
UNIT STORYLINE
How do changes in Earth’s system impact our communities and what can we do about it? HANDS-ON/

LAB ACTIVITIES

How students will engage with each of the phenomena

VIDEOS
OR IMAGES DATA SETS READINGS COMPUTER

INTERACTIVES

Lesson Question Phenomena or Design Problem What we do and figure out How we represent it

LESSON 1
3 days

Why are floods and droughts
happening more often?
Anchoring Phenomenon

Floods and droughts are increasing across the
US and there is a pattern of record heat and
rising temperatures associated with both.

We observe two news clips of extreme flood and
drought events and share our own water stories. We
examine headlines that show a “new normal” of
increased floods and droughts and notice a pattern of
rising temperatures. We develop an initial model
explaining what could be causing warmer
temperatures and how warmer temperatures could
lead to both droughts and floods. We develop a
Driving Question Board (DQB) and brainstorm
investigations and sources of data that could help us
figure out answers to our questions. We figure out:

Floods and droughts are increasing.
Floods and droughts are linked to a change
in precipitation.
Heat waves and warmer temperatures are
linked to the increase in floods and
droughts.

⇓ Navigation to Next Lesson: We figured out that increased temperatures seem to be linked to increases in floods and droughts, but we have a lot of questions about what is causing this and where all of the
water is coming from or going to. We want to look at more places than just the two places in the videos to help figure out what is happening.

LESSON 2
3 days

What would we normally
expect for these places and
how do we know it’s really
changing?
Investigation

  Long-term measurements and frequency of
events show that changes in temperature and
precipitation are not normal for these places.

We develop a systems model to describe Earth’s
water system. We analyze data to determine what is
normal and not normal about temperature and
precipitation as it relates to floods and droughts. We
do this with our community and six case sites in the
US. We figure out:

Year-to-year variability in precipitation and
temperature is normal. Over long periods of
time, data is averaged to determine the normal
range for temperature and precipitation.
Unusual precipitation for a place would be a
trend toward unusually high or low amounts that
vary from an expected average.
Precipitation or heavy storms are increasing
where there are more floods.
Precipitation, groundwater, and snowpack are
decreasing where there are more droughts.
Temperatures are increasing for all of the places.

⇓ Navigation to Next Lesson: We are wondering if the rise in temperature is related to some places being drier and some places being wetter.



Lesson Question Phenomena or Design Problem What we do and figure out How we represent it

LESSON 3
2 days

How would increased
temperatures affect
evaporation?
Investigation

Increased warming of Earth’s surface, as seen
in our evaporation lab, leads to increased
evaporation rates. This increases the water
vapor in the air.

Students create bottle setups to see how increased
temperatures affect evaporation rates. Students
determine that increased temperatures can increase
the evaporation rate, leading to an increase in water
vapor in the atmosphere. We view visualizations of
water vapor and ocean temperatures in an open
system. We figure out:

Increased temperatures can lead to
increases in atmospheric water vapor.
Areas that are more moist experience a
higher evaporation rate than drier areas.
Wind moves the atmospheric water vapor,
and more or less precipitation may fall in
some places causing flooding or droughts.
Cooler bodies of water reduce the amount
of water vapor getting to the West Coast,
and geological features, such as mountains,
prevent some precipitation from reaching
drier areas.

⇓ Navigation to Next Lesson: We discover that increased temperatures lead to an increase in evaporation and water vapor, but our data were collected in a closed setup, so we observed water vapor and
temperature visualizations. We realize winds may be moving this increased water vapor to other areas, causing more flooding or worse droughts. We are still wondering how this might be affecting other areas of
Earth’s water system.

LESSON 4
1 day

Are rising temperatures
affecting anything else in
Earth’s water system?
Investigation

  

Snow, ice, glaciers, and groundwater are
decreasing in many areas, while sea level is
rising. Earth’s water system is changing.

We obtain additional scientific and technical
information about other components of Earth’s water
system and how those components are changing as
temperatures increase. We conclude that all
components and processes in the system have been
affected by a temperature rise. We update our model
and add an entry to our Progress Tracker. We figure
out:

Changes to sources of water affect communities
in different ways.
A small change in temperature in the
atmosphere can have big changes in Earth’s
water system.

⇓ Navigation to Next Lesson: We figure out that a small increase in temperature is having big impacts on all parts of the water system creating different problems for communities. We think we can explain how
rising temperatures have led to droughts and floods in our communities.



Lesson Question Phenomena or Design Problem What we do and figure out How we represent it

LESSON 5
3 days

How are rising temperatures
changing water stories in
these communities?
Putting Pieces Together,
Problematizing

  
Changes in community water sources can be
explained through data and evidence.

We use our key model ideas from previous lessons to
construct explanations, using evidence, about how
changes in temperature are having impacts on the
water stories in our case site communities. We peer
review our explanations and revise them using the
feedback from our peers. We then learn about
another community in Alaska and apply our key
model ideas to explain what is happening in that
community as well. We figure out:

Small changes in one part of Earth’s system
can have big impacts on another part.
An increase in temperatures can be used to
explain the cause for multiple climate-
related phenomena.

⇓ Navigation to Next Lesson: We figured out that the case sites’ changing precipitation patterns can be explained by an increase in temperatures, and the Alaskan claims are also caused by rising temperatures.
We also believe that the temperatures may continue to rise in the future. After visiting the class model and the Driving Question Board, we realized we still have questions about why the temperatures are
increasing, and what is causing that increase.

LESSON 6
1 day

Are there any changes in the
air that could be related to
rising temperatures?
Investigation

The concentration of some atmospheric gases
have stayed relatively stable over time, while
other gases have increased at an unusual
rate.

We wonder if changes in the air are related to the rise
in temperatures. By looking at data, we build our
understanding of the meaning of parts per million
and figure out how to find the percent change in the
quantity of these gases over time. We notice that,
while some gases have not changed at all, some have
changed very little, while other gases show an
unusual increase over the 100-year period. We figure
out:

The atmosphere is made from different
concentrations of gases.
Some gases have not really changed over
time, but some show an unusual increase.
Carbon dioxide and methane are a small
percent of the atmosphere but are
increasing at a high rate.

⇓ Navigation to Next Lesson: We figure out that carbon dioxide and methane, which make up a small percent of the atmosphere, are increasing at a high rate. Based on these new findings, we wonder if the
gases that are rising are related to or causing the temperatures going up.



Lesson Question Phenomena or Design Problem What we do and figure out How we represent it

LESSON 7
2 days

Are changes in carbon dioxide
and methane related to or
causing temperatures to
increase?
Investigation

  

Greenhouse gases absorb and release heat in
the atmosphere regulating Earth’s
temperature.

We use molecular models to investigate the way
molecules move in response to heat transfer. We
investigate this idea further using an interactive
showing how molecules move when heat is
absorbed. Using these ideas and the ideas from a
reading, we figure out that because greenhouse gases
absorb, vibrate, and release heat, and they keep our
atmosphere warm. We apply these ideas to what we
learned about GHGs increasing in our atmosphere to
figure out that increasing GHGs are why temperatures
are currently increasing. We figure out:

GHGs are gas molecules in the atmosphere that
absorb, vibrate, and release heat back into the
atmosphere. This keeps Earth at a livable
temperature.
As the amount of GHGs increases in our
atmosphere, they cause the atmosphere to get
warmer.

⇓ Navigation to Next Lesson: We figure out that increasing GHGs are causing the temperatures to rise, and we wonder if this rise in GHGs is normal.

LESSON 8
1 day

Are the changes in the
amount of CO2 in the
atmosphere part of normal
cycles that Earth goes
through?
Investigation

  Ice core samples contain trapped bubbles of
gases.

We carry out an investigation to determine if gas can
be trapped in ice. When we figure out it can, we find
out more about how scientists use ice core samples
from locations on Earth that have very old ice to
determine the amounts of carbon dioxide in the air
over time. We focus on carbon dioxide because we
know that it has been rising the most recently. We
figure out:

Levels of CO  are increasing at a faster rate
than the normal cycles, which means the
new levels are out of the normal range.
CO  levels over the last 100 years have
been rising consistently.
We look back at data from hundreds of
thousands of years through analyzing ice
core data and find there are cycles, but the
last 100 years are not following the normal
cycle.

⇓ Navigation to Next Lesson: We figured out that CO2 levels are increasing at a faster rate than normal cycles. Now we want to know what is different today than in the past that is causing more CO2 to be in the
air?

2

2



Lesson Question Phenomena or Design Problem What we do and figure out How we represent it

LESSON 9
1 day

What is happening in the
world to cause the sharp rise
in carbon dioxide?
Investigation

 
Data shows a rapid increase in fossil fuel use,
CO2 emissions, and human population in the
last two centuries.

We zoom into the last 200 years of Earth’s history to
understand what led to a rapid increase in CO
emissions. We watch a visualization and read about
key innovations in human history that transformed
the types of energy used to power our communities.
We figure out:

Large deposits of mineral resources (such as
“fossil fuels”) are used to power our communities
and transportation networks, and this use has
increased over time.
Population growth increases consumption of
resources (per-capita consumption).
A growing population that consumes large
amounts of mineral resources is correlated with
the rapid increases in CO  in Earth’s atmosphere.

⇓ Navigation to Next Lesson: We are wondering what fossil fuels, which provide us with energy, are made of?

LESSON 10
2 days

How could burning fossil
fuels cause more CO2 to get
into the atmosphere?
Investigation

Burning fossil fuels adds CO2 to the
atmosphere at a faster rate than is taken out
by photosynthesis.

We wonder what is in fossil fuels that gives us energy.
We burn fuel samples and observe that CO  and
water vapor are produced. We then model Earth’s
carbon system and trace carbon atoms, once stored
in fuels, as they burn and enter the atmosphere. We
compare the rate of photosynthesis taking in CO to
the rate of CO  given off from burning fossil fuels. We
figure out:

Carbon dioxide and water vapor
(greenhouse gases) are products of the
combustion of fossil fuels.
Carbon stored underground moves to the
atmosphere because of the combustion of
fossil fuels.
Photosynthesis is the only way to get
carbon dioxide out of the atmosphere. The
rate of photosynthesis is not enough to take
up carbon dioxide from combustion of
fossil fuels.
Combustion of fossil fuels is creating a
carbon imbalance in the atmosphere.

⇓ Navigation to Next Lesson: We figured out that carbon dioxide is a product from burning fossil fuels. We think we can explain what is causing the rise in atmospheric temperatures and how that is causing a
change to water resources in different communities.
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Lesson Question Phenomena or Design Problem What we do and figure out How we represent it

LESSON 11
2 days

How are changes to Earth’s
carbon system impacting
Earth’s water system?
Putting Pieces Together

Some social media posts need additional
clarification to reflect accurate science ideas.

We model the causal relationship between fossil fuel
use and changing water resources. We review a tweet
regarding climate change and its impacts, break the
tweet down into claims, and clarify the information
as a class. We take an assessment identifying claims
made in another tweet and refute any inaccurate
claims by providing an explanation of the causal
relationships between human activities and climate
change. We figure out:

Changes in the carbon system have an
effect on Earth’s water system.
We can use our scientific understanding to
clarify claims about the connection
between the carbon system and Earth’s
water system.

⇓ Navigation to Next Lesson: While we now understand the connection between the changing carbon system and our changing water system, we still have questions about what we can do to help fix the
problem of our changing climate.

LESSON 12
2 days

Why is solving the climate
change problem so
challenging?
Problematizing

  

As carbon dioxide emissions increase, so do
global temperatures. To reach equilibrium,
emissions need to be cut by 9 gigatons per
year.

We determine that the problem of increasing
temperatures is due to the carbon dioxide imbalance
in the atmosphere caused by human combustion. We
use a simulation to determine what cuts are needed
to emissions rates to reach equilibrium. We discuss
possible solutions to the problem and define our
criteria for a successful device for reducing the
amount of carbon dioxide in the atmosphere. We
begin to look at solutions to determine how well they
meet the criteria. We figure out:

Our carbon imbalance in our atmosphere is
due to human combustion.
We release an estimated 10.5 gigatons of
carbon dioxide from human combustion.
Simply cutting emissions in half will not
halve temperature increases.
To reach carbon dioxide emissions
equilibrium, emissions would need to be cut
by 9 gigatons.
Any reduction in emissions helps to slow
the global temperature increase.
Emission reduction ideas have economic
and social consequences.

⇓ Navigation to Next Lesson: We learned about some solutions to determine how well they meet the criteria, but still need to come to consensus about which solutions work best for our problem.



Lesson Question Phenomena or Design Problem What we do and figure out How we represent it

LESSON 13
2 days

Which solution(s) could be
possible to solve the
problem?
Investigation

Different solutions have differing effects
towards the reduction of carbon dioxide in the
air. Implementing multiple solutions can
compound the reduction in carbon dioxide
emissions.

We use a Design Matrix to organize the different
solutions for reducing carbon dioxide in the
atmosphere that we evaluated last class. From our
evaluations we determine our constraints for the
solutions in trying to meet the criteria of reducing the
imbalance of carbon in the air. We reevaluate each
solution using our constraints and decide that
multiple solutions would need to be implemented to
meet our criteria. We figure out:

There are many different solutions that can
be implemented to reduce the amount of
carbon dioxide being emitted into the
atmosphere.
There are some solutions that help take
carbon dioxide out of the atmosphere,
though there are very few of these.
Implementing only one solution will not
lead to a decrease of carbon dioxide in the
air. Multiple solutions need to be done
together in order for any reduction to occur
to help decrease the imbalance of carbon
dioxide in the air.

⇓ Navigation to Next Lesson: We figure out some likely solutions that are accessible for many people. Before we decide which solutions we can do, we want to figure out how our daily actions impact the carbon
dioxide levels in the atmosphere.

LESSON 14
1 day

How can we make changes to
our daily lives to reduce
carbon dioxide going into the
atmosphere?
Investigation

 

Everyday actions and behaviors emit carbon
dioxide, and changes to those behaviors can
reduce carbon dioxide emissions.

We calculate our carbon footprint based on daily
habits with home energy use, food, transportation,
and waste. We share our carbon impact on the class’s
Carbon Scoreboard. We calculate the average carbon
footprint for someone in our class and compare to
the average American’s footprint. We revisit our
footprint and do a “lifestyle makeover” to select 2-4
changes we are willing to make that would reduce our
carbon and would benefit our family in other ways.
We compound the effects of these changes if
everyone in our classroom, school, and community
committed to some lifestyle changes that made
sense for them. We figure out:

Changes to daily activities and behaviors
can reduce carbon dioxide entering the
atmosphere.
If more people do these things, we can get
more reduction in carbon dioxide.
Changes to behaviors are limited by other
constraints, so each person may have
different options available to them.

⇓ Navigation to Next Lesson: We figure out that there are changes we can make to our daily lives that will reduce carbon dioxide entering the atmosphere. If we get more people to do those things, it will have a
greater impact. We are wondering what the best solution(s) is for our community to do that will have an impact.
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LESSON 15
3 days

What solutions work best for
our school or community?
Investigation

 

Schools, communities, and businesses adopt
new behaviors or technologies to change
carbon emissions.

We have figured out that the problem will require
large-scale solutions combined with individual action.
We choose one solution matched to the stakeholders
in our community or school, and we design a
communication plan to inform our stakeholders of
this new behavior or technology. We present our
plans to our peers and/or stakeholders and receive
feedback on our approach. We figure out:

Communities can use technologies and
develop behaviors to reduce consumption and
rebalance negative impacts of too much CO
emissions.
Some technologies and activities are more
feasible for communities or individuals to
implement, while others are more challenging.

⇓ Navigation to Next Lesson: We figured out that a good first step in changing CO2 emissions is targeting solutions for stakeholders and crafting key messages. We are now ready to look back at our DQB and
celebrate what we have accomplished.

LESSON 16
1 day

What can we explain now,
and what questions do we
still have?
Putting Pieces Together

   

Asking questions about phenomena gives us a
mission for our science learning.

We identify the questions from our DQB that we can
now answer. We celebrate all that we have learned in
this unit and across the school year. We spend time
identifying the questions that we did not answer and
build a new DQB of these questions. We create a
plan to answer some of them on our own and in
school next year and beyond. We figure out:

Science learning is about asking questions
and gathering evidence to answer those
questions.
As some questions get answered, new
questions come up.

⇓ Navigation to Next Lesson: This is the last lesson in the unit.

LESSONS  1-16
30 days total
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