1
+

Exploring Lake Superior’s Phenology with Onset of Lake Stratification Data

Grade Level: 5-9
Phenological Puzzle: K-9
Activity Duration: 45
minutes
Overview:
I. Phenological
puzzle
II. Lake stratification
demonstration
III. Graphing the onset
of lake
stratification
IV. Discussion and
extension ideas

Literacy Connections
Thoreau, H.D. Walden or Life

in the Woods.
Leopold, A. A Sand County

Almanac.

Summary: Phenology is the study of recurring events in the life cycle of
plants and animals, many of which are closely tied to patterns of climate
and seasons. One important phenology event that scientists observe is the
onset of lake stratification. In this lesson, students will be introduced to the
concepts of phenology and lake stratification before observing
phenological data about the onset of lake stratification for Lake Superior.
Students will graph the onset of lake stratification data for Lake Superior
and make inferences from their graphs. They will also be encouraged to
provide ideas for research projects that could shed light on the trends
observed in their graphs.
Topic: lake stratification, phenology, graphing
Theme: Lake stratification is an important phenology event and graphing
the onset of lake stratification over time can help scientists observe trends.
Goals: Students will understand the importance of phenology as they
graph the onset of lake stratification over time.
Objectives:
1. Students will make observations about the phenological changes
over the course of one year in pictures of a place.
2. Students will define the word ‘phenology.’
3. Students will conduct a simple demonstration showing stratification
of water by temperature.
4. Students will explain lake stratification.
5. Students will graph the onset of lake stratification in Lake Superior.
6. Students will make inferences about factors that may have
influenced the changes in timing for onset of lake stratification of
Lake Superior.
Part of Lesson Adapted From:
Rowe, Jon. “Teaching about Thermal Stratification.” Water on the Web.
Retrieved from
http://www.waterontheweb.org/curricula/bs/teacher/thermal/t
aching.html
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Standards suggested:

Phenological Puzzle
0.1.1.2.1 The Nature and Science of
Engineering – The Practice of Science
Use observations to develop an
accurate description of a natural
phenomenon and compare one’s
observations and descriptions with
those of other.
0.3.2.2.1 Earth and Space Science –
Interdependence Within the Earth
System
Monitor daily and seasonal change in
weather and summarize the changes.

Lake Stratification Demonstration
3.1.1.2.4 The Nature of Science and
Engineering – The Practice of Science
Construct reasonable explanations
based on evidence collected from
observations or experiments.

Graphing the Onset of Lake
Stratification and Discussion
5.1.1.2.2 The Nature of Science and
Engineering – The Practice of Science
Identify and collect relevant evidence,
make systematic observations and
accurate measurements, and identify
variables in a scientific investigation.
5.1.3.4.1 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Use appropriate tools and techniques
in gathering, analyzing, and
interpreting data.

6.1.3.4.1 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Determine and use appropriate safe
procedures, tools, measurements,
graphs, and mathematical analysis to
describe and investigate natural and
designed systems in a physical science
context.
7.1.1.2.1 The Nature of Science and
Engineering – The Practice of Science
Generate and refine a variety of
scientific questions and match them
with appropriate methods of
investigation, such as field studies,
controlled experiments, reviews of
existing work, and development of
models.
7.1.1.2.3 The Nature of Science and
Engineering – The Practice of Science
Generate a scientific conclusion from
an investigation, clearly distinguishing
between results (evidence) and
conclusions (explanation).
7.1.1.2.4 The Nature of Science and
Engineering – The Practice of Science
Evaluate explanations proposed by
others by examining and comparing
evidence, identifying faulty reasoning,
and suggesting alternative
explanations.
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7.1.3.4.2 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Determine and use appropriate safety
procedures, tools, measurements,
graphs, and mathematical analyses to
describe and investigate natural and
designed systems in a life science
context.
8.1.3.4.1 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Use maps, satellite images, and other
data sets to describe patterns and
make predictions about local and
global systems in Earth science
contexts.

8.1.3.4.2 The Nature of Science and
Engineering – Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Determine and use appropriate safety
procedures, tools, measurements,
graphs, and mathematical analyses to
describe and investigate natural and
designed systems in Earth and physical
science contexts.
9.1.1.2.4 The Nature of Science and
Engineering – The Practice of Science
Use primary sources or scientific
writings to identify and explain how
different types of questions and their
associated methodologies are used by
scientists for investigations in different
disciplines.
9.1.3.4.3 The Nature of Science and
Engineering - Interactions Among
Science, Technology, Engineering,
Mathematics, and Society
Select and use appropriate numeric,
symbolic, pictorial, or graphical
representation to communicate
scientific ideas, procedures, and
experimental results.
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Suggested MN Science Standards:

Environmental Literacy Scope and Sequence
Benchmarks:
• Social and natural systems are made of parts. (K-2)
• When the parts of social systems and natural systems are put together, they
can do things they couldn’t do by themselves. (K-2)
• In social systems that consist of many parts, the parts usually influence each
one another. (3-5)
• Social and natural systems can include processes as well as things. (6-8)
• Social and natural systems are connected to each other and to other larger
and smaller systems. (6-8)
• Interaction between social and natural systems is defined by their boundaries,
relation to other systems, and expected inputs and outputs. (9-adult)
• It is not always possible to predict accurately the result of changing some part
of connection between social and natural systems. (9-adutls)
Concepts addressed in this lesson: abiotic factors, cause and effect, cycles, patterns
For the full Environmental Literacy Scope and Sequence, see:
www.seek.state.mn.us/eemn_c.cfm
Great Lakes
Lakes Literacy Principles
• The Great Lakes influence local and regional weather and climate.
• Much remains to be learned about the Great Lakes.
For a complete list of and more information about the Great Lakes Literacy Principles,
visit: http://greatlakesliteracy.net/

A Phenological Phenomenon - Science Institute 20122012-2013

5
Materials:

Introduction to Phenology
•
•

6 sets of 12 photos taken of the same location on the 1st or 2nd day of every
month over the course of a year (to use with older students)4
6 sets of 4 photos taken of the same location at intervals over the course of a
school year (to use with younger children)5

Introduction to Lake Stratification
•
•

•

Two clear glasses per group of two students
One colored ice cube per group (add food coloring to water before freezing)
o Ice cube tray
o Food coloring
o Freezer (not included in kit)
o Water to freeze (not included in kit)
One pitcher of warm water from the tap

Phenology of Onset of Lake Stratification
•
•
•
•

Data sets of the onset of lake stratification for Lake Superior’s western, central,
and eastern location for each student – master copy included in kit
Graph paper for each student – master copy included in kit
Pencil with an eraser for each student (not included in kit)
Ruler for each student (not included in kit)
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Background:
Phenology1
“About Phenology.” USA National Phenology Network. Retrieved from
http://www.usanpn.org/about/phenology
Phenology, derived from the Greek word phaino which means to show or appear, is
the study of recurring plant and animal life cycle stages. In particular, phenology
studies the timing of these changes in relationship to weather and climate. Be it the
flowering of a beaked hazelnut tree, the emergence of mosquitoes, or the full colors
of autumn, phenology events can provide insight into the timing of the seasons.
Phenology is important for many reasons. Many people take note of phenology
events: Allergy suffers know that the sniffles start when particular flowers bloom.
Farmers and gardeners know when the frost is likely to smother plants. Tourists head
to the woods to search for spring ephemerals. Perhaps more important, plants and
animals depend on phenology events for their survival: Caterpillars need green
leaves to eat when they hatch; chicks need caterpillars to eat when they hatch. Timing
is everything! Plants and animals respond to their local climate. Temperature,
precipitation, and available sunlight all play a key role in signaling changes in
ecosystems to occur. These non-biological factors are the cues for natural processes.
Everything is connected. Phenology, or “nature’s calendar,” provides a schedule that
is important for plants and animals. When that schedule changes, plants and animals
need to change with it.
Observing phenology over a long period of time can help people understand plant
and animal responses to climate change. Flowering plants and bird migrations are
among the most sensitive biological responses to climate change. Observing patterns
of these phenology events can provide information about changing ecosystems. It is
important to note that some organisms change patterns quickly while others are
changing very slowly or perhaps not at all. The shifts in timing alter how ecosystems,
and the processes within them, work.
Phenology is different in every location. The first spring peeper song in the spring will
happen earlier in Minnesota’s Twin Cities than it will around Duluth, MN. As such,
phenology must be recorded and observed regionally. You can help keep track of
phenology near you. There are many websites that allow you to input data from your
very own phenology observations. (Two such websites are: National Phenology
Network: http://www.usanpn.org/user/register and Project Bud Burst:
http://budburst.org/results_data.php )
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Observing phenology events is not a new phenomenon. Famous historical figures
including Thomas Jefferson, Aldo Leopold, and Henry David Thoreau all recorded
phenology observations. The Minnesota Phenology Network was founded in 2010 to
promote the study of phenology in the state of Minnesota by sharing knowledge and
experiences, identifying and compiling known long-term datasets, creating common
measurement protocols and databases, and inspiring observers new and old from
across the state. Visit their homepage: http://phenology.cfans.umn.edu/index.htm
Lake Stratification2
Scientists watch for the onset of lake stratification in the
spring as an important phenology event. The turnover in
the spring, after which lake stratification is apparent,
allows wind and wave action to mix the entire lake. This
brings bottom waters into contact with the atmosphere
thus raising the water’s oxygen level. Sometimes,
however, especially in small, sheltered lakes, warming
occurs too rapidly in the spring for mixing to be effective.
Water differs from most other compounds because it is
less dense as a solid than as a liquid. Consequently, ice
floats, while water at temperatures just above freezing
sinks. As most compounds change from a liquid to a
solid, the molecules become more tightly packed (denser)
as a solid than as a liquid. Water, in contrast, is most
dense at 4°C and becomes less dense at both higher and
lower temperatures (Figure 1). Because of this densitytemperature relationship, deeper lakes in the Lake
Superior region tend to stratify (separate into distinct
layers).

Spring

Stratification Visualization
It is useful to visualize a more
extreme example of
stratification. Imagine a bottle
of salad dressing containing
vegetable oil and vinegar. The
oil is lighter (more buoyant)
than the vinegar which is
mostly water. When you shake
it up, you are supplying the
energy to overcome the
buoyant force, so the two
fluids can be uniformly mixed
together. However, if allowed
time to stand undisturbed, the
more buoyant (less dense) oil
will float to the top and a twolayer system will develop.
In some cases, the surface
water may warm up rapidly
immediately after ice-out,
causing the lake to stratify
thermally without completely
mixing. This prevents
atmospheric oxygen from
reaching the bottom waters.

In lakes that freeze in the winter, the bulk of the water in
the lake will be at 4°C during the winter, capped by a
less-dense ice layer at 0°C. As the weather warms in
spring, the ice melts. The surface water heats up, and
when it reaches 4°C, the water density is uniform from
top to bottom. A wind blowing over the lake at this time
can easily mix the water from top to bottom. This is
called turnover, or overturn (See Figure 1). After spring
turnover, the surface water continues to absorb heat and warms. As the temperature
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rises, the water becomes less dense (lighter) than the water below. For a while winds
may still mix the lake from bottom to top, but eventually the upper water becomes too
warm and too buoyant to mix completely with the denser deeper water. The relatively
large differences in density at higher temperatures are very effective at preventing
vertical mixing (Figure 2).
It takes too much energy to mix the water any deeper.

Figure 1. Density/Temperature differences for distilled water. Shaded areas show
relative difference in density for 5°C temperature changes.

Figure 2.7 A regular pattern of mixing and stratification can be observed in most
Northeastern Minnesota Lakes.
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Summer
As summer progresses, the temperature (and density) differences between upper and
lower water layers become more distinct. Deep lakes generally become physically
stratified into three identifiable layers, known as the epilimnion, metalimnion, and
hypolimnion (Figure 3). The epilimnion is the upper, warm layer, and is typically well
mixed. Below the epilimnion is the metalimnion or thermocline
thermocline region, a layer of
water in which the temperature declines rapidly with depth. The hypolimnion is the
bottom layer of colder water, isolated from the epilimnion by the metalimnion. The
density change at the metalimnion acts as a physical barrier that prevents mixing of
the upper and lower layers for several months during the summer.

Figure 3. Lake stratification and thermocline. The thermocline is the area of maximum
temperature change, and it occurs in the metalimnion.
The depth of mixing depends in part on the exposure of the
lake to wind (its fetch), but is most closely related to the
lake’s size. Smaller to moderately-sized lakes (50 to 1000
acres) reasonably may be expected to stratify and be well
mixed to a depth of 3–7 meters in north temperate
climates. Larger lakes may be well mixed to a depth of 10–
15 meters in summer.

Autumn

Note that although
“thermocline” is a term often
used synonymously with
metalimnion, it is the depth at
which the change in
temperature per unit depth is
greatest. Thus, the thermocline
is the area of maximum
temperature change within the
metalimnion.

As the weather cools during autumn, the epilimnion cools
too, reducing the density difference between it and the
hypolimnion. As time passes, winds mix the lake to greater
depths, and the thermocline gradually deepens. When surface and bottom waters
approach the same temperature and density, autumn winds can mix the entire lake;
the lake is said to "turn over." As the atmosphere cools, the surface water continues
to cool until it freezes. A less distinct density stratification than that seen in summer
A Phenological Phenomenon - Science Institute 20122012-2013
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develops under the ice during winter. Most of the water column is at 4°C, which is
denser than the colder, lighter water just below the ice. In this case the stratification is
much less stable, because the density difference between 0°C and 4°C water is quite
small. However, the water column is isolated from wind-induced turbulence by its cap
of ice. Therefore, the layering persists throughout the winter.
The link below provides movies that demonstrate density stratification.
http://www.waterontheweb.org/under/lakeecology/movie1.html
Vocabulary2, 3:
Epilimnion -The upper, wind-mixed layer of a thermally stratified lake. This water is
turbulently mixed throughout at least some portion of the day and because of its
exposure to the atmosphere, can freely exchange dissolved gases (such as O2 and
CO2) with the atmosphere.
Fetch - Distance the wind blows over water without appreciable change in direction;
relates to intensity of turbulent mixing.
Hypolimnion - The bottom, and most dense layer of a stratified lake. It is typically the
coldest layer in the summer and warmest in the winter. It is isolated from wind mixing
and typically too dark for much plant photosynthesis to occur.
Metalimnion -The middle or transitional zone between the well mixed epilimnion and
the colder hypolimnion layers in a stratified lake. This layer contains the thermocline,
but is loosely defined depending on the shape of the temperature profile.
Phenology – The study of recurring events in the life cycle of plants and animals,
many of which are closely tied to patterns of climate and seasonality.
Phenology event – Biotic or abiotic events that signal an important change in the
seasonal cycle.
Spring turnover -Period of complete or nearly complete vertical mixing in the spring
after ice-out and prior to thermal stratification.
Stratification – Separation of the lake water into distinct layers.
Thermocline - The depth at which the temperature gradient is steepest during the
summer; usually this gradient must be at least 10C per meter of depth.

A Phenological Phenomenon - Science Institute 20122012-2013

11
Turnover - Fall cooling and spring warming of surface water act to make density
uniform throughout the water column. This allows wind and wave action to mix the
entire lake. Mixing allows bottom waters to contact the atmosphere, raising the
water's oxygen content and mixing nutrients accumulated in the hypolimnion back
into surface waters. However, warming may occur too rapidly in the spring for
mixing to be effective, especially in small sheltered kettle lakes.

Warm--up
Phenological Puzzle – Warm
1. Break students into 6 groups.
2. Give each group of students a set of pictures (Choose the appropriate photo
set for your age group).
a. The symbols in the bottom corners of the pictures indicate the actual
order of the photos. The teacher will share the correct order at the end
of the exercise.
3. Explain to students that all of the pictures they received were taken of the same
location throughout the course of a year. (The picture sets for older kids were
taken on the first or second day of each month for one year; the picture sets
for younger kids were taken throughout a school season, but not as often.)
a. The 12-picture set was taken of Lake Arbutus in New Hampshire.
b. The 4-picture set was taken of a location at Wolf Ridge Environmental
Learning Center in Finland, MN.
4. Ask groups to put their pictures in the order of when they occurred, from
January through December or from August through June, depending upon the
set received.
a. Encourage students to discuss what makes them believe a specific
picture should come before or after another. Call their attention to
color changes, ground visibility, angle of light in the picture, etc.
5. Once groups are pretty sure they’ve gotten their images in the correct order,
facilitate a conversation about how they decided:
a. What clues did you use to put the pictures in order?
b. How did you know a certain picture belonged in one place rather than
another?
c. What was the difference between a fall photo and a spring photo?
d. Were there any pictures that were difficult to place? Why? Why not?
e. Do you think this would be easier or harder if we had a picture of the
same place for every week?
f. What other differences could you use to tell when an image was taken
that didn’t show up on the photo? Birds,
Phenology

temperature, animal tracks, etc.

6. Once students have a good discussion about their
pictures, share the definition of phenology.
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a. Ask students what phenology events they may be able to look for in the
spring (or other season) where they live.
i. Create lists of phenology events by season on the board.
b. Ask students if you would expect a snowman to melt in southern
Minnesota at the same time as a snowman in northern Minnesota
would melt. No, we shouldn’t expect this. Phenology events are

sensitive to region. A golden-winged warbler is going to arrive in the
Twin Cities during spring migration before it will arrive in Duluth.
c. As we watch our own region, we can start to keep track of the
phenology around our homes and school. This will help us understand
when seasonal changes occur and help us detect trends (e.g., birds
arriving in the northland earlier than the long-term average).
7. Share the correct order of images for students to see if they put them in the
correct order. Ask them how many images were placed in the correct places.

Demonstration
Warm--up
Lake Stratification Demo
nstration – Warm
1. One phenology event that scientists are interested in every year is the timing of
the onset of lake stratification in the spring.
Data have been kept about this yearly event
for a long time, and today students will graph
those data. Before graphing the data,
however, lead students in a quick
demonstration of what lake stratification is
and how it happens.
a. For a more in depth look at the
mechanisms of stratification, please
see “Changing Planet: Warming of
Our Large Lakes – Reasons for Concern” lesson at
http://www.windows2universe.org/teacher_resources/warming_lakes
.html This lesson can also be found in the Great Lakes Aquarium “A
Phenology Phenomenon” teaching kit.
2. Divide students into groups of two and distribute a clear glass to each group.
a. Ask groups to make predictions about what will happen when ice
cubes that have been made with colored water are placed in a glass of
warm water. Have them write their predictions on a piece of notebook
paper.
3. Have each group fill their glass halfway with
warm water from the pitcher you have filled
with warm water before class.
4. Place a colored ice cube in each glass.
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5. Ask students to observe and record what happens for 3-5 minutes.
a. Have them take notes on their piece of notebook paper:
i. What do you see?
ii. What is happening?
iii. Draw a pictures of the water in your cup after 30 seconds.
iv. Draw a picture of the water in your cup after 2 minutes.
6. Facilitate a discussion about what the students observed. Encourage them to
talk about why the colored cold water sank. Explain that cold water is heavier,
or denser, than warm water.
7. Ask students if they have ideas about how the results of the demonstration
might apply to lakes.
a. What time of year do you think the water is the coldest in the lake? Is
all the water cold?
b. What time of year do you think the water is the warmest in the lake? Is
all the water warm?
i. Have you ever gone swimming in a lake and noticed that your
arms might be in warm water but your toes are chilly in the
deeper water?
1. Lake stratification is at work!
8. Introduce a basic model of lake stratification throughout a year. Share the
following image7; pass out copies throughout the class for students to look at
while you explain the basics of lake stratification:

9. Explain the process of lake stratification to the students as they observe the
image7:
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a. In the summer, the sun heats the top layer of water while the deeper
water remains cold.
b. As the air temperature cools in the fall, so does the surface water of the
lake.
c. As that surface water gets colder and denser, it sinks and begins
mixing with the water below.
i. This is called turnover.
d. In winter, the surface water freezes, creating a fairly consistent
temperature from top to bottom with the water on the bottom being
warmer (more dense) than the water on the top.
e. In the spring, turnover may happen again, facilitated by the sun, wind,
tributaries, and ground water.
i. Turnover is important to help mix nutrients from the hypolimnion
and oxygen from the atmosphere throughout the water column.
Spring and fall turnover are important phenological events.6
Extension Ideas Related to Phenology:
Phenology:
Have your class choose a location around the school and take pictures of it every
week or month. As you start to create a photo library of your spot throughout the
school years, each class can compare images between years. Additionally, your
students can write down the phenology events you observe in that spot. If you do this
every year, you can average dates when specifics events occur, to help you know
when to expect those events. See the attached list of spring and fall phenology events.
The top 7 species to watch for phenology in Minnesota are: red maple, common
loon, tamarack, eastern bluebird, ruby-throated hummingbird, lilac, and monarch
butterfly.
Many writers make a habit of documenting phenology events. Have your students
read excerpts from the following naturalists: Aldo Leopold, Henry David Thoreau,
Thomas Jefferson. Then have them begin their own phenology journal.
To extend students’ understanding of lake stratification, you can continue with the
“Teaching about Thermal Stratification” lesson found on Water on the Web:
http://www.waterontheweb.org/curricula/bs/teacher/thermal/teaching.html

Investigate temperature data from Lake Superior by plotting lake depth versus
temperature for different times of the year to determine if there is evidence of thermal
stratification. Does Lake Superior appear to act the same way as the glasses of water
in the demonstration? You can find the data for Lake Superior temperature by depth
at http://www.lakesuperiorstreams.org/streams/data/Java/LLO_Buoys.html. Click
on D x T – Depth v Time Profiler to get an overall feel of what happened that year.
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Pick a date where the color is all blue. Pick a date that has some red in it, and pick a
date that is all blue again, near the end of the year. All blue = total lake mixing and
a straight temperature profile. Red = best stratification. Then click on Profile
plotter/color mapper. To get raw data, click List this profile.

Graphing the Onset of Lake Stratification8 – Lesson
1. Make one copy of the Stratification Onset Data sheet for each student in your
class.
2. Make one copy of graph paper for each student in your class or provide
graphing paper with at least 35x45 squares.
3. Hand out one data sheet and piece of graph paper to each student.
4. Assign one of the three data sets on the data sheet (Eastern, Western or
Central) to each student to graph
5. Orient the graph paper vertically – 35 squares on the top/bottom and 45
squares on the left/right
6. Each student should label their graph: Date of Lake Stratification onset from
1979-2012: (choose one)
a. Eastern Lake Superior
b. Western Lake Superior
c. Central Lake Superior
7. Label the X axis (bottom with 35 squares) “Year”
8. Label the Y axis (left with 45 squares) “Month and Day”
9. On the bottom X axis label the vertical lines 1979-2012, they may use the last
two digits of each year 79-12
10. On the left Y axis label the horizontal lines with the month and day starting
with May 29, going every two days ending with August 13. Example:
a. 5-29; 5-31; 6-2; 6-4; etc
11. Using the data table that they are assigned (Eastern, Western, or Central) plot
each point.
a. If there is a label “No Data” do not plot a point for that year
12. Using a ruler as a guide, connect the data points starting from 1979 moving
towards 2012
13. For years without data, stop the line at the data point from the previous year
and begin the line at the data point for the following year.
14. When students have completed their graphs, have the students for each data
set group together to compare their graphs.
a. Do all of the graphs look the same?
b. Have members of each group explain their graphs to each other. Point
out the years with the earliest onset of lake stratification and the years
with the latest onset of lake stratification.
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c. If any students have errors, have the students in the group assist with
corrections
15. When each group has made sure everyone has an accurate graph of the
data, break the students into groups of 3 with one student from each data set
in each group. The included graph on Onset of Lake Superior Stratification is

included for teacher reference.
16. In their small groups compare the graphs.
a. What is similar between the graphs?
b. What is different?
c. Are there any trends that are visible in all three datasets?
d. How would you describe the information you have in your graph to
someone that isn’t in this class?
Discussion and Extension Ideas
1. If someone asked you when the onset of stratification would happen this
spring, what would you tell them? Why?
2. Can you identify a trend in the timing of the onset of lake stratification? (If you
were to draw a straight line through the very middle of all the points from left
to right, what way would that line tilt?)
a. What might account for or influence this trend?
b. What other graphs might be useful in comparison to observe
correlations?
c. What kinds of research could you do to see if lake stratification was
connected to other changes that happen in the spring? Or changes that
happen in other seasons?
3. Observing the onset of lake stratification is one phenology event that people
have kept track of. Given what you can see from your graph, how could this
information be useful?
a. What other questions does this graph bring up about how Lake
Superior might be changing?
b. If you observe change in the timing of the onset of lake stratification,
what other changes might you expect to see?
c. Have you heard about changes around Lake Superior in other places?
4. What are other pieces of information that you could add to this graph that
may help with interpreting the data?

a. Examples may include: average annual temperatures in the air, large
weather events, winter temperatures, snowfall totals from the year,
percentage of ice cover over the lake, etc.
Extensions:
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Have students choose a potential influence on the onset of lake stratification and have
them research that influence. From their research, have students create graphs that
could be used to compare an influence to the graph of the onset of lake stratification
data. Examples of influences to research include: average percent ice cover on Lake
Superior by year, winter air temperatures, summer air temperatures, water
temperature throughout the summer, winter snowfall, spring storms, changes in
stream inputs. The more influences researched, the more students will see the larger
climate changes at work.
To understand what lake stratification means on a more technical level, use the
“Changing Planet: The Warming of Our Large Lakes – Reasons for Concern” lesson
to help students understand water stratification related to density difference. In this
lesson students analyze and interpret temperature profile data from the Great Lakes
in order to locate key thermal layers in the water column and determine whether lake
mixing has occurred. Students then apply their interpretations to the lake ecosystem.
You can find this lesson here (it is also included in the teaching kit):
http://www.windows2universe.org/teacher_resources/warming_lakes.html
Have students research how lake stratification affects the plant and animal life in and
around the lake. What does different temperature have to do with what grows and
where creatures spend their time?
While acknowledging and recording the phenology event of the onset of lake
stratification may not be tangible for students, acknowledging and recording other
phenology events may be a good way for students to engage with the concept. Have
students create a phenology journal in which they will record events that happen
around the school. You can help keep track of phenology near you. There are many
website that allow you to input data from your very own phenology observations.
(Two such websites are: National Phenology Network:
http://www.usanpn.org/user/register; Project Bud Burst:
http://budburst.org/results_data.php )
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