difference?
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by
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INTRO DUCTION

E f b k th "Io cabin days," people knew that water
d i t r lease this heat. Pioneers would prevent foods

n the room. Can yo

ln this investigation we will exptore how bodies of water can affect the surrounding areas.

OBJECTIVES: When you have completed this investigation, you should be able to:

Describe how soil and water differ in their ability to absorb and release heat energy.

2. Describe how this difference in heat absorbed or released affects the atmosphere immediately
above the land and immediately above the water,

3. Describe the effects of Lake Erie upon the temperature of Ohio.



ACTIVITY A' WHAT ARE HEAT SOURCES AND HEAT SINKS?

PROCEDURE

ross each container,

Figure t: Set-up used in Activity A.

In the early spring when the weather is
warming, some days are so hot we would like to
jump in the lake and take a swim. We would
find, however, that even though the air is hot,
the water is very cold.

MATERIALS: Four thermometers, a container
of soil and one of water, two 30 cm rulers,

C. Place one thermometer in the soil with the
thermometer bulb just barely covered.
Attach with masking tape to the ruler.

D. Place another thermometer close to the first
one, but about t crn above the soil. Attach
with masking tape to the ruler.

E. Repeat steps C and D for the container of
water,

F. Place the lamp on a ringstand with the
reflector pointing down.

G. Position the lamp 30 crn above and centered
between the containers

Set up your materials according to the
following directions.  See Figure 1,!

A. Place the containers of earth and water
about 3 cm apart.

H. Be certain that the bulb of each thermometer
is shielded from the direct rays of the lamp.

After your teacher has examined your set-up,
do the following:

t. Construct a data table according to the
instructions of your teacher

2. Turn the tamp on. At one-minute intervals
record the temperatures indicated on each
of the four thermometers, Continue for 12
minutes,

3. Turn the larnP Qt<. Continue recording
temperatures a't one-minute intervals for
t 2 minutes.



4. Plot your data on the time-temperature
graph on your work sheet. Use a different
color for the data from each thermometer

Answer questions 6-7 using data from the ~
12-minute intervals on the data table and time
temperature graph, Put your answers on your
work sheet.

5. With the light on, does air heat up faster
over the soit or over the water?

6. Which changes more, the temperature ot soil
or the temperature of the water?

7. Which absorbs more energy, soil or
water?

Use the data for the ~ 12-minute intervals
to answer questions 8-11.

8. With the tight off, which changes more: the
temperature of soil or the temperature of
the water?

g. Which changes most after the light is
turned off, the temperature ~ the soil
or the temperature ~ the water?

tp. Which loses heat faster, soil or water?

11. Which keeps heat energy longest, soil or
water?

Anything that adds heat energy to the
atmosphere is called a heat source. A heat
sink takes energy from the atmosphere.

12. Could soil or water be considered a heat

sink while the light was on? Discuss.

13. After the light was turned off, was the
soil a heat source? Was the water a heat

source? Discuss.



ACTIVITY B: HOW DO THE GREAT LAKES AND THE OCEANS AFFECT CLIMATE'P
3. Explain the differences in temperature

pat'ierns between July and January.

4. Is Lake Erie a heat source or sink? Discuss.

5. Describe the effects of Lake Erie on the
temperature of northern Ohio.

6. Follow parallel 60 N tatitude across Figure
4. How is temperature affected by the
continents? By the oceans?

7. Do the same for Figure 5. Describe the
differences in average temperatures.

The oceans affect the temperature of Ohio.
When we have warm winter temperatures we are
under the influence of air that starts over the
oceans. The cold, frigid winter air comes from
northern Canada, where the oceans do not have an
effect.

PROCEDURES

Figures 2 and 3 are maps of Ohio with
isotherms drawn on them. An isotherm is a line
that connects points of equal temperature. Those
on Figure 2 represent the average temperature in
Fahrenheit for the month of July. The isotherrns
in Figure 3 represent average temperatures for
the month of January.

8. Do oceans act as heat sources or sinks? How
do you know?

9. Do continents ever act as heat sources?
Explain,t, What happens to the average temperature

along line AB in Figure 2 as Lake Erie is
approached from the west?

2, What happens to the average temperature
along line CD in Figure 3 as Lake Erie is
approached from the west?

In Activity A, you learned that the pan of water
was a good heat sink while the lamp was on and a
good heat source while the light was off. Soil
also acts as a heat sink and source, but its
capacity to hold energy is much lower than that of
water, Therefore, soil will become a heat source
soon after the light is turned on and will quit
acting as a heat source not long after the light is
turned off.

A body of water such as a lake acts much the
same way during the summer. During the day the
water is a heat sink, storing up heat from the
atmosphere. At night it becomes a heat source,
giving up heat throughout the night, If you Ifve
near a lake you have experienced land sea breezes
which are caused by the lake. Lake water tends to
increase in temperature all summer. This
indicates that it is storing up extra energy from
the atmosphere. It acts as a heat sink throughout
the summer. In the winter, however, there is
less radiation from the sun. Then lakes become
heat sources giving up their energy to the
atmosphere.

Oceans are also targe bodies of water, They
affect temperature in much the same way as large
takes. Figure 4 is a map of the world on which
are drawn isotherrns representing the average
temperatures in January. Notice that the average
temperatures in Figures 4 and 5 are given in
degrees Celsius. The Ohio temperature maps are
in degrees Fahrenheit,



Figure 2 Mean Maximum Temperature of an average Juiy  oF!,

Figure 3. Mean Minimum Temperature of an average January pF!.



Figure 4. World Map of Average Temperatures in July   C!.

Figure 5. World Map of Average Temperatures in January   C!.

REVIEW QUESTIONS

t, What is a heat source? What is a heat sink'?

2. When do large bodies of water, such as Lake
Erie, act as heat sources? Heat sinks?

3. How does the temperature of northern Oiii-
differ from that of central Ohio'? What
causes this difference?



Name THE EFFECT OF THE GREAT LAKES ON TEMPERATURE
WORK SHEET

Activity A: What are Heat Sources and Heat Sinks?

1-4! Follow instructions and put the answers on the graph below.

Time elapsed  minutes!

Key to graph lines:
Air over soil-

Air over water-

So il-

Water-

5. With the light on, does air heat up faster over the soil or over the water?

6. Which changes more, the temperature of soil or the temperature of the water?



7. Which absorbs more energy, soil or water?

8. With Ihe light off, which changes more, the temperature of soil or the temperature of the

water?

9. Which changes most after the light is turned off, the temperature ~v the soil or the

temperature ~ the water?

10, Which loses heat faster, soil or water?

Which keeps heat energy longest, soil or water?

12. Gould soil or water be considered a heat sink while the light was on? Discuss.

13. After the light was turned off, was the soil a heat source? Was the water a heat source?

Discuss.

Activity 8: How do the Great Lakes and the Oceans Affect Ctirrtate?

1. What happens to the average temperature along line AB in Figure 2 as Lake Erie is approached

from the west?

2, What happens to the average temperature along line CD in Figure 3 as Lake Erie is approached

from the west?

3. Explain the differences in temperature patterns between July and January.

4, Is Lake Erie a heat source or sink? Discuss.

5. Describe the effects of Lake Erie on the temperature of northern Ohio.



6. Follow parallel 60 N latitude across Figure 4. How is temperature affected by the

continents? By the oceans?

7. Do the same for Figure 5. Describe the differences in average temperatures.

8. Do oceans act as heat sources or sinks? How do you know?

9, Do continents ever act as heat sources? Explain.

Review Questions

1. What is a heat source? What is a heat sink?

2. When do large bodies of water, such as Lake Erie, act as heat sources? Heat sinks?

3. How does the temperature of northern Ohio differ from that of central Ohio? What causes this

difference?
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