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Climate Change and the Future of Michigan Cherries:
Predicting global warming impact on flowering time
Unit Overview
The overall purpose of this 3 - 4 day unit is to foster student literacy in scientific modeling,
particularly in regards to models that describe and predict the impacts of climate change
on trees and plants. This unit provides an introduction to modeling and lays a foundation
for future skill development. For specific learning objectives, see the Unit Goals below
as well as the Student Learning Outcomes and Next Generation Science Standards
listed in the overview for each lesson.
This unit is designed for high school students who have been introduced to graphing
data points, slope, and line-of-best-fit. While the lessons were designed with 9th and
10th graders in mind, the lessons could be adapted for more advanced grade levels. The
lessons should be taught in chronological order, although the optional field trip (Lesson
4) can take place at any point during the unit and reinforces material throughout the
curriculum.
The unit builds upon the Climate Change & Michigan Forests middle school unit.

Why is it important to teach climate change?
“Climate has changed in the past — sometimes slowly, sometimes abruptly — but now it
is changing because humans have become a force of nature and are altering the flow of
matter and energy on the planet. It is important for the science of climate change to be
taught, both in formal and informal educational environments, in order for future citizens
to be able to make scientifically informed decisions about the consequences of climate
change.
In order to defend and support the teaching of climate change, it is important
to understand — and be able to rebut — arguments about climate science, and to
understand why people choose to attack such well-tested science.” - National Center
for Science Education

What is a scientific model?
•

Scientific models are tools or ideas used by scientists to identify and explain
complex patterns or phenomena observed in the real world. Scientific models can be
represented by drawings, graphs, equations, three dimensional structures, computer
simulations, or explained in words.

•

Scientific models are used to ask questions about the world, and they are revised as
scientific knowledge changes. Ultimately, models help us to better understand and
predict the behaviors of complex systems over time.

•

The quality of scientific models depends on how well they can be used to explain a
phenomenon or make a prediction.
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Why is teaching scientific modeling important?
•

Scientific modeling develops critical thinking skills and helps students better analyze
and interpret scientific data and information. Understanding how, and why, scientific
models are used in scientific research is an important aspect of science, and climate
change, literacy. Scientific modeling literacy is an important skill that enables learners
to be an informed and effective member of society.

•

Scientific modeling is used frequently at higher levels of education and in the
professional world at state and federal agencies and by scientists and researchers
around the world. It is important for students to interpret and analyze scientific
information like climate change data and models because many important business
and political decisions are made based on the latter.

•

Having students use introductory modeling tools gives them insight into the type of
work done by researchers and scientists, which may pique interest in science careers.

•

Because modeling is of such importance, the concept of modeling has been identified
in the Next Generation Science Standards as an important learning objective and
appears frequently in the Standards, Science & Engineering Practices, Disciplinary
Core Ideas, and Crosscutting Concepts.
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High School Phenology Unit: Lesson Outline
Climate Change and the Future of Michigan Cherries:
Predicting global warming impact on flowering time

Unit Goals:

1. Foster understanding of the impacts of climate change, and in particular, its
effects on tree flowering phenology.
a. Describe what phenology is and how it is impacted by climate change.
b. Understand how climate-driven data, specifically flowering phenology data,
is collected and how it is used by scientists and decision-makers to make
predictions of future trends under climate change.
2. Foster understanding of scientific models that describe and predict the impacts
of climate change/global change on trees and plants.
a. Understand and explain how models are used to predict impacts of climate
change.
b. Understand and explain what kind of data is used in predictive phenology
models.
c. Create a model using a phenology data set and make inferences and predictions
using that model.
3. Inspire an interest in and foster students’ ability to become Citizen Scientists.
a. Understand and explain how Citizen Science data helps scientists with their
research about a changing climate.
b. Optional: Make phenology observations/collect phenology data and learn
about opportunities to become involved in Citizen Science phenology projects,
such as Nature’s Notebook and Project BudBurst.
i. Phenology observations and data collection can be achieved through
optional field trip or teacher-led outdoor learning on school campus.

Links to AAPS 9th Grade Curriculum/Schedule:

The unit aligns best with the end of Semester 2 for most teachers, after students have
learned about Scientific Inquiry (Chapter 1), Evolution (Chapters 10, 11), Plant Structure
& Function (Chapter 21), Cell Energetics/Matter & Energy in Ecosystems/ (Chapters 4,
13) and while students are learning about Human Impact on the Environment (Chapters
14, 16).

How to use these lessons:
*See slides for the graphs referenced throughout the unit.
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Lesson 1 - The Curious Case of Michigan's Cherries
Time Needed

Materials/Prep

50 minutes
1. Teacher Slides (slide 1)
a. Ensure ability to play audio clips from computer.
2. Student Lesson 1 Part 1 Worksheet (printed, optional- students
can answer questions in their notebooks/ on paper).
3. KWL Worksheet
a. See KWL (Know-Want to Know-Learned) overview for
teachers here.
a. Provide opportunities throughout the lesson for students
to make entries in each column of the worksheet.
4. Lesson 1 Part 2 Worksheet & Homework #1 (printed)
5. Table 1 Handout
6. Table 2 Handout
7. Julian Day Calendar Handout
8. Have students sit in groups
9. Optional: Graph Paper - For more graphing practice (and if
time allows) students could graph the data from tables 1 and 2
before seeing and discussing the completed Graphs 1 & 2.

Student Learning
Outcomes

Students will be able to:
1. Understand the importance of cherries to Michigan’s economy.
2. Understand and analyze historical phenology data on blooming
date.
3. Understand and explain how changes in temperature can
influence cherry phenology and crop success.

Additional Resources If students first need an introduction or refresher on climate

change, Lesson 2 from the middle school unit “Climate Change
and Michigan Forests” may be helpful: “Connections to Climate
Change”.

Next Generation Science Standards
HS-LS2-2. Use mathematical representations to support and revise explanations based on
evidence about factors affecting biodiversity and populations in ecosystems of different scales.
HS-ESS3-1. Construct an explanation based on evidence for how the availability of natural
resources, occurrence of natural hazards, and changes in climate have influenced human activity.
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Lesson 2 - Intro to Modeling: Graphing and analyzing
phenology data
Time Needed

Materials/Prep

50 minutes
1. Teacher Slides (slide 21)
a. Ensure ability to play audio clips from computer.
2. KWL Worksheet
a. See KWL (Know-Want to Know-Learned) overview for
teachers here.
b. Provide opportunities throughout the lesson for students
to make entries in each column of the worksheet.
3. Lesson 2 Student Worksheet & Homework (printed, hand out at
slide 30) - have Lesson 1 worksheet available for reference.
4. Graph Choice Chart (printed, optional: to help students figure
out what kind of graph to use)
5. Julian Day Calendar Handout
6. Extra graph paper
7. Calculators
8. Pencils and Rulers
9. Have students sit in groups

Student Learning
Outcomes

Students will be able to:
1. Analyze and explain temperature and cherry phenology graphs
and their implications.
2. Analyze a model of blooming date as a function of average
March temperature by calculating line of best fit.
3. Use graphical model to predict timing of phenology events
based on various average March temperature scenarios.

Additional Resources Online graphing resources: (If teachers want students to use
computers to graph):
• Google Sheets

•

http://illuminations.nctm.org/Activity.aspx?id=4186

•

http://knowpapa.com/trend-line/

Next Generation Science Standards
HS-LS2-2. Use mathematical representations to support and revise explanations based on
evidence about factors affecting biodiversity and populations in ecosystems of different scales.
HS-ESS3-1. Construct an explanation based on evidence for how the availability of natural
resources, occurrence of natural hazards, and changes in climate have influenced human activity.
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Lesson 3 - Application: Using climate and phenology

data and models to make predictions
Time Needed

50 minutes

Materials/Prep

1. Teacher Slides (slide 41)
a. Ensure ability to play audio clips from computer.
2. KWL Worksheet
a. See KWL (Know-Want to Know-Learned) overview for teachers
here.
b. Provide opportunities throughout the lesson for students to make
entries in each column of the worksheet.
3. Lesson 3 Student Worksheet & Homework (printed) - have Lesson 1 & 2
Worksheets available for reference.
4. Student Laptops (with ability to access/download Model Spreadsheet).
5. Extra graph paper
6. Calculator
7. Pencils and Rulers
8. Have students sit in groups

Student Learning
Outcomes

Students will be able to:
1. Explain the utility, strengths and limitations of their model and models
more generally.
2. Examine and explain how new data is incorporated to improve model
accuracy.
3. Use model to predict impact of regional climate change on the
Michigan cherry industry.
4. Explain how Citizen Science data contributes to climate and phenology
research.
5. Understand, propose and evaluate potential solutions to mitigate and
adapt to the negative impacts that a shifting climate has on cherry
trees.

Additional
Resources

Online graphing resources: (If teachers want students to use computers to
graph):
• Google Sheets
• http://illuminations.nctm.org/Activity.aspx?id=4186
• http://knowpapa.com/trend-line/

Next Generation Science Standards

HS-LS2-2. Use mathematical representations to support and revise explanations based on evidence
about factors affecting biodiversity and populations in ecosystems of different scales.
HS-LS2-7. Design, evaluate, and refine a solution for reducing the impacts of human activities on the
environment and biodiversity.
HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on
natural systems.
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Lesson 4 - Field trip: Exploring citizen science and
making connections between phenology and ecology
Time Needed

Materials/Prep

50 minutes
1. Teacher Slides (slide 58)
2. Identify a site on school grounds to make observations
3. Print enough copies of articles to hand out to groups-- each group will
get one copy of their assigned article
4. Print Article summary worksheets (1 per group)
5. Print Observation worksheets
6. Print Phenological report worksheets
7. Gather enough clipboards and writing utensils for all student groups
8. Create students groups of 4-6 with others who read the same article for
homework
9. Optional: Create account with Project Budburst (instructions here)
10. Optional: App or field guide for plant ID

Student Learning
Outcomes

Students will be able to:
1. Describe citizen science and its importance.
2. Name and identify basic phenological stages of plants.
3. Evaluate ways in which climate change and subsequent phenological
shifts could affect other species in an ecosystem.

Additional
Resources

•
•

Project Budburst
Deciduous and Evergreen Report Forms: http://budburst.org/
reportforms

Next Generation Science Standards

HS-LS2-6. Evaluate the claims, evidence, and reasoning that the complex interactions in ecosystems
maintain relatively consistent numbers and types of organisms in stable conditions, but changing
conditions may result in a new ecosystem.
HS-LS4-5. Evaluate the evidence supporting claims that changes in environmental conditions may
result in: (1) increases in the number of individuals of some species, (2) the emergence of new species
over time, and (3) the extinction of other species.
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Lessons 1 - 4
Unit Guide, Worksheets, Handouts
and Homeowork
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Lesson 1 - The Curious Case of Michigan's Cherries
Time Needed

Materials/Prep

50 minutes
1. Teacher Slides (slide 1)
a. Ensure ability to play audio clips from computer.
2. Student Lesson 1 Part 1 Worksheet (printed, optional- students
can answer questions in their notebooks/ on paper).
3. KWL Worksheet
a. See KWL (Know-Want to Know-Learned) overview for
teachers here.
a. Provide opportunities throughout the lesson for students
to make entries in each column of the worksheet.
4. Lesson 1 Part 2 Worksheet & Homework #1 (printed)
5. Table 1 Handout
6. Table 2 Handout
7. Julian Day Calendar Handout
8. Have students sit in groups
9. Optional: Graph Paper - For more graphing practice (and if
time allows) students could graph the data from tables 1 and 2
before seeing and discussing the completed Graphs 1 & 2.

Student Learning
Outcomes

Students will be able to:
1. Understand the importance of cherries to Michigan’s economy.
2. Understand and analyze historical phenology data on blooming
date.
3. Understand and explain how changes in temperature can
influence cherry phenology and crop success.

Additional Resources If students first need an introduction or refresher on climate

change, Lesson 2 from the middle school unit “Climate Change
and Michigan Forests” may be helpful: “Connections to Climate
Change”.

Next Generation Science Standards
HS-LS2-2. Use mathematical representations to support and revise explanations based on
evidence about factors affecting biodiversity and populations in ecosystems of different scales.
HS-ESS3-1. Construct an explanation based on evidence for how the availability of natural
resources, occurrence of natural hazards, and changes in climate have influenced human activity.
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Importance of Michigan Cherries

3. these facts to their knowledge:

1. Introduce/discuss Michigan agriculture:
Ask students, “Did you know that
Michigan is famous for agriculture?
Do you know what kinds of crops
Michigan is most famous for? Do you
have a favorite food that is grown
in Michigan or a memory related to
Michigan fruits or vegetables?”

a. Michigan is the country’s #1 producer
of tart cherries! 75% of America’s
tart cherries are grown in Michigan,
particularly
Northern
Michigan.
Michigan’s cherry industry is a $72
million industry. (Citation: Michigan.
gov)
b. If you have you ever had a cherry pie,
frozen cherries or dried cherries, then
it is likely that you’ve eaten Michigan
tart cherries!

a. Discuss student answers. Students
may talk about cherries and cherry
festivals, apples, peaches, grapes,
blueberries, corn, trips to Traverse
City, apple picking, pumpkin patches,
local farms, farmers markets, their
home garden, etc.

c. Traverse City area: Allowing students
a quick moment to reflect on personal
experiences of Traverse City/the
cherries/cherry festival might help
them positively associate with the
topic at hand.

2. Play short 1 minute Pure Michigan
audio clip: “Michigan Agriculture” and
ask students, “Did you learn anything
new from this video? Did anything
surprise you?”

4. Discuss: “Given the importance of
cherries to Michigan’s economy, how
might Michigan be affected when the
cherry crop is damaged? Have you
heard of or remembered years when
Michigan had a cherry shortage?”

a. Audio clip mentions that there are
200 varieties of foods grown in
Michigan, 10 million acres of farms,
$90 billion contribution by ag. to
state economy, employing 1 million
people.

a. Get student ideas (students will likely
mention farmers, the economy, or
even simply not being able to enjoy
cherries, or having to pay much more
for cherries).

b. Discuss student answers and add that
Michigan has the 2nd greatest crop
diversity in the U.S. (Michigan grows a
greater number of diverse crops than
any state except California).

The Michigan Cherry Dilemma

1. Introduce real-world cherry tree
dilemma: “Let’s listen to this news
story about an issue facing Michigan’s
cherry tree farmers. Pay particular
attention to what happened in 2012.”
Play beginning of NPR radio clip, “Fruit
Growers Try Tricking Mother Nature to
Prevent Crop Damage.” (~1 minute).

3. Introduce and discuss importance of
Michigan cherries: Show slide 5 of
Michigan cherries/cherry products/
festival. (Ideally, bring some real
cherries in to class for students to
snack on!) Ask students, “What do
you know about the importance of
cherries to Michigan? Where are they
grown? Have you ever had one? Have
you heard of the National Cherry
Festival?” Take student answers and add

a. We recommend starting at :23 second
mark (because the intro gives too
much info away) with “Fruit growers
in Northern Michigan grow...” and
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a. stopping at 1:16 (before they get into
more detail about WHY the cherries
bloomed early-- we want students
to brainstorm this themselves first).

discuss in their groups or pairs (“pair”), then
share with entire class as teacher writes key
points on the board (“share”) and helps
students fill in their knowledge as necessary.)

b. Transcript of this part of the story:
“Fruit growers in Northern Michigan
grow apples, peaches and wine
grapes. But the biggest crop here is
tart cherries. More than half of Ken
Engle’s 140 acre farm is planted with
what he calls “sour cherries.” These
trees are the most vulnerable just
before their white blossoms unfold,
at the so-called “water bud” stage.
“What causes the damage is that
on a cold night, the moisture that’s
in the blossom will actually freeze.
It will break the cell wall, and then
the blossom is killed.” (Ken Engle)
In 2002, a cold snap hit when trees
were in that stage and destroyed
almost the entire tart cherry crop
here. Cherries were wiped out again
in 2012, along with most other fruits,
because the blossoms came out more
than a month early. “Everything was
frozen here because we had trees
literally with less fruit on them than
we normally leave after we’ve shaken
them.” (Ken Engle)

a. What happened (in short): Cherry
trees bloomed earlier in the spring,
which made them susceptible to
spring frost. The frost damaged nearly
the entire crop. (As spring approaches
and temperatures get warmer, these
warmer temperatures signal to the
tree that it is time for its flowers to
bloom. If it gets warm very early in
the spring and the flowers bloom
before the last frost, then those
flowers will get damaged by the frost.)
b. Additional notes for teachers:
i. Early blooming may not be a
problem in and of itself, but it
is a problem because it means
the early blooming flowers are at
greater risk of spring frosts. The
later they bloom in the spring,
there is less risk of another frost
event.
ii. The damage from frost is even
more serious if the flowers are
already very developed. They
are most hardy during the winter
when they are fully dormant.
However, as they begin to swell
and expand into blossoms, they
become less resistant to injury
from frost. In other words, a frost
event that occurs immediately
after bud burst will not have as
serious of consequences as one
which happens after the flower
has developed for a few weeks.
(Citation: MSU)

c. Note to teachers about 2002: 2002
was not a particularly warm year (as
you will see in graph on slide 11).
However, there was a bad frost when
the cherries were budding, and the
buds were damaged before they
could bloom.
2. “Think-Pair-Share” (Slide 9):

Ask students, “What was this radio
clip about? What happened to the
cherry trees in 2012 and why did this
happen? Had you heard about this
happening?” (Students think about
this question individually (“think”), then

c. Other answers: Students might also
say that it could it also be something
else (day length, precipitation,
etc). These could indeed influence
14

c. cherry tree growth, but in this case,
bloom date is strongly influenced by
temperature.

i. differences? What format could
we put this data into to better
analyze it? Help students realize
that graphing the data could make
it easier to visualize the trends.

i. Example: Day length does not
greatly change from year to year,
so it cannot explain a CHANGE
in the bloom date. Additionally,
day length is more relevant in the
fall: as the days become shorter
it signals plants that winter is
coming and they start getting
ready for it (leaf fall and other
physiological changes to avoid
freezing).

ii. Optional: Students can graph the
data from Table 1 on graph paper
before teacher shows them Graph
1 on the slides.
2. Show and discuss Graph 1 - Year vs.
Bloom Date: “The problem we first
heard about through the radio story
was that cherries bloomed early
in 2012, destroying the crop. We
looked at the data set, but how can
our graphs help us understand this
information even better? What does
this graph tell us?”

Examining Bloom Date data

1. Examine Data Table 1: Explain Julian
Days/Date of Year (DOY) format
to students. “Scientists often use
a date format called “Julian Days,”
also known as the ordinal number or
“Day of Year” (DOY) format. This is a
continuous count of days starting at
January 1. So, for example, Jan. 1 is
the number 1 in Julian or DOY format.
February 4 is the number 35. Note
that the numbers are slightly different
in leap years.”

a. What is the x axis showing? What
is the y axis showing? What are the
units?
i. Discuss how it is common practice
to put the independent variable
on the X axis, dependent on the Y
axis.
b. What is the range of variability in
blooming date? (From earliest date to
latest date)

a. You can print this Julian Day Calendar
handout for students to reference
(we did not include all 12 months
on the handout, only those that are
relevant to this unit). This will enable
them to find or confirm the Julian
Day equivalent of a given date, such
as July 20, 1989. We will use this
date format to calculate and graph
phenology data.

c. What is the overall trend? (Blooming
earlier or later?) Is it steep or fairly
flat? What does this mean?
i. Students could note that the dots
start closer together and become
more spread out in later years.
d. What do you notice about the 2012
dot?
e. How is this graph useful to us? Does
the data agree with the radio story
saying that blooming dates are
getting earlier?
i. Helps us see if there is a trend
over time in when the cherry
blossoms bloom.

b. Ask students to work in groups to
examine Data Table 1 (Handout)
i. What do they notice about the
data? Do they see any trends?
Anything different about 2012?
If so, what might explain these
15

What factors could influence Bloom
Date?

i. What is their claim? Evidence for
that claim? Reasoning behind that
claim?

1. Research in groups & with textbooks:
Have students brainstorm together and
use their textbooks to review/research
what factors could be influencing when
cherries blossom.

b. Have students discuss what potential
explanation they think might be
strongest. Students do not have to
agree.

a. Help them with prompts - What
signals other fruit trees to blossom?
Or what kinds of things influence or
trigger other annual plant and animal
events?

c. Ask students: “What if it have to do
with temperature? Would you expect
temperatures to be getting warmer
or cooler if cherries were blooming
earlier? Why?”

b. Encourage students to look outside
for ideas if space/time allows.

4. Students brainstorm what evidence
- observations, data, etc, they would
need to support that hypothesis/claim.
Help students realize that if we have data
about the temperatures in those same
years, we could see if the temperature
and bloom data have a relationship.

c. You can use the next slid to help
students.
d. Regroup to have students share their
ideas & explain why they came up
with the answers that they did. Write
student ideas on the board.

a. Note for teachers: Students might
also say that it could be something
else other than temperature (day
length, precipitation, etc). These
could indeed influence cherry tree
growth, but bloom date in this case is
based on temperature.

2. Discuss student answers about other
examples of annual cycles: Leaves
changing colors in the fall, leaves
emerging or “leafing out” in the spring,
dandelions (different stages), snow
crocus emerging in late winter, birds
migrating, flower blooming, bears or
squirrels hibernating, local squirrels
preparing for winter, pollen in the spring.

i. Example: Day length does not
change from year to year, so it
cannot explain a CHANGE in the
bloom date. Additionally, day
length is more relevant in the
fall, not the spring: as the days
become shorter it signals plants
that winter is coming and they
start getting ready for it (leaf fall
and other physiological changes
to avoid freezing).

a. Reinforce ideas with a image of a
simple annual cycle that students
would be familiar with: flowering,
leafing out, dispersing seeds, leaves
falling.
3. Discuss student ideas, incorporating
Evidence & Reasoning: Discuss student
ideas. The slide list may encompass
many of their ideas, but there may be
others that students identified.

Examining the hypothesis that
Temperature influences Bloom Date

1. Ask students to work in groups to
examine Data Table 2 (Handout).

a. Ask students to practice CLAIM EVIDENCE - REASONING.
16

Examining the hypothesis that
Temperature influences Bloom Date

i. temperatures
cooler).

getting

warmer

(or

f. Note for teachers: We use average
March temperature because March
is the month that is always before
blooming, no matter how early it
is. If we use April or May sometimes
blooming was before those dates,
and thus we would be using
temperatures taking place after
blooming.

1. Ask students to work in groups to
examine Data Table 2 (Handout).
a. “What do you notice about the
data? Do you see any trends? Is
there anything different about 2012?
If so, what might explain these
differences?”
b. “What format could we put this data
set into to better analyze it?” Help
students realize that graphing the
data could make it easier to visualize
the trends.

3. Has Michigan gotten warmer? Ask
students to answer the question used
the slide with the image entitled “Winter
Mean Temperature Change”

c. Optional: Students can graph the
data from Table 2 on graph paper
before teacher shows them Graph 2
on the slides.

a. Note: Technically the first day of
spring is March 20, so we might be
interested in both the average winter
and average spring temperatures.
It is hard to find data as exact as
how the average March temperature
will change. In this case, both the
average winter and average spring
temperatures in NW Michigan have
increased by around 3.5-4.2 degrees
from 1950-2012. For simplicity, we
have chosen to show the Winter
temperature change rather than both
winter and spring.

2. Show and discuss Graph 2 - Year
vs. Average March temperature (on
slide): “We hypothesized that warmer
temperatures might be leading to
earlier bloom dates. Let’s examine the
data to see if it supports this claim.”
What is the x axis showing? What is the y
axis showing? What are the units?
a. What is the x axis showing? What
is the y axis showing? What are the
units?

4. What do these two graphs tell us? Ask
students (also on Lesson 1 worksheet
Part 2): “So what do these two graphs
tell us? What trends do you see? Are
there any years that stand out? (What
about 2012?)
Can you draw any
conclusions from this graph? Would
these graphs support our hypothesis
that warmer temperatures lead to earlier
bloom dates? Why or why not?

b. What is the variability in average
March temperature? (coolest to
warmest average March temp.)
c. What is the overall trend? Are
average March temperatures getting
warmer or cooler? Is it steep or fairly
flat? What does this mean?
d. What do you notice about the 2012
dot?

a. Students could note things like: the
graphs are almost inverses of one
another, dots start out closer together

e. How is this graph useful to us?
i. Helps us see if there is a trend
over time in average spring
17

a. and seem to spread out over time on
each graph.
b. Students confirm that 2012 was a very
warm March and that the bloom also
occurred very early that year.
c. So it does seem like there might be a
relationship between average March
temperature and bloom date. Looks
like perhaps when average March
temperatures are warmer, the cherries
bloom earlier, and when average
March temperatures are cooler, the
cherries bloom later.
5. Rest of Class/Homework: Found on
Lesson 1 Worksheet Part 2
a. How else could we graph the data to
better see the relationship between
avg. March temperature and bloom
date? If we plotted both sets of data
on ONE graph, what would it look
like?
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Worksheet

Name: _________________________ Hour: _________________
					

Date: _________________

Introduction to Michigan Cherries and their Annual Cycles
- Lesson 1 Worksheet Part 11. What did you learn from the Pure Michigan video and from your teacher about
Michigan agriculture?
a. There are ____ varieties of crops grown in Michigan
b. Michigan is the country’s #_____ producer of _________________.
c. Michigan (especially Northern Michigan) grows ____% of the nation’s tart cherries.
d. Michigan’s cherry industry is a $____ million industry.
2. Take notes on the radio clip about Michigan cherry trees.
a. When are cherries most vulnerable?

b. What caused damage to cherry blossoms in 2012? (Add to your notes after
discussion.)

3. What could be causing the cherries to bloom earlier in some years? In other
words, what could be driving the cherry’s cycle from bud, to blossom, to fruit?
Name at least three potential drivers of the cherry tree’s annual cycles and
provide a short explanation for your reasoning. (Add more after class discussion.)
i. _____________________________________________________________________
ii. _____________________________________________________________________
iii. _____________________________________________________________________
iv. Other potential explanations?:

1

Worksheet

TEACHER KEY

Introduction to Michigan Cherries and their Annual Cycles
- Lesson 1 Worksheet Part 11. What did you learn from the Pure Michigan video and from your teacher about
Michigan agriculture?
a. There are _200_ varieties of crops grown in Michigan
b. Michigan is the country’s #__1__ producer of __cherries_______.
c. Michigan (especially Northern Michigan) grows _75_% of the nation’s tart cherries.
d. Michigan’s cherry industry is a $_72_ million industry.
2. Take notes on the radio clip about Michigan cherry trees.

a. When are cherries most vulnerable?
These trees are the most vulnerable just before their white blossoms unfold, at
the so-called “water bud” stage.
b. What caused damage to cherry blossoms in 2012? (Add to your notes after
discussion.)
2012 was a very warm spring. This caused cherry trees to bloom earlier in the
spring, which made them susceptible to spring frost. The frost damaged nearly
the entire crop.

3. What could be causing the cherries to bloom earlier in some years? In other
words, what could be driving the cherry’s cycle from bud, to blossom, to fruit?
Name at least three potential drivers of the cherry tree’s annual cycles and
provide a short explanation for your reasoning. (Add more after class discussion.)
i. __Temperature____________________________________________________________
ii. __Precipitation____________________________________________________________
iii. __Sunlight_____________________________________________________________
iv. Other potential explanations?:
Student answers may vary: (climate, frost events, farming methods/inputs, soil
quality, pollination).
1

Worksheet

Name: _________________________ Hour: _________________
					

Date: _________________

Climate Change and the Future of Michigan Cherries:
- Lesson 1 KWL Worksheet K (What I Know)

W (What I Want to Know)

L (What I Learned)

1

Climate Change and the Future of Michigan Cherries:
Lesson 1 KWL Worksheet Continued

K (What I Know)

W (What I Want to Know)

L (What I Learned)

1

Worksheet

Name: _________________________ Hour: _________________
					

Date: _________________

Climate Change and the Future of Michigan Cherries:
- Lesson 1 Worksheet Part 2 & Homework Graph 1 - Bloom Date over Time

Graph 2 - Avg. March Temperature over Time

1. What do these two graphs tell us? What trends do you see?

2. Which years stand out on the graph? Why?

1

Climate Change and the Future of Michigan Cherries
Lesson 1 Worksheet Part 2 & Homework continued
3. Do you see evidence on these graphs to support the claim that there is a
relationship between warmer March temperatures and earlier bloom dates? If so,
why? If not, why not?

HOMEWORK
•

How else could we graph the data to better see the relationship between Avg.
March Temperature and Bloom Date?

•

If we plotted both sets of data (Data Table 1 and 2) on ONE graph, what would that
look like?

•

Fill in the graph information to the best of your ability. What would be the:
oo X axis/independent variable?
oo Y axis/dependent variable?
oo Units?
oo Title of your graph?

2

Worksheet

TEACHER KEY

Climate Change and the Future of Michigan Cherries:
- Lesson 1 Worksheet Part 2 & Homework Graph 1 - Bloom Date over Time

Graph 2 - Avg. March Temperature over Time

1. What do these two graphs tell us? What trends do you see?
Graphs show average March temperature & Bloom Date by year. Students could
note things like: the graphs are almost inverses of one another, dots start out closer
together and seem to spread out over time on each graph.
2. Which years stand out on the graph? Why?
2012. They may note other years, such as 2010.

1

Climate Change and the Future of Michigan Cherries
Lesson 1 Worksheet Part 2 & Homework continued

TEACHER KEY

3. Do you see evidence on these graphs to support the claim that there is a
relationship between warmer March temperatures and earlier bloom dates? If so,
why? If not, why not?
Students confirm that 2012 was a very warm March and that the bloom also
occurred very early that year. Looks like perhaps when average March temperatures
are warmer, the cherries bloom earlier, and when average March temperatures
are cooler, the cherries bloom later. Students may note other dates. Look for a
justification for their response.

HOMEWORK
•

How else could we graph the data to better see the relationship between Avg.
March Temperature and Bloom Date?

•

If we plotted both sets of data (Data Table 1 and 2) on ONE graph, what would that
look like?
GRAPH FOUND ON SLIDE 29

•

Fill in the graph information to the best of your ability. What would be the:
oo X axis/independent variable? Average March Temperature
oo Y axis/dependent variable? Bloom Date
oo Units? Degrees Fahrenheit & Julian Day
oo Title of your graph? Bloom Date of Cherries in MI as a function of Avg. March
Temp.

2

Lesson 1 - Climate Change and the Future of Michigan Cherries

Data Table 1

Data Table 2

Table 1: Date of Tart Cherry Full
Bloom in Traverse City, MI

Table 2: March Avg. Temperature
in Traverse City, MI

Year

Date of Year
(Julian Day)

Date

Year

Avg. March Temp
(Fahrenheit)

1983

141

May 21

1983

32

1984

142

May 21

1984

24

1985

127

May 7

1985

32

1986

125

May 5

1986

33

1987

125

May 5

1987

35

1988

134

May 13

1988

31

1989

139

May 19

1989

26

1990

125

May 5

1990

34

1991

132

May 12

1991

34

1992

133

May 12

1992

31

1993

132

May 12

1993

29

1994

141

May 21

1994

31

1995

139

May 19

1995

35

1996

143

May 22

1996

26

1997

148

May 28

1997

31

1998

124

May 5

1998

34

1999

125

May 5

1999

31

2000

125

May 4

2000

40

2001

126

May 6

2001

29

2002

137

May 17

2002

28

2003

137

May 17

2003

29

2004

133

May 12

2004

34

2005

130

May 10

2005

28

2006

123

May 3

2006

33

2007

128

May 8

2007

36

2008

136

May 15

2008

27

2009

135

May 15

2009

32

2010

118

April 28

2010

38

2011

140

May 20

2011

29

2012

110

April 19

2012

47
1

HANDOUT

Climate Change and the Future of Michigan Cherries
Julian Day Calendar:

Source: National Atmospheric and Oceanic Administration (NOAA)

Julian Day Calendar:

Source: National Atmospheric and Oceanic Administration (NOAA)

1

Lesson 2 - Intro to Modeling: Graphing and analyzing
phenology data
Time Needed

Materials/Prep

50 minutes
1. Teacher Slides (slide 21)
a. Ensure ability to play audio clips from computer.
2. KWL Worksheet
a. See KWL (Know-Want to Know-Learned) overview for
teachers here.
b. Provide opportunities throughout the lesson for students
to make entries in each column of the worksheet.
3. Lesson 2 Student Worksheet & Homework (printed, hand out at
slide 30) - have Lesson 1 worksheet available for reference.
4. Graph Choice Chart (printed, optional: to help students figure
out what kind of graph to use)
5. Julian Day Calendar Handout
6. Extra graph paper
7. Calculators
8. Pencils and Rulers
9. Have students sit in groups

Student Learning
Outcomes

Students will be able to:
1. Analyze and explain temperature and cherry phenology graphs
and their implications.
2. Analyze a model of blooming date as a function of average
March temperature by calculating line of best fit.
3. Use graphical model to predict timing of phenology events
based on various average March temperature scenarios.

Additional Resources Online graphing resources: (If teachers want students to use
computers to graph):
• Google Sheets

•

http://illuminations.nctm.org/Activity.aspx?id=4186

•

http://knowpapa.com/trend-line/

Next Generation Science Standards
HS-LS2-2. Use mathematical representations to support and revise explanations based on
evidence about factors affecting biodiversity and populations in ecosystems of different scales.
HS-ESS3-1. Construct an explanation based on evidence for how the availability of natural
resources, occurrence of natural hazards, and changes in climate have influenced human activity.
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Review:

d. Definition of “Phenophase”: An
observable stage or phase in the
annual life cycle of a plant or animal.
(The actual stage, “flower bloom” for
example, is called a “phenophase.”)

1. Lesson 1 Review: “What happened in
2012 to Michigan cherries? What did we
discover through our data sets?
2. Review: “What story do these graphs
tell? What years stand out? What
conclusions can we draw from the
graphs? Do these graphs support our
hypothesis that warmer temperatures
lead to earlier bloom dates?”

2. Show TedEd video: Phenology and
Nature’s Shifting Rhythms to reinforce
concepts of phenology. (Watch full
video, 3 min 40 seconds). “This general
topic of how temperature and other
climate and weather patterns can
influence plants or animals is called
“phenology.” Let’s learn more about
the study of phenology and why it is so
important.”

a. “So it does seem like there might be
a relationship between average March
temperature and bloom date. Looks
like perhaps when average March
temperatures are warmer, the cherries
bloom earlier, and when average
March temperatures are cooler, the
cherries bloom later.”

a. After the video: “What did you learn
from this video? Why is phenology an
important field of study?”
3. Students Brainstorm: “How can we use
phenology to help cherry farmers?”

Introducing the concept and study
of phenology

1. Introduce and define concept of
phenology: “The timing of when
the cherry trees blossom and all of
these other events you described
are examples of “phenology. What
do you think phenology means?”
(Help students come to understanding/
definition, writing the definition up on
the board as needed.)

How can we graph the relationship
between Bloom Date and Avg.
March Temperature?

1. Homework Review: “How could we
graph the information differently
to make it even more clear whether
or not there is a direct relationship
between March temperature and
blooming date?”

a. Literal meaning: “The science of
appearance.”

a. Students brainstorm with each
other in groups, then with
teacher guidance: Farmers would
want to be able to PREDICT the
bloom date using temperature
data. We want to see if there is a
direct relationship between bloom
date
and
March
temperature,
so we need to graph those two
variables on the SAME graph,
rather than on two separate graphs.

b. Roots: Pheno: “to show or appear”
and Logos: “to study”
c. Definition: Phenology refers to
recurring plant and animal life cycle
stages. It is also the study of these
recurring plant and animal life cycle
stages, especially their timing and
relationships with weather and
climate. (Cite: National Phenology
Network)
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2. Think- Pair- Share: Students use graph
choice chart (optional) and discuss with
teacher help to come to the realization
that plotting bloom date as a function
of March temperature on a scatterplot
would help them to see the relationship
more clearly:

2. “What can you add to this graph to
help make the relationship more clear
and to better predict bloom date?”
a. “We could add a line-of-best-fit: a
linear average of all data points. This
means the line is as close as possible
to all data points. The line-of-best-fit
can be used to identify any patterns
in your data because it summarizes
the
relationship
between
the
independent and dependent variable.
It is also called the trend line or
linear regression.”

a. Students in groups (or with teacher
on board as necessary) work
through steps of graphing these as
one graph. Graph as any points as
possible (before showing slide 29
of the full graph/model.) Students
do the work on graph paper:
i. What would be the y axis? (Date of
Full Bloom )
ii. X axis? Temperature
b. How to plot the data (for example):
i. 1983: Plot a point at 32 degrees
and Date of Year 141 = May 21.
2012: Plot a point at 47 degrees
and Date of Year 110 = April 19.

3. Hand out Lesson 2 Worksheet.

Adding and understanding line of
best fit on our graph of Bloom Date
as a function of Avg. March Temp.

1. “We determined we should add the
line of best fit. How do we find that?”
(Get student ideas)

Analyzing our graph of Bloom Date
as a function of Avg. March Temp.

a. Have students estimate the line of
best fit on their graphs on Lesson
2 Worksheet (using a rule or other
straight edge like the edge of a
book). Share/compare their line of
best fit with their groups and with the
with other students around the class.
Students could also use rulers or
string to show others their estimates
on the projected image.

1. After students/teacher work through
the steps of starting to graph this (as
many points as possible) on the board/
graph paper, show and analyze the
full graph (slide 29) of Blooming Date
as a function of March temperature.
Students answer:
a. What is this graph telling us?

b. “The line you added to your
graphs is called a line-of-best-fit,
or a trend line. A line-of-best-fit is
a linear average of all data points.
This means the line is as close as
possible to all data points. The lineof-best-fit can be used to identify
any patterns in your data because it
summarizes the relationship between
the independent and dependent
variable.”

b. What is the dependent variable?
Independent?
c. Looking at the points on this graph,
describe the relationship between
average March temperature and
Blooming Date.
d. What about the point all the way to
the right? What do you think that dot
is? (2012)
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2. Show students line-of-best-fit on
slide. “The line-of-best-fit can be used
to identify any patterns in your data
because it summarizes the relationship
between
the
independent
and
dependent variable. What does this line
tell us about the relationship between
our variables?”

ii. The temperature in degrees
Fahrenheit
iii. This is the independent variable
b. What is y?
i. Y= y value of a point on the line
ii. The date of full bloom
iii. This is the dependent variable

a. “We visually estimated the line of
best fit, but we can be even more
sure if we mathematically calculated
the line of best fit. This is the
actual line of best fit that has been
mathematically calculated to minimize
the distance between the line and
all the points. How close were your
estimates?”

c. What is m?
i. M= slope (rise over run; the
change in y over the change in x)
ii. Point to the m= y2-y1/ x2-x1
equation. “Slope is calculated by
dividing a change in y by a change
in x. Did bloom date get earlier or
later as temperature increased/got
warmer?”

3. Discussing and analyzing our line of
best fit and equation. “Why would we
want the equation for the line?” (Would
it make it easier to estimate the bloom
date, rather than just eyeing it on the
graph?) “What would that look like?”
(Get student ideas.)

iii. “It decreased, it got earlier.
This makes sense because the
slope here is a negative number.
Remember a negative slope
means a line-of-best-fit that slants
downwards, while a positive slope
means a line that slants upwards.”
iv. Interpreting the slope: “For every
degree warmer, how many days
earlier do the cherries bloom?”

4. What does the equation mean? “The
general equation is y = mx + b. This
equation is a way of describing the lineof-best-fit mathematically! The variables
in the equation are y, m, x, and b. They
represent different pieces of information
shown on the graph. In the next few
slides, we will go over what each means.
With these four pieces of information
you can summarize the relationship
between the two variables in your
graph.”

d. What is b?
i. B = y-intercept (where the line
crosses the y-axis). The Y value
when X= 0.
ii. The blooming date if the average
March temperature was zero
degrees Fahrenheit.
iii. NOTE: The Y intercept represents
the Bloom Date if the average
March
temperature
were
0
degrees. We can’t see zero on our
graph, but we can estimate where
the line might hit zero. This would
be somewhere around 170.

5. Review slope-intercept form: What
does each part of the equation y = mx+b
represent in general and in this context?
(Questions are on Lesson 2 worksheet)
a. What is x?

iv. Date

i. X= x value of a point on the line
22

of

year

(DOY)

173.2

ii. corresponds with June 21st.
This very cool average March
temperature would correspond to
a very late Bloom Date. (Compare
173/June 21 to the average
date of bloom - 133/May 12)

Using our graph to make Bloom
Date predictions based on March
Temp.

1. Student Practice: Using the Lesson
2 worksheet, have students practice
predicting bloom date based on given
temperatures (25, 30, 45 degrees).
2. HOMEWORK (Listed on Lesson 2
Worksheet):
a. What impact may very early or late
bloom dates have on cherry farmers
and the larger population?
b. Reflect on the strengths and
limitations of your graph. What can it
help farmers with? What doesn’t the
graph do? How could you make it
more accurate?
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Worksheet

Name: _________________________ Hour: _________________
					

Date: _________________

Climate Change and the Future of Michigan Cherries:
- Lesson 2 KWL Worksheet K (What I Know)

W (What I Want to Know)

L (What I Learned)

1

Climate Change and the Future of Michigan Cherries:
Lesson 2 KWL Worksheet Continued

K (What I Know)

W (What I Want to Know)

L (What I Learned)

2

Worksheet

Name: _________________________ Hour: _________________
					

Date: _________________

Climate Change and the Future of Michigan Cherries:
- Lesson 2 Worksheet & Homework 1. Estimate the line of best fit (using a straightedge) on the graph below.

2. Using another color pen or pencil, add the actual line of best fit.

3. What does this graph and the line of best fit equation tell us about the relationship
between the variables Average March Temperature and Bloom Date?

4. Estimate the average date of bloom according to the graph. (Approximately
what day to cherries seem to bloom most often?)

5. What is the equation for the line of best fit for our graph?
(____ ) = (____)(_____)+(_____)
1

Climate Change and the Future of Michigan Cherries:
Lesson 2 Worksheet & Homework
6. What does each part of the equation mean in general and in this context?
•

X

•

Y

•

M - specifically, for every degree warmer, how many days earlier do the cherries
bloom?

•

B - If there was an Avg. March temperature of 0 degrees, what day would the 
cherries bloom according to our model? How different is this than the average 
date of bloom (located on your data table)?

7. UsethelineofbestfitanditsequationtopredicttheBloomDateifAvg.March
temp. Is: (include both Julian Day format and actual data, e.g. May 12.)
•

0 degrees: ______

• 25 degrees: _____
• 30 degrees: _____
• 45 degrees: _____

HOMEWORK
1. What impact may early or late bloom dates have on cherry farmers and the
larger population?

2. Reflect on the strengths and limitations of your graph. What can it help farmers
with? What doesn’t the graph do? How could you make it more accurate?

2

Worksheet

TEACHER KEY

Climate Change and the Future of Michigan Cherries:
- Lesson 2 Worksheet & Homework 1. Estimate the line of best fit (using a straightedge) on the graph below. Answer
may vary.
2. Using another color pen or pencil, add the actual line of best fit. See slide 32

3. What does this graph and the line of best fit equation tell us about the relationship
between the variables Average March Temperature and Bloom Date?
When Average March Temperature is low, Bloom Date is later (higher). And when
Average March Temperature is high, Bloom Date occurs earlier (lower).
4. Estimate the average date of bloom according to the graph. (Approximately
what day to cherries seem to bloom most often?)
Julian Day 131 or 132, so approximately May 12
5. What is the equation for the line of best fit for our graph?
(_y_ ) = (_m_)(_x_)+(_b_)
1

Climate Change and the Future of Michigan Cherries:
Lesson 2 Worksheet & Homework

TEACHER KEY

6. What does each part of the equation mean in general and in this context?
•

X is the x-value of a point on the line; the temperature in degrees Fahrenheit; This
is the independent variable

•

Y is the y value of a point on the line; the date of full bloom, this is the dependent
variable

• M - specifically, for every degree warmer, how many days earlier do the cherries
bloom?
m is the slope (rise over run, the change in y over change in x). For every degree
warmer, cherry trees bloomed 1.3 days earlier.
•

B - If there was an Avg. March temperature of 0 degrees, what day would the 
cherries bloom according to our model? How different is this than the average 
date of bloom (located on your data table)?
b is the y-intercept (the y value when x=0).
If avg. March temperature= 0 degrees, cherries would bloom on Day 173.22 (or
June 21st).

7. UsethelineofbestfitanditsequationtopredicttheBloomDateifAvg.March
temp. Is: (include both Julian Day format and actual data, e.g. May 12.)
•

0 degrees: 173 = June 21

• 25 degrees: 140/141 = May 19/20
• 30 degrees: 134 = May 13
• 45 degrees: 114/ 115 = April 23/24

HOMEWORK
1. What impact may early or late bloom dates have on cherry farmers and the
larger population?
Student answers may vary. Students may mention frost, loss of crop, growing season,
loss of income for farmers, expense of purchasing cherries, availability of cherries to
population, influence on other products
2. Reflect on the strengths and limitations of your graph. What can it help farmers
with? What doesn’t the graph do? How could you make it more accurate?
Student ideas may vary. Details re. Strengths & Limitations found on Slide 45.
Adding more data would make the graph more accurate (additional years, See Slide
46+ for practice). Students may also mention adding in more information or variables.
2
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  Chart	
  

What	
  question	
  would	
  you	
  like	
  to	
  explore?	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Write	
  your	
  question	
  as	
  a	
  complete	
  sentence.	
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Box	
  &	
  whisker	
  plot	
  

(To	
  compare	
  two	
  groups	
  of	
  values)	
  

(To	
  compare	
  two	
  summary	
  values)	
  

	
  

	
  

Kind	
  of	
  data:	
  	
  
Size	
  of	
  a	
  subgroup	
  as	
  a	
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  of	
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  whole	
  group	
  (Total	
  of	
  sub-‐groups	
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  are	
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  of	
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  and	
  other	
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  of	
  
graphs,	
  and	
  often	
  more	
  than	
  one	
  
graph	
  type	
  is	
  useful	
  for	
  a	
  given	
  
question.	
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  to	
  graph	
  data	
  
for	
  these	
  basic	
  kinds	
  of	
  questions	
  
first.)	
  

___	
  Trend	
  line	
  shown	
  (scatter	
  plot	
  or	
  
	
   line	
  graph	
  only)	
  
	
  
	
   Graph	
  helps	
  answer	
  the	
  question	
  
___	
  

	
  	
  

___	
  Title	
  and/or	
  caption	
  present	
  

	
  

___	
  Graph	
  is	
  overall	
  neat	
  &	
  legible	
  

___	
  
	
   Legend	
  is	
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  if	
  needed	
  

	
   Data	
  are	
  plotted	
  accurately	
  	
  
___	
  

___	
  Units	
  are	
  given	
  

	
  

___	
  Axes	
  are	
  labeled	
  clearly,	
  correctly	
  	
  

	
  	
  

___	
  Axes	
  are	
  drawn	
  &	
  scaled	
  correctly	
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for	
  an	
  informative	
  graph:	
  
	
  
	
  
	
  
___	
  
	
   Graph	
  type	
  fits	
  the	
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Proportion	
  (percentage)	
  questions:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Pie	
  chart	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  OR	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Stacked	
  bar	
  graph	
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  variables	
  must	
  be	
  continuously	
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  dots	
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  if	
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  variable	
  
is	
  linear	
  time	
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  of	
  data:	
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  variables	
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Lesson 3 - Application: Using climate and phenology
data and models to make predictions
Time Needed

50 minutes

Materials/Prep

1. Teacher Slides (slide 41)
a. Ensure ability to play audio clips from computer.
2. KWL Worksheet
a. See KWL (Know-Want to Know-Learned) overview for teachers
here.
b. Provide opportunities throughout the lesson for students to make
entries in each column of the worksheet.
3. Lesson 3 Student Worksheet & Homework (printed) - have Lesson 1 & 2
Worksheets available for reference.
4. Student Laptops (with ability to access/download Model Spreadsheet).
5. Extra graph paper
6. Calculator
7. Pencils and Rulers
8. Have students sit in groups

Student Learning
Outcomes

Students will be able to:
1. Explain the utility, strengths and limitations of their model and models
more generally.
2. Examine and explain how new data is incorporated to improve model
accuracy.
3. Use model to predict impact of regional climate change on the
Michigan cherry industry.
4. Explain how Citizen Science data contributes to climate and phenology
research.
5. Understand, propose and evaluate potential solutions to mitigate and
adapt to the negative impacts that a shifting climate has on cherry
trees.

Additional
Resources

Online graphing resources: (If teachers want students to use computers to
graph):
• Google Sheets
• http://illuminations.nctm.org/Activity.aspx?id=4186
• http://knowpapa.com/trend-line/

Next Generation Science Standards

HS-LS2-2. Use mathematical representations to support and revise explanations based on evidence
about factors affecting biodiversity and populations in ecosystems of different scales.
HS-LS2-7. Design, evaluate, and refine a solution for reducing the impacts of human activities on the
environment and biodiversity.
HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on
natural systems.
24

Review: Using our graph to make
Bloom Date predictions based on
March Temp.

B. of animals. It diagrams how
different animals are related by
evolution.

a. “How can you use the line of best
fit to predict the bloom date when
average March temperature is 25
degrees? 45? 30?”

D. Graphs like this can also be
scientific models. This one shows
temperature and growth for 8
northern red oak trees. It helps
us predict what the relationship
between temperature and tree
growth will be in the future.

C. This model shows the layers of
the earth. It helps us visualize the
inside of the earth, which we can’t
typically see.

1. Review homework, questions about
last lesson, and where we left off
(Slide 42).

b. “What does the equation for this
line man? Why would we want the
equation for the line?” (Get student
ideas.)

E. This model shows the water cycle.
It helps us understand how water
moves through different physical
states and locations on the planet.

2. Review: What did you find? After
discussing, reveal answers (bloom date)
based on temperature.

2. Strengths & Limitations of Model

Strengths/utility and weaknesses of
our model

a. Ask students, “Why are models
useful? Why do we use them?”

1. Discuss scientific models, why we use
them, their strengths, limitations:

i. Shows relationships between
different variables.
ii. Make part of the world easier to
understand: Condenses complex
dynamics into a few terms so that
we can more easily understand
what is happening.
iii. Allow us to make predictions
about the future: We cannot run
experiments on the earth as a
whole, so we use models to help
us predict and explain (rather than
just guessing).

a. Did you know this is a scientific
model! What is a “model”?
i. A representation of part of the real
world/
ii. Created by combining real data
from many variables to estimate
processes and systems over time.
b. Click again. Ask students, “What
are other examples of models? Do
you see any around the room?”
(Slide 45)

b. Click- Ask students, “Why is
our model useful? What are its
strengths?”

i. Models on slide:
A. This model shows the relationship
between the sun, earth, and
moon. It simulates the movements
of the sun, earth, and moon in
space relative to each other.

i. This model gives us relatively
strong power to predict (as you
just saw): You used the graph
and the line/equation to predict
bloom date and how this benefits
farmers.

B. This model shows different types
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1. “Why can’t we use this model
to predict date of bloom for
the cherry trees in Washington,
D.C. or Japan, for example?”

ii. Like we discussed above, we
cannot run experiments on the
earth as a whole, so creating
a model can help us make
predictions rather than just
guessing about what will happen.

a. Individual trees are adapted/
acclimated
to
the
local
conditions they grew under. If
we were to transplant a cherry
tree from the South to the
North, it would likely bloom
at a different date than the
local trees. We would need
to collect this same kind of
data for those trees in those
locations

c. Click- Ask students, “What can we
not do with this model or what
does this model not tell us? (What
are its “limitations”?) What kinds of
other information or data could we
collect to make it even more useful
to us?”

i. Variability: Discuss the fact that
there is some variability around
the line. Most observations do
not fall right on the line, there are
deviations, thus the line predicts a
particular date but the actual date
could be below or above the line.
Then estimating how much higher
or lower it could go would give
us an estimate of the uncertainty
around our predictions. Our
predictions are not exact, but give
us our best possible estimates.

v. “Is there anything else the
model doesn’t include that
might be helpful?”
1. The model does not include
any data about the dates or
risk of frosts. Frost is the most
relevant consequence of early
phenology in the case of the
cherry trees. Are late frost
events getting more common?
Is the last frost date moving
later into the year?

ii. What can make it more
accurate? Collecting more data
(over a longer period of time, or
from more cherry trees) can help
make our model more accurate.

Improving/updating and updating
our model

1. How can we make our model more
accurate? “Why do scientists need
large data sets to accurately describe
relationships between variables? Look at
the graph on the left – it contains only
2 data points, and the pattern here is a
negative one. Now look at the graph
on the right. It contains the same 2 data
points and a third data point. They trend
is completely different; now it is positive!
This is just one example of how more
data helps reveal more accurate trends.”

iii. We can’t necessarily extrapolate
beyond the line: If we extrapolate
beyond the curve we don’t
have data to back up that the
relationship will be the same.
iv. Generalizability:
1. Doesn’t apply to other species
of trees. (We would need to
have data on other tree species
to see if they react the same
way to warmer temperatures.)

2. Let’s try it! Students
model spreadsheet and

2. Doesn’t apply to cherry trees in
other geographical locations.
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download
add new

1. data (for years 2013, 2014, and 2015)
to their graphs.

1. 1971 - 2000 period, assuming emissions
of greenhouse gases continue to rise (A2
scenario). Northern areas will likely see
greater warming by mid-century. The
Eastern Upper Peninsula and Northern
Lower Peninsula of Michigan may see
particularly significant changes. The
Traverse City area looks like it could see
an increase about 5 to 5.5 degrees!

a. Ideally, students do this on their own
laptop. Students should download
a copy the spreadsheet onto their
computer first (we recommend
pasting the link onto your course
website for students to access),
then students update the model by
copying and pasting the new 3 rows
(years) of data into the bottom of
the existing data table. This should
automatically update the graph to
provide a new line of best fit.

4. Use your model to analyze the
impact of climate change on Michigan
cherries. Ask students to consider
how the bloom date would change if
average March temperature increased
by 2, 4, and 6 degrees. How might it
impact cherry farmers and the greater
population? Take student answers.

b. If laptops not available for all
students, students can work in groups
or follow along while the teacher adds
the data and projects on the screen.

What’s being done and what else
might we want to research on this
issue?

3. Updated model: “How did the
addition of 2013, 2014, and 2015
data change your model? How did
the equation for the line of best fit
change? How might this change in the
future?”

1. Discuss what is being done to work on
the cherry tree issue (Slide 53):
a. Get student ideas on what they would
do to deal with this issue if they were
a cherry farmer.

Climate change and its impact on
Michigan cherries

b. Then, play the rest of the NPR story
“Fruit Growers Try Tricking Mother
Nature to Prevent Crop Damage”
(start at 1:16 or replay the beginning
for a refresher).

1. Online Research: Ask students to spend
a few minutes researching how climate
change is expected to impact Michigan.
Is Michigan expected to get warmer
or cooler? If so, by how much? Ask
students to share what they found about
how Michigan’s climate is expected to
change. Click the next slide to reveal the
overall trends.

i. Using technology to “trick” trees
into blooming later
ii. Diversifying their crops in order
to mitigate the impacts of climate
change. (Farmers lessen their risk
by planting different crops like
apples that respond differently to
weather and climate than cherry
trees.)

2. Trends: Warmer winters: Late winter
temperatures rising faster than other
seasons + Variability in spring freezesà
May result in more freeze damage early
in the growing season.

2. Future Questions: Have students come
up with other questions related to this
topic. “What other data might we want

3. Map Projections: Map shows projected
increases in annual average temperature
by 2041-2070 as compared to the
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2. to gather?” What about other factors
we came up with earlier, such as wind,
sunlight, precipitation, soil quality,
pollination, other ideas?

a. that impacts agriculture, tourism, and
the economy in Michigan. How might
this issue impact your life or that of
people you know?

a. For example, What about frost
events? What would be useful to
know about these events? What
about different varieties of cherry
trees? What if plants begin to flower
earlier, but pollinators are not yet
there to pollinate them? What would
this do to our fruit crops?

b. To teach you about Citizen Science
and how you can contribute to this
field of study
c. To learn how to graph and analyze
data, and to use a model
d. The bigger picture: Building these
analytic skills is important whether
you become a scientist or not. By
being able to understand data and
graphs when they are presented to
you, you will be able to engage more
with the news, scientists, politicians,
etc. in your careers. Rather than
just listening to someone tell you
something is true or not, you will be
able to analyze what they are saying
and come to conclusions on your
own.

The Big Picture: Why is this topic
important, and how can you
contribute to solving the problem?

1. How can you help mitigate climate
change?
a. “What you can do in your own life
to help mitigate climate change?”
(Explain definition of “mitigate” if
necessary: Mitigate means to lessen,
reduce, make less severe. (Discuss
student ideas)

3. How can you contribute to phenology
research?
a. Phenology data collected by citizens
like you contributes to scientific
research around the world.

b. Encourage students to “Do One
Thing” to help mitigate climate
change. Students can find lots of
ideas on page 14 of the Ann Arbor
Energy
Challenge
Handbook,
availavle for download where this
lesson was downloaded. If time in
class, teacher can have students visit
the Handbook during class time.

b. Students could visit Project BudBurst
in class on their computers if they
have time. Research how they are
using phenology data to answer
scientific questions.

Evaluating student learning

c. Do some research and share with
your classmates next class. You can
even share your commitment online
on the Alliance for Climate Education
website! https://acespace.org/dot

1. Assign Homework #3:

a. Split students into three even
groups; assign each group one of the
following articles. They will read their
article for homework and be prepared
to discuss it and present it to the class
for Lesson 4.
i. “Why is phenology important?”

2. Ask students, “Why do you think we
did these lessons?” (Click through for
different images as you discuss.)
a. To learn about a specific issue
Michigan farmers are dealing with
28

ii. “Climate change will leave Edith’s
checkerspot butterflies out of sync”
iii. “Walden warming”
2. (Optional) Assign Homework #4:
a. Students write a letter, etc. to a cherry
farmer about what they have learned.
i. We suggest giving students more
than one night to complete this
assignment, to increase the quality
of their work and their ability to
access a computer/ internet to do
their own research on pros/ cons
of the different options farmers
have.

OPTIONAL Exercises (Additional
“Extend” and “Evaluate” exercises):

1. Students practice graphing on graph
paper or in Google Sheets, Excel, etc.
a. Provide the tables of the Year and
Flowering Date and/or Year and
temperature, students graph all the
points on their own.
b. Students graph all the data points
for the Temperature vs. Bloom Date
relationship on their own. Practice
finding the equation for line of best
fit.
2. Work in groups to apply analysis/
modeling skills to other cherry data
(graph it, find the line of best fit, use
line/equation to make predictions).
a. D.C. cherry data (discuss importance
of Washington D.C.’s cherry trees/
festival to tourism industry), a
different plant species, or different
plant-animal
relationship.
Fun
video about D.C. cherry tree
blooming by “Nature Boom Time.”
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Climate change will leave Edith’s checkerspot
butterflies out of sync
Nov 20, 2009
Author: Mitch Merry, Endangered Species Coalition
By Steve Toub

As part of our continuing series examining the impacts of climate change on endangered
species, we’ll now address how the rapid, disruptive climate change impacts the Edith’s
checkerspot butterfly. The butterfly is so sensitive to climate that the National Academy
of Sciences (NAS) study on the Ecological Impacts of Climate Change says it acts as an
“early warning indicator of climate change in North America.”
Two subspecies of the Edith’s checkerspot butterfly
are listed under the Endangered Species Act, the
Bay checkerspot in the San Francisco Bay area, which
was listed as threatened in 1987 and recommended
to be “uplisted” to endangered last month, and
southern California’s Quino checkerspot, listed as
endangered in 1997. Habitat destruction due to
human development is the primary cause in declining
populations of both subspecies, but the NAS reports
Bay checkerspot butterfly – T.W.Davies (c),
that the Quino “is the first endangered species for
California Academy of Sciences
which climate change is officially listed as both a
current threat and a factor to be considered in the plan for its recovery” since the habitat
in Baja California that is least developed is becoming too warm and arid to support the
population.
Known for their delicate nature, butterflies’ unique life cycle is part of their cultural appeal.
Caterpillars need enough to eat during their larval stage to be able to go dormant during
the pupa stage and emerge as adult butterflies. Unlike the migratory monarch, whose
caterpillars can live on any number of milkweed species, the Edith’s checkerspot butterfly
spends its entire life in an extremely small habitat. Both the Bay and Quino checkerspots
have only one primary host plant species during its larval stage, the dwarf plantain
(Plantago erecta).
This habitat sensitivity makes them more susceptible to environmental changes than other
butterflies: when the dwarf plantain ages earlier as a result of climate change, it becomes
less available to checkerspot caterpillars. This lack of synchronicity between checkerspots
and the resources on which they depend has been proven to lead to declines in their
population and local extinctions, negatively impacting the likelihood of their recovery.
1

By looking at historical records in combination with 1994-1996 field studies of the Edith’s
checkerspot butterfly, Camille Parmesan has found that “population extinctions were
four times as high along the southern range boundary (in Baja, Mexico) than along the
northern range boundary (in Canada), and nearly three times as high at lower elevations
(from 8,000 to 12,5000 feet).” This shift northward (92km) and upward (124m) in elevation
corresponds to the warming trend in this region over this time period (105km northward
and 105m upward), making this one of the first studies to make the claim that decline of
a species is most likely due to warming trends.
While rapid climate change may force the checkerspot to migrate northward and to
higher elevations, the host plants and nectar sources they depend upon may not always
be available there or be able to migrate as quickly as the checkerspot, creating resource
mismatches. Stanford University researchers also report that since the temperature and
precipitation changes are expected to increase in variability, it is less likely that butterfly
and its larval hosts could adapt than if the changes followed a consistent pattern from
year to year.
In response to increased climate change, the traditional options of protecting habitat in
the northern and higher-elevation areas of the existing range of these two subspecies
may not be enough. Some conservation biologists such as Parmesan are now proposing
that species like the Bay and Quino checkerspot butterflies be forcibly moved into areas in
which they’ve never been. This “managed relocation” strategy, isn’t without controversy;
critics have labeled it as “tantamount to ecological roulette.”
To learn more about the impact of climate change on endangered species, visit the
Endangered Species Coalition website at stopextinction.org and see previous posts on
polar bears, pikas, birds, and reptiles.
Categories: climate change, adaptation, Global Climate Change Impacts in the United
States, checkerspot butterfly
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Walden Warming
Following in Thoreau's footsteps, Massachusetts researchers are creating
the most complete picture yet of global warming's impact on the biology
of a U.S. region
10-01-2007 // T. Edward Nickens By Steve Toub

MAY 10, 1853, was a warm day outside Concord, Massachusetts--an early spring day
when a New Englander outdoors would “begin to think of thin coats,” noted Henry David
Thoreau. Walking from Concord towards Saw Mill Brook, Thoreau jotted down what he
saw. “The deciduous woods were in their hoary youth,” he wrote, “every expanding bud
swaddled with downy webs.” Nodding trillium had flower buds, and hornbeam was about
to bloom. Pear trees had blossomed, and the butternut buds were the most pronounced
of all the woods’ hickories. He heard the spring’s first veery. “It is remarkable,” wrote
Thoreau, “that I saw this morning for the first time the bobolink, gold robin [most likely a
northern oriole], and kingbird.”
Remarkable, too, that he kept such meticulous records. In fact, on almost every spring
morning between 1851 and 1858, long after his private tenure at Walden Pond, Thoreau
explored the ponds and shady woods around Concord, observing nature. For day after
day, year after year, he searched for the first blooms of more than 300 plant species and
watched for the first arrivals of migrating birds.
Today, nearly 160 years later, Thoreau’s detailed observations form the basis of a longterm study of how climate change is altering the timing of seasonal biological events-or phenology--and how such shifts may in turn impact the wildlife and wild places of
an entire region. Researchers from Boston University have assembled a vast array of
biological data--arboretum specimens, old photographs and the observations of local
citizens, in addition to Thoreau’s journals--to produce a baseline of springtime events for
the Concord area. Comparing these data to the results of their own exhaustive, five-year
effort to walk, literally, in Thoreau’s footsteps, the scientists can now tell a story that New
England’s favorite naturalist-philosopher might never have imagined: As Massachusetts
warms, flowers are blooming, trees are leafing out, and birds are arriving as many as three
weeks earlier than they did in the mid-nineteenth century. “If Thoreau were alive today,
he would be very concerned about this,” says Richard Primack, a biology professor at
Boston University and lead researcher on the project.
NOTING NATURE
Thoreau, famous for his prodigious note-keeping, recorded his seasonal observations in
tables sketched on large sheets of surveyor’s paper. “I take infinite pains to know all of
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the phenomena of the spring,” he explained in one journal entry. Thoreau intended to
publish a book about the unfolding of spring in the woods around Concord, but his death
in 1862 derailed the project, and his notes were scattered among library collections
across the country.
Four years ago, however, Primack learned that an independent New Hampshire scholar
named Brad Dean had spent 10 years tracking down these original sheets, making
copies and reassembling the data. By then, Primack, author of A Primer on Conservation
Biology, was looking for studies demonstrating physical evidence of global warming. He
and graduate student Abraham Miller-Rushing couldn’t believe their good fortune. Still, it
took Primack’s team nearly nine months to decipher Thoreau’s famously poor handwriting
and archaic species names and plug the information into a usable spreadsheet.

HISTORICAL
IMAGES FROM
CONCORD FREE
PUBLIC LIBRARY
At the same time, the scientists’ sleuthing uncovered a trove of other regional records to
augment Thoreau’s notes. At Harvard University’s Arnold Arboretum, one of the oldest
public botanical gardens in the United States, they were able to compare the flowering
times of 229 plants in 2003 with records of flowering times of the same individual
plants going back as far as 1885. In Concord, they found a collection of images from a
photographer, Herbert Wendell Gleason, who between 1900 and 1921 took and dated
photographs of many of the plants and places mentioned in Thoreau’s journals. From
these, the scientists gleaned flowering data on 17 species of wild plants, including pink
lady’s slipper, which flowered six weeks earlier in 2005 than in 1917.
Some of the richest sources of data turned out to be citizen-scientists in the mold of
Thoreau himself. From 1888 to 1902, a Concord shopkeeper named Alfred Hosmer,
inspired by Thoreau’s writings, recorded the first flowering dates of more than 700
plant species in the area. A passionate nature aficionado named Pennie Logemann
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provided flowering records between 1963 and 1993. And for more than half a century,
Middleborough, Massachusetts, resident Kathleen Anderson has kept meticulous track
of the timing of bird arrivals, plant flowerings and spring choruses of frogs and toads on
her 100-acre farm. “I keep a stack of those desk calendars with one full page for each day
of the week,” she explains, “and I was pretty intense about it. I noted weather conditions,
temperature, rainfall, and whatever I happened to notice. Were the Canada mayflowers
blooming? Were the juncos around? It was for my own enjoyment. It never occurred to
me that these records would be of any use or interest to anyone whatsoever”--until she
was contacted by Primack and Miller-Rushing, who crunched her observations into their
expanding database.
The researchers, meanwhile, were making their own detailed observations. For the past
five years, Primack and Miller-Rushing have traveled to Concord three times a week in
spring and summer, walking the woods to ask the same questions that Thoreau asked:
When do the flowers bloom? When do the birds return? So far, they have amassed
another 100,000 data entries about the phenology of springtime plants and birds.
WHAT THE FLOWERS SAY
Pooling their data, the researchers have discovered that many plants in the Concord region
are flowering more than a week earlier today than when Thoreau made his observations.
Highbush blueberry--one of Thoreau’s favorite wild edibles--is blooming some two weeks
earlier than it did 150 years ago. Yellow wood sorrel can be found in bloom about a month
earlier. During this same period, Primack says, long-term weather data show that the
average temperature of a Concord spring has increased by approximately 4.5 degrees F.
Much of the temperature rise in the intensely developed Northeast is due to what’s known
as the urban heat island effect--parking lots, streets and buildings absorb heat while
vegetation loss lessens the release of cooling water from trees and other plants. But at
least some of it can be attributed to global warming, says Primack. And on Anderson’s
farm, many of the wild creatures that appear regularly each spring seem to be responding.
Wood ducks are arriving about a month earlier than they did 30 years ago, for example,
while ruby-throated hummingbirds show up more than 18 days sooner.
Scientists say such changes have the potential to wreak ecological havoc if interdependent
species do not shift in concert. Many birds, for example, have evolved to time their
spring migrations to take advantage of a flush of food sources. In New England, warbler
species such as the black-throated blue warbler and American redstart feed heavily on
leaf-eating caterpillars, which peak in abundance after leaf out and before leaves mature
and grow tough.
In northern Europe, biologists already have found troubling evidence that one migratory
bird, the pied flycatcher, has suffered from getting out of sync with its springtime food
source. In the past, flycatchers arrived from their West African wintering grounds just as
winter moth caterpillars were hatching. But warmer springs have pushed the caterpillar’s
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emergence date two weeks earlier--unbeknownst to flycatchers that are still 2,800
miles away. In regions where the timing of caterpillar abundance has shifted the most,
researchers have documented a 90 percent decline in flycatcher numbers. In the United
States, a similar “potential for mistimed relationships is very real,” says Primack, “but it is
understudied.”

A COLD HARD LOOK
To increase much needed data on global warming’s impact on U.S. species, some scientists
propose identifying and training a network of modern-day Thoreaus. According to Primack,
Miller-Rushing and other researchers, there is the potential for a rich interaction between
scientists and members of the general public interested in gathering observations on
natural phenomena such as plant flowering and the arrival of migratory birds. Countries
such as England, Belgium and Canada have long embraced monitoring programs that
rely, in part, on observations of nonscientists. Recently, a consortium of U.S. government
agencies and academic institutions, with funding from the National Science Foundation,
launched just such an effort, the National Phenological Network, to help researchers
collect and disseminate information about seasonal changes.
“We desperately need a wall-to-wall, coast-to-coast network of phenological observation
points--literally thousands of points on par with what is being done with meteorological
observations,” explains Julio Betancourt, a biologist with the U.S. Geological Survey’s
Desert Laboratory in Tucson, Arizona, and one of the network’s founders. Volunteer
observers are an important part of the process. The group’s Project BudBurst, begun as a
pilot program in spring 2007, will launch nationally in January 2008. Volunteers from across
the country are asked to choose from a long list of plants to watch for signs of a particular
phenophase, such as budburst, first leaf or first flower, and to report observations online.
“So much of the discussion about global climate change has centered on numbers-fractions and degrees of fractions,” says biologist Mark D. Schwartz of the University of
Wisconsin–Madison, who is helping to coordinate the network’s startup. “But when you
talk about how lilacs are blooming six days earlier than they were 30 years ago, people
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start relating to the issue. And tell them that they can involve themselves in the process
of documenting these changes, and that makes it very real.
“That’s something Kathleen Anderson understands well. “This kind of work should inspire
more people to be more observant,” she says. At the age of 84, she still keeps notebooks
handy at home, in the car and in the kitchen. “And it really doesn’t matter where you live.
If you look closely, you’ll find enough things to interest you in the little bit of land that is
around you.”
After all, as Thoreau told his friend and sometime walking companion, Ellery Channing,
in 1859, “There is nothing but the seasons.” By which he might have meant that the
seasons will tell all, to those who wish to hear.
Writer T. Edward Nickens is based in North Carolina. To find out how to participate in the
National Phenological Network, go to www.usanpn.org.
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Project BudBurst | http://budburst.org/phenology_whyphenology

Lesson 3 & 4 Article

Why is Phenology Important?
How plants react to seasonal change has a big impact on the
natural environment.
Because plants are at the base of the food chain,
anything that affects plants can impact other
parts of the ecosystem. Phenology is important
because it affects whether plants and animals
thrive or survive in their environments. It is
important because our food supply depends
on the timing of phenological events. And, to
scientists, changes in the timing of phenological
events can be used an as indicator of changing
climates.
Phenological observations have been used for Pine warbler at John Heinz National Wildlife
Refuge, Photo: USFWS
centuries by farmers to maximize crop production,
nature-lovers to anticipate optimal wildflower viewing conditions, and by almost all of us
to prepare for seasonal allergies.
From a cultural viewpoint, we time festivals and events around specific phenological
events. For example, a Cherry Blossom Festival happens during the first two weeks in April
in Washington, D.C., whether or not there are cherry blossoms. The festival traditionally
ends with a parade through blooming trees, but over the past few decades the cherry
trees have been blooming earlier and now the parade happens after the peak bloom.
The flowers bloom in response to warming temperatures, so if climate change is causing
it to be warmer earlier in the year, the flowers will bloom earlier as well.
Having a parade for cherry blossoms while the blooms are fading is bad timing, but it is
perhaps not quite as dire as some cases of bad timing that affect entire ecosystems. For
example, in most ecosystems, there are insects and plants that need each other. Hungry
insects searching for nectar from flowers inadvertently transport pollen from flower to
flower. The pollen grains hitch a ride, often by sticking to an insect’s legs. By distributing
pollen, the insects, called pollinators, are fertilizing the flowers, allowing the plant to
grow seeds and fruit.
But it takes time for insects to develop from egg to larva to adult, and the timing of their
growth can’t be sped up just because the flowers are blooming earlier. As the climate
warms, plants may become out of sync with the insects that pollinate them. If an insect is
still a larva when the flowers blossom, for example, it will not be able to fly from flower to
flower to transport pollen. Without pollination, the flowers will not be fertilized and will
not produce fruit.
1

Cotton mouse found in the southeastern
United States, Photo: Wikipedia

Mammals in the ecosystem can be affected too. For example, consider mice. Some mice
eat insects and seeds. If plants bloom too early for insects to pollinate them, then the
seeds won’t grow. And if the insects are too late to gather food from the flowers, they will
not survive either. Without seeds or insects to eat, the mice may not survive. And animals
that eat mice, like snakes and hawks, will also go hungry.

Changes in phenological events can also have a significant impact on
how we humans live our lives and interact with our environment on a
daily basis.
Changes in phenological events can also have a significant impact on how we humans
live our lives and interact with our environment on a daily basis. For example, the timing
of when plants flower and fruit can affect our food supply and therefore our health. Pollen
allergies can also be exacerbated by changes in growing conditions. People who are
allergic to plant pollen will experience reactions to the changes in flowering times and
the lengthening of the growing season.
From historical records and observations, we know that phenological events can vary
from year to year. Ecosystems can recover from variation between years, but when these
changes happen consistently over many years, the timing of events such as flowering,
leafing, insect emergence, and allergies can impact how plants, animals, and humans are
able to thrive in their environments.
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Worksheet

Name: _________________________ Hour: _________________
					

Date: _________________

Climate Change and the Future of Michigan Cherries:
- Lesson 3 KWL Worksheet K (What I Know)

W (What I Want to Know)

L (What I Learned)
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Climate Change and the Future of Michigan Cherries:
Lesson 3 KWL Worksheet Continued

K (What I Know)

W (What I Want to Know)

L (What I Learned)
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Worksheet

Name: _________________________ Hour: _________________
					

Date: _________________

Climate Change and the Future of Michigan Cherries:
- Lesson 3 Worksheet & Homework Scientific models and discussion:
1. What is a scientific model?

2. Why are scientific models useful?

3. Strengths & limitations of our model:
Strengths

Limitations

4. What other information or data could we collect to make it even more useful to us?
(Describe at least two. Hint: address the limitations described above)

5. How did your model and line of best fit change when you added data from 2012,
2013, and 2015? How might your model change in the future?

6. How is Michigan’s climate expected to change in the future? How might this impact
Michigan cherry farmers and the larger population?

1

Climate Change and the Future of Michigan Cherries:
Lesson 3 Worksheet & Homework
7. Describe two actions being taken to address the cherry tree issue.

8. What else are you left wondering about this real-world problem? What kind of other
data might you want to gather in the future to help farmers better adapt to or prepare
for these changes?

9. What can you do to contribute to climate research and climate change mitigation?
Give at least one example of each.

HOMEWORK
Homework 3 instructions: (Turn in separate document)
Explain to a cherry tree farmer (in a memo, letter, script for an in-person conversation, or
other creative form) how phenology data could be helpful to them. Discuss:
•

What the graphs tell us and how they can use phenology data to help them prepare

•

What challenges Michigan cherry farmers might face in the future and why

•

What other types of data would be helpful to the cherry farmer? (Think about what
else happened in 2012 after the flowers bloomed. Why is frost data important?)

Also discuss: How farmers can mitigate these impacts. Discuss the technologies the
radio story mentioned, as well as any other strategies you can find online. What do you
recommend to the farmer? What are the costs and benefits of each option?
Get creative! For example, you could include quotes from a farmer or pictures to explain
the events. Your article should include at least three paragraphs of clear writing.

2

TEACHER KEY

Worksheet

Climate Change and the Future of Michigan Cherries:
- Lesson 3 Worksheet & Homework Scientific models and discussion:
1. What is a scientific model?
A representation of part of the real world.
Created by combining real data from many variables to estimate processes and
systems over time.
2. Why are scientific models useful?
Student answers may vary. Students may something like, “they make a lot of data/a
complex relationship easier to visualize and understand.”
3. Strengths & limitations of our model:
Strengths

Limitations

Makes complicated dynamics easier to
understand

Extrapolations, Variability

Relatively accurate/strong power to predict

Generalizability (other species, regions)

Helps us plan or take action

Doesn’t include frost data

Student answers may vary

Student answers may vary

4. What other information or data could we collect to make it even more useful to us?
(Describe at least two. Hint: address the limitations described above)
Student answers may vary. Collecting more data (over a longer period of time, or from
more cherry trees) can help make our model more accurate. Measure the variability
(margin of error). Etc.
5. How did your model and line of best fit change when you added data from 2012,
2013, and 2015? How might your model change in the future?
The slope increased/ became slightly steeper; the y-intercept increased.
(Old equation: -1.297x+173.217 rounded to -1.3x +173.22 / New equation: -1.307x
+ 173.618 rounded to -1.31x + 173.62)
Note: Students may note that these changes are very slight, but over time adding
more data may further change the line of best fit/ predicted bloom dates.
6. How is Michigan’s climate expected to change in the future? How might this impact
Michigan cherry farmers and the larger population?
Michigan’s average temperature is expected to increase which would cause cherry
trees to bloom earlier. Student answers re. impact may vary: loss of crop due to frost
or other events, expense of mitigation, increase in price of cherries, etc.
1

Climate Change and the Future of Michigan Cherries:
Lesson 3 Worksheet & Homework

TEACHER KEY

7. Describe two actions being taken to address the cherry tree issue.
Student answers may vary. They could use the two examples from the NPR talk: the
fans used to move the warm air around the trees, and the misters.

8. What else are you left wondering about this real-world problem? What kind of other
data might you want to gather in the future to help farmers better adapt to or prepare
for these changes?

9. What can you do to contribute to climate research and climate change mitigation?
Give at least one example of each.
Student answers may vary. Do One Thing, Cherry Blossom Blitz (Project Budburst), are
examples of organizations they can help to make a positive change.

HOMEWORK
Homework 3 instructions: (Turn in separate document)
Explain to a cherry tree farmer (in a memo, letter, script for an in-person conversation, or
other creative form) how phenology data could be helpful to them. Discuss:
•

What the graphs tell us and how they can use phenology data to help them prepare

•

What challenges Michigan cherry farmers might face in the future and why

•

What other types of data would be helpful to the cherry farmer? (Think about what
else happened in 2012 after the flowers bloomed. Why is frost data important?)

Also discuss: How farmers can mitigate these impacts. Discuss the technologies the
radio story mentioned, as well as any other strategies you can find online. What do you
recommend to the farmer? What are the costs and benefits of each option?
Get creative! For example, you could include quotes from a farmer or pictures to explain
the events. Your article should include at least three paragraphs of clear writing.
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Lesson 4 - Field trip: Exploring citizen science and
making connections between phenology and ecology
Time Needed

Materials/Prep

50 minutes
1. Teacher Slides (slide 58)
2. Identify a site on school grounds to make observations
3. Print enough copies of articles (from Lesson 3) to hand out to groups-each group will get one copy of their assigned article
4. Print Article summary worksheets (1 per group)
5. Print Observation worksheets
6. Print Phenological report worksheets
7. Gather enough clipboards and writing utensils for all student groups
8. Create students groups of 4-6 with others who read the same article for
homework
9. Optional: Create account with Project Budburst (instructions here)
10. Optional: App or field guide for plant ID

Student Learning
Outcomes

Students will be able to:
1. Describe citizen science and its importance.
2. Name and identify basic phenological stages of plants.
3. Evaluate ways in which climate change and subsequent phenological
shifts could affect other species in an ecosystem.

Additional
Resources

•
•

Project Budburst
Deciduous and Evergreen Report Forms: http://budburst.org/
reportforms

Next Generation Science Standards

HS-LS2-6. Evaluate the claims, evidence, and reasoning that the complex interactions in ecosystems
maintain relatively consistent numbers and types of organisms in stable conditions, but changing
conditions may result in a new ecosystem.
HS-LS4-5. Evaluate the evidence supporting claims that changes in environmental conditions may
result in: (1) increases in the number of individuals of some species, (2) the emergence of new species
over time, and (3) the extinction of other species.
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*Expanded preparation:
To do before this lesson

oo Butterfly Milkweed (Asclepias tuberosa)
oo
oo
oo
oo

Register for Project Budburst (Optional)
•

•

We recommend that you spend some
time on Project Budburst to get a general
sense of familiarity with it. The site is very
easy to use and has ample resources
to look at if you have questions about
phenology, phenological stages, or
would like to know more about Project
Budburst’s mission and what the data is
used for.

•

More species can be found on http://
budburst.org/plantresources_list_bystate
and then clicking on “Michigan.”

•

Whatever the species selected, you
should feel comfortable identifying them
or providing students with resources for
identifying them. Quality field guides or
apps such as LeafSnap (available for free
download) are excellent for this.

If you would like to log your students’
observations into Project BudBurst (in
order to help track long-term phenology
data), you will need to register for an
account.

oo Examples of Michigan tree/plant Field
Guides

oo The process for this is described
in the “Registration for Secondary
Teachers” PDF. This document also
walks through how to set up student
accounts under the teacher account
and other information.

§§ Trees of Michigan Field Guide
(Tree Identification Guides) by Stan
Tekiela
§§ A Field Guide to Eastern Trees:
Eastern United States and Canada,
Including the Midwest (Peterson
Field Guides) by George A.
Petrides and Roger Tory Peterson

Site Selection
•

•

Select a site within walking distance of
the school. The site should contain some
type of vegetation; Project Budburst
has reports available for wildflowers,
deciduous trees, coniferous trees,
grasses, and evergreen trees and shrubs
so there is a lot of flexibility in this.

§§ National Audubon Society Field
Guide to North American Trees:
Eastern Region
§§ Michigan Trees & Wildflowers: A
Folding Pocket Guide to Familiar
Species (A Pocket Naturalist
Guide) by James Kavanagh

Another important consideration is
safety; those in heavily wooded areas,
near a river or large body of water, or
close to traffic may not be ideal.

Other
•

Before this lesson, please alert students
that they will be going outside on the
specified day and that they should dress
accordingly.

•

You will need to print enough
observation worksheets and reports for
students and collect clipboards or other
hard surfaces for writing.

Species Selection
•

Chokecherry (Prunus virginiana)
Eastern white pine (Pinus strobus)
White oak (Quercus alba)
Common dandelion (Taraxacum
officinale)

We have a list of recommended species
to use based on ease of identification,
ecological importance, and/or ubiquity
throughout Michigan:
oo Red maple (Acer rubrum)
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How does phenology affect species
and ecosystems?: Homework recap
and discussion

a. (see next step/slide), go outside to
make our observations, record the
site information and observations in
the proper place in the single report
sheet, and enter our observations into
the database.

1. Split students into groups of 4-6
based on the article that they read
for homework. Pass out one article
summary worksheet per group. (1st
slide)

3. Click-- Go over phenological stages
a. The phenological stages we’ll record
are a bit different for the types of
plants that you choose to observe.
In addition, there are three things
we’ll look for: the part of the plant,
what it is doing, and the proportion
of the plant parts doing this. The
parts of the plant we’ll look for are
leaves, flowers, and fruit. Leaves
can be unfolding, changing color, or
dropping; flowers can be blooming;
and fruit can be apparent. Either a
few, about half, or about all of the
leaves, flowers, or fruit will be in this
stage.

a. After worksheet is completed, have
each group present their summary
and diagram to the whole class. The
articles build off of each other, so
we recommend having the “Why is
phenology important?” group(s) go
first, followed by “Climate change
will leave Edith’s checkerspot butterfly
out of sync,” and “Walden warming”
last. This last article will lead into our
discussion of Citizen Science.

Introduction to Citizen Science and
Project Budburst

4. Familiarize
students
with
the
observation and single report sheet
(Slide)

1. Click-- Review Citizen Science and
Project Budburst

a. Pass out the observation and
single report sheets. Walk through
observation sheet and have students
fill in site details on their observation
sheets (latitude, longitude, etc.)

a. Review: citizen science is like crowdsourcing for scientific data—it is
scientific research or data collection
done by anyone, not just scientists.
b. Project Budburst is a citizen
science project organized by the
Chicago Botanical Gardens. The
project
encourages
citizens
to
collect phenological data on plants
throughout the United States. These
data are available to anyone and used
by researchers and educators across
the world!

5. Go over rules for going outside and
get ready to leave the classroom

Field Trip!

1. Bring students to the selected site.
Show students different species they
can observe or have them identify
their own using a guide.

2. Click-- Go over how to make
observations

2. Have students work individually, in
pairs, or in small groups to make
observations of their plant. The
following questions can be facilitated
between you and these smaller groups
individually or with the whole class.

a. Briefly overview what we’ll need
to know before, during, and after
observations. We’ll need to go over
the phenological stages we may see
32

a. Do you see any other plants around
or on their chosen plant? (Vines,
understory plants, etc.)

3. Participate in Project BudBurst’s Cherry
Blitz campaign.
a. Cherry trees can be wild trees (black
cherry, chokecherry) found on school
grounds; or Japanese varieties of
cherry trees or agricultural trees
(sweet and tart) if you are able to visit
an orchard.

b. Any animals or evidence of animals?
(Ants, birds’ nests, etc.)
c. After
observing
any
possible
interactions, ask students to make
their phenological observation. (Use
the observation worksheet to guide
students’ thinking.)

4. If you are interested in visiting a larger
wooded area, Wheels2Woods is a grant
program available to teachers.

i. Would the timing of when the
leaves, flowers, etc. bloom have
any effects on the interactions that
you observed?

Back Inside: Debrief and evaluations

1. Last slide-- As a whole class, ask
students to share their observations,
hypotheses
about
interactions
between their plant and other species,
and what they think might happen if
their plant’s phenology changed.

2. Ask students what they think of
Citizen Science and if/why they think it
is important.

a. If this is something they seem to
be interested in and you have time
during the rest of the semester, you
can ask if they’d like to make reports
on the same plants throughout the
semester. See the “Extensions”
section for more information.
3. Administer Student Questionnaire

Extensions (Optional)
1. Have students continue to make
observations on the same plants weekly,
biweekly, etc. throughout the semester.
2. Keep the data gathered for use in
subsequent years. Eventually students
may be able to use it to make their own
graphs.
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Worksheet

Name: _________________________ Hour: _________________
					

Date: _________________

Climate Change and the Future of Michigan Cherries:
- Lesson 4 Article Summary Worksheet -

Write a short summary of the article your group read:

Draw a diagram of a phenological relationship that you read about:

1

Worksheet

Name: _________________________ Hour: _________________
					

Date: _________________

Climate Change and the Future of Michigan Cherries:
- Lesson 4 Observation Worksheet -

Choose a plant to observe. What is the species? What parts of the plant do you see? Do you
know what other parts of the plant will form throughout the year? If so, what are they?

Do you see any other species on this plant
(insects, moss, birds, vines, etc.)?

Keeping the examples we talked about in
mind, think about some ways this plant is used
by other species. How could it be used? Who
or what could use it or be dependent upon it?

How could changes in this plant’s phenology
affect those species you listed above?
Use this space or the back of this sheet to sketch out
parts of the plant or any interactions that you see.

Take a look at the space surrounding your chosen plant. Would changes in your plant’s
phenology affect the ecosystem? How could phenological shifts in multiple plant species
affect the ecosystem?
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