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TEACHER GUIDE

THE EFFECT OF THE GREAT LAKES ON CLIMATE

By
James D. Meinke, Lakewood Public Schools

Beth A. Kennedy, fVewark Public Schools, and
Victor J. Mayer, The Ohio State University

OVERVIEW

Activity A is a teacher's demonstration through which the students will observe the land-sea-breeze
effect in miniature and examine its causes. In Activity B, the students will compare the precipitation and
number of frost free days in four Ohio cities with the distance from Lake Erie's shore. This is done to de-
velop the idea of how Lake Erie affects the precipitation and temperature of surrounding areas. Activity C
asks students to recall and use the information from A and B to make a general prediction about the climate
of Vermilion, Ohio. Equivalent information should be available for each Great Lake state and Ontario.

PREREQUISITE STUDENT BACKGROUNDOB JECTIVES

When students have completed this investigation,
they should be able to:

Explain how air temperature affects air density
and movement,

2. Describe how and why local winds near the shore
change direction from day to night and from win-
ter to summer,

3. Describe how the circulation of the air is affect
ed by the land-water interface.

M AT E RI AES
4. Describe how the circulation of air changes the

amount of precipitation in the area around the
Great Lakes.

5. Identify implications of the 'lake effect" for the
economy of northern Ohio.

SUGGESTED APPROACH

8 AC KG ROUND I NFOR M ATION

Make sure you are familiar with how air ternpera-
ture affects air pressure and density, and how air
pressure affects the air's movement or the winds.
A standard earth science textbook can provide this

information.

Activity A is a teacher's demonstration.
Make sure you have tried out your set-up first

Activities 8 and C could be done individually or
within small lab groups Each of the activities, A and
8/C, will take about one 45-minute class period to

complete.

Students should have some familiarity with the
concepts of air density, wind or air move-
ment patterns, their relationship to precipita-
tion, and specific heat.

Section 2-13 of ESCP i i
f988! deals with condensation, dew point, and
clouds. It would be helpful to review this introduc-
tory material first, Ideally, this entire investiga-
tion should be preceded by OEAGLS investigation
¹1; I'

10-20 gallon aquarium tank, SxS baking dish or 8-
inch pie pan, 3-5 ml of concentratecl hydrochloric
acid and arnmoniurn hydroxide, heat lamp, glass or
plexiglass aquarium cover, modeling clay, medicine
droppers, two plastic pill bottle caps, four ther-
mometers, water, graph paper  five squares to one
inch!, pencil, and road map of Ohio.



THE EFFECT OF THE GREAT I AKE$ ON CI IMATE

By

James D. Meinke, 1akewood Public Schools
Beth A. Kennecly Newark public Schools, and
Victor J. Mayer, The phio State University

ACTIVITY A: WHAT CAUS E$ THE I AND-SEA-BREEZE?

Note: You should check to be sure that no therrnorne-
ters are in a shadow when the lamp is turned on and
also that the light does not shine directly on any ther.
mometer butb.

Caution: Care should be taken to prevent students
from tampering with chemicals! lf chemicals contact
skin, wash the affected areas thoroughly at once.
Clean up spills immediately. Both chemicals have a
noxious odor, so keep containers sealed except when
the chemicals are being used.

MA TERfA1S

PROCEDURE

Top ViewSide View

dish with

pot tin g soi t ~

ermom e ters

Figure TQ. t Side and Top views of Teacher's Demonstration

10-2O gallon aquarium tank, 8x8 baking dish
or 8-inch pie pan, 3-5 ml of concentrated hy-
drochloric acid and ammonium hydroxide, heat
lamp, glass or plexiglass aquarium cover,
modeling clay, medicine droppers, two plastic
pill bottle caps, four thermometers, water.

Keywords; density, land-sea-breeze effect,
specific heat ~ convection.

hold thermometers potting soil

1 . Set up your apparatus as shown in Figure
TG-1. Be certain that the lamp is centered
above both water and soil.

2. Use one dropper to put 3-5 ml of hydrochloric
acid into one of the pill caps.

.'c," c

pili+
caps



3, Cover the aquarium and turn on the heat lamp
for t0-t5 minutes before doing the demon-
stration.

4. While waiting for heat to build up inside the
tank, discuss with students the introductory
materials included in the Student Guide.

5. After 10 minutes, have students answer
questions 1-3. Questions and answers are as
follows:

�! Observe the four thermometers in the
con'lainer Where is it hottest? Where
is it coolest? How do you think air in-

s;de the tank might be moving?

�! Can you see the air around you moves
List some ways you could observe the
air's motion.

�! What could we do to actually see how the
air is moving inside the tank?

6. Draw t mt of ammonium hydroxide into a
cl ea n d r op pe r

7 Quickly slide the aquarium cover over a bit
and carefully drop am'monium hydroxide into
the empty pill cap The vaporizing HCI and
ammonium hydroxide react in the air to pro-
duce ammonium chloride, the white plume

8. Remove dropper quickly and replace the
aquarium cover.  A white "smoke p'lume
ShOuld traCe Out the CirCulatiOn pattern
within the tank.!

9. Have s uden'Is complete the answers for this
activity based on their observations.

�! Where would the denser air be tocated in
the tank? The less dense air? Why?

T4 The "smoke' particles are light enough to be car-
ried by air. Therefore, they are earned by the
movement of the air and outline the air currents.
The less dense air over the land is rising and the
denser air over the water is moving in over the
land to hll in the 'empty space.' The lighter air
has then moved over the water, cooled, dropped,
and moved in over the soil to complete tlat

�! Why does the air move in the way it
does~

�! During what part of the day will wind
move from lake to shore? Why f



MAT ERI A LS

Graph paper and pencil

PRocEDuRE

In this part of the activity students will construct
a graph showing the relationship between precipitation, tem-
perature, and distance from the shore of Lake Erie in an area
of northwestern Ohio,

1. The students are to prepare a graph from information
shown in columns two and three below. They are then
asked what happens to the average monthly range in
temperature as the distance from the lake increases,
and how this relates to what was observed in Activity
A.

Figure 2, Map of the Lake Erie shore rtea
Sartdusky, Ohio

l~~dLiKQllolls

Put-in-Bay

Sandusky

Tiffin

Bucyrus

20513,7

194't 5.9

16219,530

15421. 550

Figure 3. Distance from Lake artd Temperature

ACTIVITY B: kOW DO TkE GREAT LAKES INFLUENCE THE CLIMATE OF NEARBY
LAND AREAS?



2. The students are to prepare a graph from
information given on the previous page.
They are then asked what happens to the
number of frost-free days as the distance
from the lake increases. They are also
asked how the lake causes the change in the
number of frost-free days.

A.

24

22'

C o L
12

OJ

+-
fQ

E C3

i 0 2f! >0 ~0 50 60

Oi stance from Lake Er ie  mi 'les!



3. The Lake Erie islands, such as the one where
Put ~ in-Say is located, seem especially well-
adapted for growing grapes. This is primarily
because of the climate. Based on what you know
about Put-in-Bay from this activity, what tem-
perature conditions are important for good vini-
culture  grape growing!?

2.0 1.5 2.4 3 0 3.1 3.0 2.4 2.8 2.7 2.2 2.0 2.0

2.5 1,8 2.8 2.7 2.9 3.4 3.3 3.1 3 1 2.4 2.0 2.1

3,0 2.3 3,4 3.4 3.6 3.7 3.7 3,0 3.3 2.7 2.3 2.6

3.2 2,3 3.4 3.3 3.6 4,1 4.1 3.2 3.2 2.9 2.6 2.6

Figure 4. Precipitation in Inches
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4. The students are to prepare a graph from
information given below. They are then
asked what happens to the amount of pre-
cipitation as the distance from the lake in-
creases.



6. Where do you think most of the wa-
ter comes from that falls on Buffalo
either in the form of rain or snow?

7. How does this water get into the air?

Figure 6. Total Annual Precipitation in Lake Erie Region in inches

5. Where does the highest snowfall oc-
cur in relation to I ake Erie? ls this

also the area of highest annual pre-
c ipitat i on?

B. Sandusky is right next to the lake as
is Buffalo. Why do you think Sandu.
sky gets so much less moisture?

9. Refer to the graph prepared in step 4.
During what month do you find the
greatest difference in precipitation
between Bucyrus and Put-in-Bay?
How do you think Bucyrus gets most
of its rainfall that month?



Figure 7. Annual Snowfall in Lake Erie Region in inches



ACTIVITY C: CAN YOU MAKE A GENERAL CLIMATE PREDICTION?

h5ATERf ALS

A road map of Ohio,

pROCEDURE

The students are to locate Vermilion, Ohio, on the

map, Keeping in mind the results of Activities A and
B, they are to answer the following questions:

1, Compared to the cities whose weather you
have examined, what would you expect the
weather conditions of Vermilion, Ohio, to be?

Consider the following;

a, summer temperature near shore

b. winter temperature near shore

c. precipitation

d. frost-free days  growing
season!

Tt, Vermilion, Ohio is situated along the Lake Erie
shoreline as is Sandusky. Summer temperatures
in Vermilion would warm up slower than inland
cities because ol proximity to the lake, but once
the water warms up the lake will help keep winte
temperatures from dropping as low as those far-
ther inland. Using the climate data from the cities
in Activity B and the geographic position of Verrni
lion, students can predict that precipitation would
range from about 1.5 inches in January to
3 inches in late spring. The average number of
frost-free days would be about t94.

2. Draw two diagrams of the Lake Erie
shoreline near Vermilion. On one dia-
gram, indicate the wind circulation ex-
pectecf on a summer evening. On the
other diagram, indicate the wind circu-
lation expected in mid-afternoon in the
summer.

T2. The diagrams are shown below.
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REVtEW QOESTtOHS

t . How do winds near a shoreline circu-
late during the day? At night'?

Tt. During the day, the land heats up faster than
the water. The air above the land is heated
and rises because it is less dense. Cooler
 more dense! air above the water blows inland
to tilt in the "empty space." This inland move-
ment ot air is called the on-shore breeze.

At night, just the opposite air movement oc-
curs. The land cools off faster than the water.
Thus, the air over the water becomes less

dense and rises. The cooler air trom over the
land blows off-shore to fill in the 'empty
space." This is called the evening off-shore
breeze.

2. How does the circulation pattern af-
fect the amount of precipitation and
therefore the climate of an area?

3. How is the agricultural economy of
this area related to air circulation

patterns?

4, Why is there more precipitation
in Buffalo, New York, than in
Sandusky, Ohio'

T4. There is more precipitation in Buffalo,
N.v�because the prevailing winds from
the west have traveled over the lake and
picked up moisture. These winds move in-
land across Buffalo and release the mo s-
ture as rain Sandusky, however, is on
the western shoreline of the lake. The
prevailing westerly winds have been trav-
eling over land and have not had a chance
to pick up much moisture.
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Evaluation Items

Warm air, when surrounded by cooler air,
w i I I:

a. rise.
b. sink.
c. neither rise nor sink.

d. sink, then rise.

2. Over a very small geographic area, winds
blow:

a. from areas of warm air to areas of
cooler air.

b. from areas of cool air to areas
of warmer air.

c. only vertically in areas of warm air.
d. along the prevailing wind direclion a'I

all times.

3. Which heats up faster when the sun is
shining?

a. water covered by ice
b. land and water heat up at the same rat
c. water  Iakes!
d. land

4. In the summer, the temperature of air

c. over water is warmer at
night than over the nearby
land.

d, over water is warmer during the
day than air over nearby land.

5, As you go along Lake Erie from Sandu-
sky, Ohio. to Erie, Pennsylvania, the
average yearly precipitation

a. increases.
b. dec reases.
c. remains the same.

6. Normally, the air mass originating over
water will

a. have the same amount of water in i
as an air mass over land.

b. have less water in it than an air

mass over land.
c. have more water In it than a

air mass over land.
d. gain or lose water only in the day-

time, when the sun is shining.

7. Cities downwind from a large water bod
will get

a. more precipitation in the winter af
ter the lade surface is covered wit

ice.
b. the same amount of precipitation a

cities downwind from land.
less precipitation that cities down-
wind trom land

d. more prec ipltati on than clt le
downwind from land.

S. Compared to inland cities, cities near
large bodies of water will be

a. over water and the nearby land is the
same, night or day.

b. always follows the prevailing wind di-
rection.

a. warmer in the winter and warmer

in the summer.
b. warmer in the winter and

cooler In the summer.



c. cooler in the winter and warmer in the
summer.

d. cooler in the winter and cooler in the
summer.

. Frost-free days are days when the air tem-
erature near the land surface does not tall be-

ow freezing. As you get closer to a large body
f water, the number of frost-free days per
ear

10. A major "industry" of northern Ohio and
the Lake Erie Islands that results from the
influence of the lake on climate is

a. electrical power generation.
b. raising grapes.
c. producing steel.
d. shipping.

12

b.
C.
d.

increases,
decreases.
stays the same.
increases, then decreases.
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THE EFFECT OF THE GREAT LAKES ON CLIMATE

by

James D. Meinke, Lakewood Public Schools
Beth A Kennedy, Newark Public Schools, and
Victor J. Mayer, The Ohio State University

INTRO DU CT!P N

The cities of Buffalo, New York; Erie, Pennsylvania; and Painesville, Ohio, have a common problem in winter.
They have very heavy snowfall, up to 120 inches per year. They must spend millions of dollars for snow re-
moval. On the other hand, Put-in-Bay, a small town on South Bass Island, and Sandusky, are hvo of the driest
spots in Ohio. Put-in-Bay has abou1 213 of the precipitation of cities in central or southern Ohio. The one thing
in common among the cities named above is that they are in or close to Lake Erie. Can the presence of the lake
account both for high precipitation in some cities and low precipitation in other areas'?

Large bodies of water such as Lake Erie do have an effect on precipitation and temperature. The shore of
Lake Erie will often be cooler in the summer and warmer in the winter than other areas of Ohio. How does the
lake affect the climate of Northern Ohio?

OB JECTIVE$

Wihen you have completed this investigation you will be able to:

1. explain how air temperature affects air density and movement;

2. describe how and why local winds near the shore change direction from day to night, and from winter to
summer;

3. describe how the circulation of the air is affected by the land-water interface;

4, describe how the circulation of air changes the amount of precipitation in the area around the Great
Lakes;

5. identify implications of the lake effect" for the economy of northern Ohio.



ACTIViTV A: WHAT CAUSES THE LAND-SEA BREEZE~

Where is it coolest?

2. Can you see the air around you move?

List some ways you could observe the air's
motion.

PROCEDURE

Side View Top View

hold thermometers pottirtg soil thermometers

Side artd Top Views of Teacher's DefTionstratiort

erhaps you' ve seen a fire at horne in the fireplace,
or outside during a weiner-roast. What happened to the
smoke? Normally it will rise up into the air. Why? As
air heats up it becomes lighter  less dense! and it rises
carrying the smoke with it. As the air rises, it leaves
an 'empty space  area of low density air! in and above
the fire. Something must fill the "empty space"--what,
Obviously, more air, but where does it come from? The
air moves in from all around the sides of the fire be-
cause it is cooler and "heavier  more dense!. This new
air is then heated, becoming less dense, and rises,

Carefully observe the demonstration  Figure t! that
your teacher has set up for you. Answer the following
questions:

1. Observe the four thermometers in the container
Where is it hottest?

How do you think the air inside the tank might be
moving?



3 What cauld we do to actually see how the air is
moving inside this tank~

4 Where would the denser air be located in Ihe
tank~

The less den se air ~

The process you observed in lhe tank is the land-
sea breeze in miniature. The land qutckfy reacts
to changes in the amount of heat from the sun  the
lamp!, whereas the water is slow to react 'lo such
changes Water has a high apeclffc heat. It stores
heat much more efficiently and longer than does the
land.

Why~

5 Why dOeS the air mOVe in the way that i'I daeS?

6. During what part of 'Ihe day will wind move
from lake to shore?

Why?



ACTIVITY 8: MOW DO THE GREAT LAKES INFLUENCE THE CLIMATE OF NEARBY
LANO AREAS?

MATE RIALS

Graph paper and pencil,

PROCEDURE

In this part of the activity you will be cons'Irucling a
graph showing the relationship between precipitation,
temperature, and distance from Lake Erie in an area of
northwestern Ohio  Figure 2!.

Prepare a graph from the data in columns 2 and 3
of Figure 3. Plot the distance from Lake Erie on
the horizontal axis and the average monthly range
of temperature on the vertical axis. What happens
to the average monthly range in temperature as
the distance from the lake increases?

How is this related to what you observed in
Activity A?

Prepare a second graph from the data in Figure 3. Plot
the distance from Lake Erie  Column 2! as the horizon-
tal axis and the nuinber of frost-free days as the ver-
tical axis. What happens to the number of frost-free
days as the distance from the lake increases?

How does the lake cause this?  Refer to your an-
swer to Question t!

3. The Lake Erie islands, such as the one where Put-
in-Bay is located, seem especiatly well adapted for
growing grapes. This is primarily because of the
climate. Based on what you know about Put-in-Bay
from this activity, what temperature conditions
are important for good viniculture  grape grow-
I ng!?

Figure 2. Map of the Lake Erie Shore
near Sandusky, Ohio,



A moderate climate is one which does not
have extreme temperature conditions, like
extremely hot or extremely cold periods.
We have now seen that Lake Erie has a mod-

erating effect on the temperature of regions
in and around the lake, Ooes the lake effect
precipitation?

4. Prepare a graph from the data in
Figure 4  next page!. Use a different
color to plot a line for each of the 4
locations. Plot the months on the

horizontal axis and the precipitation in
inches along the vertical axis. How
does precipitation change from the
Lake E rie i sian ds inland to Bu cyrus?

Is this what you expected?

Humb~ufLCi&RtIQQS
~',i~i R @SLY

t 3.7 205

15.9 194

162t 9.530

t5421.5Bucyrus

figure 3. Oisfartce from Lake artd TerTtperature

Put-in-Bay

Sandusky

Tiffin

The prevailing winds over Lake Erie are
from the southwest and west.

5. iExamine Figures 5 and 6. Where does
the highest snowfall occur in relation
to Lake Erie?

Is this also the area of highest annual
precipitation?



Put-in-Bay 2,0 t.5 2 4 3.0 3.t 3.0 2.4 2.8 2.7 2 2 2 0 2 0

32 23 34 33 36 4 t 41 3.2 3 2 2 9 2 6 2 6

Figure 4. Precipitation in Inches

6. Where do you think most of the water
comes from that falls on Buffalo either in
the form of rain or snow?

7. How does this water get into the air?

8. SanduSky iS right next to the lake aS iS
Buffalo. Why do you think Sandusky gets
so much less moisture?

Sandusky

Tiffin

Bucyrus

2.5 t.8 2.8 2.7 2.9 3.4 3.3 3.t 3 t 2.4 2 0

30 23 34 34 36 37 37 30 33 27 23

Figure 5. Annual Snowfall in Lake Erie Region in Inches



Figure 6. Total Annual Precipitation in L.ake Erie Region in Inches

During the summer, air over the surface of the
lake is cooler than that over land  rernernber the
demonstralion in Part A!. Because of this, few
thunderstorms form over lhe lake. There simply
is nol enough energy  heat! coming from the lake
surface to cause them to form. The moisture in
the air. therefore, slays there until it gels over
and beyond the western end of the lake. This is
one ol the reasons why Put-in-Bay is the driest
part of Ohio.

9. Refer to the graph prepared in step 4,
During what month do you find the great-
est difference in precipitation between
Bucyrus and Put-tn-Bay?

How do you think Bucyrus gets most of
its rainfall in fhat month?



REVIEW QUESTIONS
MATERIALS

1. How do winds near a shoreline circulate during
the day?

Road map of Ohio.

PROCEDURE
At night?

Examine the Lake Erie coastline on your Ohio
map. Locate a town called Vermilion. Keeping
in mind the results of Activities A and B con-
cerning temperature and precipitation differ-
ences, air density differences and air circula-
tion, answer these questions:

2. How does the circulation patter affect the
amount of precipitation and therefore the cli-
rnate of an area?

3 How is the agricultural economy of this area
r e la ted to air c i rc ul at i on pat te ms?

Compared to the cities whose weather
you have examined, what would you ex-
pect the weather conditions of Vermilion,
Ohio, to be? Consider the following:

4. Why is there more precipitation at Buffalo,
New York, than in Sandusky, Ohio?

a. summer temperature near shore

b. winter temperature near shore

C. precipitation

d. frost-free days  growing season!

2, Oraw two diagrams of the Lake Erie
shoreline near Vermilion. On one dia-
gram, indicate the wind circulation ex-
pected on a summer evening. On the oth-
er diagram, indicate the wind circulation
expected in mid-afternoon in the summer.

ACTIVITY C: CAN YOU MAKE A GENERAL CLIMATE PREDICTION?
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