
LESSON 3: How would increased temperatures affect evaporation?
PREVIOUS LESSON We developed a systems model to describe where Earth’s freshwater is stored above, at, and below the surface. We analyzed and interpreted temperature,

precipitation, and drought or flood data in our local community and six other places in the US figured out that water in these communities is changing over time,
and all case sites showed rising temperatures.

THIS LESSON

INVESTIGATION

2 days

We create closed bottle setups to see how increased temperatures affect evaporation rates. We determine that
increased temperatures can increase the evaporation rate, leading to an increase in water vapor in the
atmosphere. We wonder how the water vapor would behave in an open system and observe NASA water vapor
and temperature visualizations to determine that temperatures affect the amount, location, frequency, type,
and timing of precipitation events.

NEXT LESSON We will obtain additional scientific and technical information about other components of Earth’s water system and how those components are changing as
temperatures increase. We will figure out that all components and processes in the system have been affected. We will update our model and look ahead to
explaining how rising temperatures can cause floods and droughts.

BUILDING TOWARD NGSS

MS-ESS3-1, MS-ESS3-3, MS-ESS3-
4, MS-ESS3-5, MS-ETS1-2

WHAT STUDENTS WILL DO

3.A Analyze evaporation investigation data for patterns to provide evidence that increased temperatures can cause an increase in the rate of water
vapor in the atmosphere through an increase in evaporation.

WHAT STUDENTS WILL FIGURE OUT

Increased temperatures can lead to an increase in evaporation rates, which increases the water vapor in the air.
Evaporation happened in all cases, but more moist conditions had higher evaporation rates than drier conditions.
The larger amounts of water vapor in the air are moved to different locations by the wind, and more or less precipitation may fall in some
places than normal causing flooding or droughts.
Areas that are dry may be getting drier due to the movement of water vapor away from the location.
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.



Lesson 3 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 10 min REFLECT ON PAST EVAPORATION EXPERIENCES
Reflect on past lab experiences with humidity and temperature.

A

2 15 min COLLABORATIVELY PLAN THE EVAPORATION LAB
Use a modified version of the Sources of Water in the Air lab from the Storms Unit to
plan an investigation to determine how temperature can affect evaporation rates over
time.

B-D Temperature and Evaporation Investigation Planning, whiteboard or
chart paper

3 10 min BUILD DATA TABLE AND CONDUCT LAB
Create a data table in notebooks and conduct the bottle setup evaporation lab.

E-G Group Humidity and Temperature Lab, Group Humidity and
Temperature Lab

4 10 min AVERAGE BOTTLE SETUP DATA
Average trial data to compare the temperature and humidity of different bottle
conditions. Determine that the bottles with increased temperatures had higher
evaporation rates.

Group Humidity and Temperature Lab, 2 sticky notes, Evaporation Data
chart

End of day 1

5 8 min COMPARE BOTTLE SETUP DATA
Look for patterns in evaporation in heated versus unheated bottles.

H-I Evaporation Data chart

6 5 min CONSIDER THE CHANGES IN WATER VAPOR FOR OPEN AND CLOSED SYSTEMS
Consider how the bottles represented closed systems, which is different from our
atmosphere in the real world, and the implications that has on water vapor.

J

7 18 min TRACING WATER VAPOR VISUALIZATION AND DISCUSSION
Have students make observations from simulated water vapor and temperature data
tracing its origins and pathway across the United States. Facilitate a Building
Understandings Discussion.

K-N computer and projector, NASA Water Vapor visualization, NASA
Water Temperature and Vapor visualization, whiteboard or chart
paper, dry erase or chart markers

8 7 min UPDATE CONSENSUS MODEL
Look back at the Earth’s Water System model from Lesson 2 and add in the effects of
increased temperatures on water vapor and precipitation.

O Earth’s Water System model, markers

9 7 min NAVIGATION
Identify other potential effects of increased temperatures on other sources of water for
the case site locations.

P-Q

End of day 2



Lesson 3 • Materials List
per student per group per class

Group Humidity and Temperature
Lab materials

science notebook 2-L soda bottle with bottom cut off (with cap on)
humidity probe
sticky hoop-and-lock fastener material
4-in. clay dish
2 hand warmers (for warming groups only)
2 beakers with at least 100 mL capacity
(dependent upon group)
4 sticky notes

Evaporation Data chart
soil
wet soil
water

Lesson materials Temperature and Evaporation
Investigation Planning
Group Humidity and Temperature Lab
science notebook

2 sticky notes whiteboard or chart paper
Evaporation Data chart
computer and projector
NASA Water Vapor visualization
NASA Water Temperature and Vapor
visualization
dry erase or chart markers
Earth’s Water System model
markers

Materials preparation (45 minutes)
Review teacher guide, slides, and teacher references or keys (if applicable).

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Construct a data table for the evaporation investigation.

Place 2 pieces of chart paper next to each other.
Create the following rows and columns.

Label the first column header “Pan Setup.”
Under the column header, construct the following rows:

Water T1
Water T2
Wet soil T1
Wet soil T2
Dry soil T1
Dry soil T2
Heated water T1
Heated water T2
Heated wet soil T1
Heated wet soil T2
Heated dry soil T1
Heated dry soil T2

Create the following columns:



Starting temperature in degrees Fahrenheit
Starting humidity
Ending temperature in degrees Fahrenheit
Ending humidity
Average temperature difference
Average humidity difference

Prior to day 2, prepare a set of sticky notes with up arrows, down arrows, equal signs, and questions marks. Have
these posted near the Earth’s Water System model. Students will use these sticky notes as they make
predictions with the model.

Download and/or prepared to project the NASA Water Vapor visualization from www.teachersopensciedfieldtes
t.org/droughtsfloods and the NASA Water Temperature and Vapor visualization from www.teachersopensciedfiel
dtest.org/droughtsfloods .

Day 1: Group Humidity and Temperature Lab Lab
Group size: There are 12 conditions, so divide students into 12 groups. Each group will be responsible
for 1 setup. One other group will have the same condition, so there will be 2 trials for each setup.
Setup:

Watch Lesson 3 Bottle Setup Instructions from www.teachersopensciedfieldtest.org/droughtsfl
oods to see how to prepare the bottles for the investigation.
Prepare an empty 2-L soda bottle (with cap on) (1 per group) by cutting off the bottom. Use
a hacksaw to start the cut and then cut around the bottle with scissors.
Attach a humidity probe to each bottle’s inside surface using sticky hoop-and-lock fastener
material to allow the probe’s removal at the end of each class.
Gather 4-in. clay pans for holding the earth materials below the soda bottle.
Gather soil for the investigation.
Use half of the soil above to create wet soil in a separate container. The other half should remain dry.
Gather 12 beakers with a minimum of 100 mL capacity.
Gather 12 hand warmers for the heated conditions.
Verify that students have access to water.
If students are experiencing remote learning, or there is an issue with establishing a setup or environment for this lab, the videos are all located at www.teachersopensciedfie
ldtest.org/droughtsfloods and can be used to collect data. They are also on the student field test website.
If the lab tables are made of stone or another poor insulator, this could potentially affect student lab results. Test out one setup before class to determine if this will affect
the temperature readings. If during the testing period the temperatures decrease, a towel may need to be put under the pans during the lab.

Notes for during the lab: The hand warmers have a useful life of up to 10 hours, so the hand warmers can be reused for each class. If the hand warmers seem to be getting cooler, try
to shake them and expose the inner materials to more air to spur the exothermic process.
Notes for after the lab: Air the bottles out and lightly shake them to remove any accumulated water before using in the next class.
Safety: Use caution in cutting the bottles. For safety, start the cut with a hacksaw and then use scissors.
Disposal: Soil can be discarded and the wet soil can be dried and reused. All other materials can be dried and reused.
Storage: All solid materials are reusable. Remove humidity sensors from the bottles and store in a room temperature location. Dry out soil, bottle tops, and clay saucers for reuse.

file:///tmp/www.teachersopensciedfieldtest.org/droughtsfloods
file:///tmp/www.teachersopensciedfieldtest.org/droughtsfloods
file:///tmp/www.teachersopensciedfieldtest.org/droughtsfloods
file:///tmp/www.teachersopensciedfieldtest.org/droughtsfloods


Lesson 3 • Where We Are Going and NOT Going
Where We Are Going

In the previous lesson, students identified temperatures increasing in all case study locations. Students concluded that this change likely was affecting precipitation and wondered if it was also
affecting evaporation. In this lesson, students investigate this connection between increased temperatures and evaporation rates by looking back at past lab experiences, including from
OpenSciEd Unit 6.3: Why does a lot of hail, rain, or snow fall at some times and not others? (Storms Unit), and altering the lab to collect the needed data for temperature and evaporation and to
match the environment of our case study locations. Students conduct a lab and determine that the increase in kinetic energy spurred by rising temperatures is causing an increase in the rate of
evaporation, which in turn increases the amount of water vapor in the air. Students consider the effects of their bottle setup investigation, and wonder how the results would be different in an
open system like Earth’s atmosphere. They make noticings and wonderings from a NASA data set that is simulated to depict water vapor over the continental United States. Students conclude
that changes to evaporation rates, along with air circulation via winds, result in some places getting more water vapor and potential precipitation, while other locations are receiving less water
vapor, though evaporation is still happening in those places. At the end of the lesson, students make predictions about how the change in temperature is affecting other components of Earth’s
water system, which will be explored in the next lesson.

This lesson reinforces previously built ESS2.C DCIs, applying them in a new context by focusing on how temperature change affects water system processes and that water continually cycles
among land, ocean, and atmosphere via evaporation and precipitation (6th grade in the Storms Unit). Building this understanding in this new context pushes students to realize that Earth’s
water system is not a completely stable, non-changing cycle. Rather, it is a dynamic system and is influenced by changes in other systems, such as the change in air temperatures.

Because of the focus of this unit, if students have not previously experienced the OpenSciEd Unit 6.3: Why does a lot of hail, rain, or snow fall at some times and not others? (Storms Unit), it may be
beneficial to develop an understanding of the concepts of relative humidity and the water content of air by reading What Is Air? from Lesson 6 of the Storms Unit. The lab in this current lesson
is established by reflecting on the Lesson 7 lab from Storms Unit. It may also be helpful to understand the relationship between humidity and evaporation rates of different environments by
teaching Lesson 7 of the Storms Unit before this lesson.

Where We Are NOT Going

In Lesson 2, students considered an increase in energy to the system and determined that energy may be affecting both evaporation and precipitation. Students will spend some time in this
lesson looking at water vapor visualizations to determine what might be happening with water vapor and where it might turn into precipitation. While students may discuss precipitation and
where it might be traveling in this lesson, the concepts of wind patterns and atmospheric rivers will not be established in this lesson, as it was a part of the Storms Unit. Current climate change
research also suggests that these wind patterns and global circulation systems are shifting as temperatures rise. The idea of shifting circulation, storm tracks, and wind patterns is not addressed
in this lesson.

Students will be working with measurements of relative humidity. While this is a measure of the percentage of humidity levels relative to the maximum humidity at a given temperature, this
does not show the actual amount of water vapor present in the air when comparing air as temperatures increase. While data could be presented in graphical form showing that the water vapor
is indeed increasing in the atmosphere as temperatures increase, presenting this data at this time would negate the need for “figuring out” that warmer air allows for greater water vapor
content. By looking at relative humidity, students have a clearer view of the impact of increased temperatures on evaporation rate.



10 min

LEARNING PLAN for LESSON 3
1 · REFLECT ON PAST EVAPORATION EXPERIENCES
MATERIALS: None

Brainstorm the link between temperature and evaporation. Say, Last class we updated one side of our model to show the precipitation changes
that were occurring in different locations—some places were getting more, some less, or the frequency (or timing) was just different from normal. We
looked at our model and determined that something also had to be occurring to the evaporation, too. We thought the increased temperature might
be affecting the evaporation, which could be affecting precipitation.

Project slide A. Say, We used the term “evaporation” for the process of liquid water turning into water vapor. We’ve learned in the past that warmer
temperatures mean the particles have more energy. So using those ideas about energy, how could evaporation possibly be related to increased
temperatures?

Give students 1-2 minutes to turn and talk about the questions on the slide.
What causes evaporation (at the particle level)?
How would the evaporation of water be related to increased temperature?

Facilitate a brief whole-group sharing of their ideas. Elicit the following key ideas from students:
The energy makes the water particles turn from a liquid to a gas and evaporate.
The warmer air particles can transfer energy to the cooler water particles.

Say, It sounds like we think that an increase in air temperatures means there is more energy. This energy can transfer to the water and cause it to
evaporate. Have you had any past experiences exploring other phenomena where you have looked at temperature and evaporation data that we can
reuse today?

Allow students to respond with previous lab ideas. Students may suggest:
Labs where they heated up water to watch it evaporate.
Labs where they observed evaporated water condensing on a surface.
Labs where they measured humidity inside a closed system.
Simulations where they tested changes in temperature and humidity.

Say, It sounds like you’ve done a few experiments to see where the water came from in the air. Since we are looking at potential changes in water and
temperature, reusing some past lab ideas around water and temperature might be helpful. Let’s look back at a past lab setup around temperature
and water and see if we can repurpose the lab to help us answer our question, How would increased temperatures affect evaporation?

ADDITIONAL
GUIDANCE

The bottle setup on slide B is similar to the setup from a previous lesson in the 6th grade OpenSciEd scope and
sequence. In Lesson 7 of OpenSciEd Unit 6.3: Why does a lot of hail, rain, or snow fall at some times and not others?
(Storms Unit), students investigated where water in the air comes from. Students used 2-L bottle setups to
measure the humidity levels of different simulated environments and determined that an environment with
more surface water would see more evaporation, shown by the increased humidity level inside their bottle
setups. Students did not, however, increase or decrease the temperatures of any of those simulated
environments to show that an increase in temperature can lead to an increase in evaporation. See advanced
preparation for ideas of how to support students if they have not engaged in the Storms Unit.



15 min2 · COLLABORATIVELY PLAN THE EVAPORATION LAB
MATERIALS: Temperature and Evaporation Investigation Planning, whiteboard or chart paper

Determine the investigative question. Pass out 1 copy of Temperature and Evaporation Investigation
Planning to each student. Explain to students that we can use this planning sheet to figure out how we
can use ideas and materials from past lab setups to help us figure out the answer to our question. Ask
students to write our investigative question—How would increased temperatures affect evaporation?—on
their handouts. 
Review the past bottle setup. Project slide B. Say, In the Storms Unit, your class used a setup similar to
this bottle model that was used to represent a system in the real world. What would we say are the key parts
that we would need to represent from the real-world system using these bottles?

Ask students about which key parts of the bottles were used to represent how evaporation happens in
real-world systems. As students share out the important parts to the lab setup, start creating a list of
the items to reference on a whiteboard or chart paper. Have students record these items on
Temperature and Evaporation Investigation Planning under “Key parts of the bottle setups.” Students
should identify the following parts:

Plastic bottle top
Humidity and temperature sensor
Dish
Simulated environment in the dish

Say, Now that we have identified the parts, let’s see if these bottles will allow us to collect data that we need to observe. What did we use to collect
data in our past lab?

Allow students to respond. Students should identify the sensor located inside of the bottle that was used to collect data. If students do not
identify the sensor, ask students to look back at the parts of the bottle setup list and identify the one part that collects data.

Establish the importance of a humidity sensor. Lead a quick discussion over the usefulness of the temperature and humidity sensor in the
current context of temperature and evaporation tracking. Example prompts and responses are below.

Suggested prompts Sample student responses

We have identified the sensor inside the bottle as the data collection
device. What data did that sensor collect?

The sensor that was inside the bottle was used to measure the
temperature and humidity of the air inside the bottle setup.

Let’s think back to our prior units. What exactly does humidity
measure?

Humidity measures the amount of water vapor that is in the air.

Our question we want to answer is about evaporation, not humidity. Is
this sensor helpful for us to use? Can we use it to collect the data over
how increased temperatures affect evaporation?

Yes, evaporation and humidity are related. Humidity shows us how
much water is evaporating into the air.

Evaporation goes into the air, and the more evaporation you have, the
higher the humidity would be.



Suggested prompts Sample student responses

Can we still use this sensor to collect the data on how increased
temperatures affect evaporation?

Yes. If we measure the humidity with different temperatures, it can
show us if the humidity increases or not. If the humidity increases
more in the heated bottles, that would mean there is more
evaporation.

So increased humidity would show us that more water is evaporating
into the air?

Yes.

Instruct students to write, “Collects data over temperature and humidity” next to the sensor in the “Purpose” column of their charts. Say,
Great. Now that we have identified a tool to measure the temperature and evaporation, we can think about the rest of the setup. From our past
experiences, what other parts did we feel were important to measure the humidity in air, and what would their purpose be in our lab?

Establish the purpose of other bottle setup parts. Guide students through identifying the purposes of the other parts in the bottle setups.
Example prompts and responses are below.

Suggested prompts Sample student responses

What parts of the bottle setups do you think would be important for us
to use in our setup to test how increased temperatures affect
evaporation?

The bottles might be important.
The different environments might be important.
The trays are probably important.

Why do you think the 2-L top would be important to use in our new
setup?

It could trap the air and close it off. We can see if the sample of air
increases in humidity with the air trapped in the 2-L bottle top. If the
humidity increases, the evaporation increases, too.

What could we say is the purpose of the 2-L bottle in our chart?

Great, let’s write that in our charts.

The bottle/the plastic will trap all the air and the water vapor that
evaporates so that we can measure the humidity.

If we simulate different environments using our bottle setups, like
measuring evaporation over water or over land, how could this be
helpful to figure out what we’ve been investigating?

Evaporation might be different over land than it is over water with
increased temperatures, like we saw in the original lab.

We were wondering whether being close to the ocean mattered and
testing over water could help us see if being near the ocean matters.

What could we say is the purpose of the different environments in our
chart?

Great, let’s write that in our chart.

To simulate the flooded or drought environments.

Develop bottle environment setups. Project slide C. Review the list of parts that students have compiled on the chart paper and review their
purposes. Say, We seem to have identified different environments as important to our setup. In our last lesson we noticed that some areas are
getting more droughts, and some are getting more floods. It also seemed that the land was either wetter or drier than normal. Some areas were even
flooded or completely covered in water. How can we recreate these really dry and really wet conditions to observe how increased temperatures affect
evaporation for these locations?



Direct students to look at the list of towns on slide C. Go over the environments in each case study site to brainstorm the identified
environments below. Have students record these environments under the “Identified environment” section of their charts. Once students
have identified the three different environment conditions, ask students to think about how we could simulate these environments in our
bottles. If students are having trouble developing the simulated environments, ask students to think about how they would describe the
land/ocean in that particular environment and how we could recreate those environments using easy to obtain materials.

Identified environment How we will simulate this environment

Land flooding Pan of wet soil

Near the ocean flooding Pan of water

Land in a drought Pan of dry soil

Once the chart is complete, confirm with students that these three bottle conditions would reflect the landscapes from our drought and
flood stories.

Foreground temperature change. Say, Great. It sounds like we have identified the materials and a setup to use to help us answer our question.
What is the major change we believe is happening that we want to focus on in our new investigation?

Students should be able to identify increasing temperatures as the major change to the setup that we are investigating. Instruct students to
record “increasing temperatures” on their handouts on the line that states, “The change we think is affecting our setup.”

Determine lab conditions. Project slide D. Direct students to turn and talk about the following questions:
If we create these different bottle conditions, what is the one thing we would want to change to see if it has had an effect on
evaporation rate?
How would we know if our one change has had an effect on evaporation rates? What could we compare the changed setups to?
What data would we collect?

Have students share out their ideas. Students should identify the following ideas:
The one change in the setup should be increasing the temperature. Remind students that this is what we refer to as the
independent variable. Instruct students to record “increasing the temperature” next to independent variable space.
A set of bottles without an increase in temperature would need to be used so that we know how increased temperatures affect
evaporation rate. Remind students that this is what we refer to as a control condition. Have students record “bottles without an
increase in temperature” next to the control space.
Humidity and temperature data for each bottle should be identified as important data for this lab setup. Remind students that what
we measure to see if there is an effect by changing the independent variable is called the dependent variable. Students should
write “humidity and temperature data” next to the dependent variable space.

Brainstorm heating methods. Say, It sounds like we have determined what we need to change in our bottles to see how increased temperatures
affect evaporation. In the Storms Unit your class used lamps to warm up the bottles and simulate the sun. That took some time; and we eventually
learned that the sun heats the surface, and the surface heats the air.

Introduce hand warmers. Say, I do have some hand warmers that we can try out that may work to heat the setups. Do you think this would function
properly to heat up our bottle setups at the same rate and to the same temperature?

Students should agree that the hand warmers are capable of heating up another item, such as our bottle setup. Push students to consider
trade-offs of using hand warmers to represent the setup.



10 min

Suggested prompts Sample student responses

How are the hand warmers a good representation of how air gets
heated?

Air is warmed or heated from the ground—when the ground warms up,
it transfers energy to the air. Air is not heated directly from the sun.

How are they not like the real world and how air gets heated? Heat doesn’t come from below, like the center of Earth. It comes from
sunlight warming the surface.

Say, Great. We can use the hand warmers under the test conditions to heat the water or soil. It sounds like we are ready to conduct our lab!

3 · BUILD DATA TABLE AND CONDUCT LAB
MATERIALS: Group Humidity and Temperature Lab, Group Humidity and Temperature Lab

Construct student data tables. Project slide E. Instruct students to open a new page in their notebooks and duplicate the slide setup on the
next clean page in their science notebook. Explain that they will have 8 minutes to conduct the lab and record data. In previous unit labs the
class has identified the need for multiple trials, so we will have 12 groups total. This will allow for each bottle setup to be tested by 2 different
groups at the same time.

Introduce class evaporation data chart. Project slide F. Once students have their
data tables constructed in their notebooks, direct students to look at the
evaporation data chart. Explain that each group will be given 4 sticky notes.
Groups doing trial 1 will have a different color sticky note than groups doing trial
2, to keep the data visibly separate from each trial. Each group will record their
starting temperature and humidity data and add it to their row on the chart. At
the end of the 8 minutes, the groups will then record their ending temperature
and humidity data to the chart. Explain that, when the lab is completed by all
groups, the two groups that tested the same bottle setup will average together
their data.

Group students into 12 different groups. Assign each group a different condition.
Two different groups will test the same condition, which will represent 2 trials for
that condition. Use the following conditions:

Pan of wet soil
Pan of dry soil
Pan of water
Pan of wet soil heated w/hand warmers
Pan of dry soil heated w/hand warmers
Pan of water heated w/hand warmers

Pass out Group Humidity and Temperature Lab. Go over the directions for the lab with students. Explain that each group will follow the
directions specified for their lab condition. Answer any questions that students may have about the lab.

Distribute hand warmers and sticky notes. As students are gathering materials for their assigned lab group, pass out the hand warmers to
the needed groups and have students shake and/or massage them for at least 30 seconds to start the exothermic process. Pass out 4 sticky
notes to each group, making sure different color stickies are given to the two groups testing the same setup.



10 min

Conduct the Group Humidity and Temperature Lab.
Project slide G. Once all groups have the required
materials, allow students to start the lab. As students are
working, circulate to make sure that the bottles are set
up correctly and that there are no visible gaps between
the 2-L bottle top and the tray. Remind students to post
their beginning and ending temperatures on the chart.
Once students have completed the lab, have students
clean their stations, put away materials, and place the 2-
L bottles with the cut side facing up to allow the inside to
acclimate back to room temperature and humidity
levels.

4 · AVERAGE BOTTLE SETUP DATA
MATERIALS: science notebook, Group Humidity and Temperature Lab, 2 sticky notes, Evaporation Data chart

Average the trial data. Direct students to look at their bottle setups
on the Evaporation Data chart. Ask each group to find the
difference between the starting and ending temperature and
humidity for their trial data.✱ Each setup should now have the
differences in data listed for trial 1 and trial 2. Ask students to get
with the other group that conducted the same bottle testing as
them and average their two trial differences together. Give each
combined trial group 2 sticky notes. Have each group add that
sticky note with the average to the final column on the chart. The
completed data table using data from the pre-recorded data
collection videos is above.

Before students leave class, inform them that they will get to look
deeper into the whole-class data tomorrow.

✱ ATTENDING TO EQUITY

Universal Design for Learning: Larger tables
filled with data can seem overwhelming to
some students. Some students may benefit
from a change in data representation by
condensing the chart to show only the
average differences in humidity and
temperature. By removing the now-
unnecessary raw data distractions by placing
the original raw data to the side, some
students are better able to see patterns in a
smaller dataset.

End of day 1



8 min5 · COMPARE BOTTLE SETUP DATA
MATERIALS: Evaporation Data chart

Say, Last class we had the opportunity to collect data over humidity in different simulated environments as we increased the temperature in our
experimental bottles. Now that we have the data, what should we do?

Listen for students to identify that we need to analyze the data and see if it helps us figure out how increased temperatures might be
affecting evaporation.

Look for patterns in humidity data. Project slide H. Give students 1-2 minutes to turn and talk to a partner about the following questions:
Compare the average humidity levels in the unheated bottles with the average humidity levels in the heated bottles. What patterns
do you notice?
Compare the averages for the bottles of soil with and without water. What patterns do you notice about the humidity levels?

Elicit student responses. Students should identify the following ideas:
When compared with unheated bottles, the heated bottles with water had a greater increase in humidity, meaning that more
evaporation occurred in those setups.
A greater increase in humidity also occurred in the heated bottles with no visible water versus the unheated setups, but at a much
lower rate than the bottle setups with water present.
Bottles that were not heated also experienced increased humidity/evaporation but did not evaporate as quickly as bottles that were
heated.

ASSESSMENT
OPPORTUNITY

Building towards: 3.A Analyze evaporation investigation data for patterns to provide evidence that increased
temperatures can cause an increase in the rate of water vapor in the atmosphere through an increase in
evaporation.

What to look for/listen for:
Across all bottles humidity increased.
An increase in humidity means that there must have been an increase in water vapor in the air.
Heated bottle setups increased in humidity more when compared to unheated bottle setups.
When comparing the two dry environment bottles, increases in humidity also occur. Those humidity
increases occur at a greater rate in the heated bottle.
The greater humidity increase occurred in bottles that had additional thermal energy.

What to do:
If students do not identify that the humidity increased in all bottles, ask students what changes they see
with humidity across all bottles from the before-and-after data.
The pattern of increased humidity levels of the heated bottles when compared to the unheated bottles.
If students do not identify that the heated bottles had higher humidity levels, section off the unheated
and heated bottle data and ask students to compare the two sections. Ask what differences they see
between the two conditions (heated versus unheated) and if there are patterns in those conditions.
Follow the same process to compare the dry bottles that were simulating drought conditions.
If students do not make the connection between increases in humidity and added thermal energy,
question students about the changes to the bottles that had an increase in heat. Ask what is happening
to cause water to evaporate, and probe for students to reference energy transfer to change the
humidity.

Say, Interesting. It seems that we noticed higher evaporation rates in the bottles that were heated. Let’s revisit our initial question and see if our data
allows us to draw a conclusion.



5 min

Compare temperature and evaporation rates. Project slide I. Have a quick class discussion regarding the change in temperature and
evaporation rates.

We hypothesized that an increase in temperature would lead to an increase in evaporation rates. Does our lab data support this
hypothesis?

Allow students to respond. Students should agree that the data supports the hypothesis. Lab results showed that an increase in temperature
leads to an increase in water evaporation rates where liquid water is present.

Draw conclusions about increases in evaporation. Question students about what increased evaporation could mean for interactions in
Earth’s water system. Example prompts and responses are below.

Suggested prompts Sample student responses

It seems like we have figured out that an increase in temperature
means that there is an increase in evaporation. What does that mean
for the amount of water vapor in the air?

The amount of water vapor in the air must increase with higher
temperatures.

So, if there are increased amounts of water vapor in the air, how does
that affect our water system model?

It should add more water in the air, and we should see more
evaporation.

If we have more evaporation, what should be happening to droughts
and floods?

It should increase the amount of precipitation because there’s
more water in the atmosphere, so more flooding should happen.
We should be getting more rain, not less, so shouldn’t everywhere
be flooding?
The dry areas must be getting drier like in our dry bottle setup,
but there should still be more rain falling.
Maybe the dry areas get drier because they run out of water to
evaporate.
Maybe the increase in water makes clouds heavier and harder to
move, so it's just staying in the same place; but then deserts
should be getting more rain too, which isn’t happening.
The floods might just be more intense.

6 · CONSIDER THE CHANGES IN WATER VAPOR FOR OPEN AND CLOSED SYSTEMS
MATERIALS: None

Say, It seems like we have identified that it means that there might be more floods, and there should be more precipitation; but we aren’t sure.
Throughout the year, we’ve been doing a lot with the idea of tracing and conserving matter in systems. One limitation of these bottles is that the
bottles represent closed systems.✱ How might our observations of water vapor be different in the actual open system of our atmosphere?

Students should identify that the air wouldn’t stay in the same place.

Consider open versus closed systems. Project slide J. Have students turn and talk about the following questions:
The bottles represent closed systems. How would this data be different if we investigated the open system of our atmosphere?
What changes might we see, and how would this affect droughts and floods?

Allow students to share out their ideas. Accept all potential responses. Students may develop ideas related to the following:
All of Earth is heating but maybe not at the same rate, so that might affect where the water goes.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING SYSTEMS
AND SYSTEM MODELS

A limitation of using the bottles in the lab is
that the bottles represent closed systems
when the real-world system that students
are investigating is actually an open system.
The bottles contain the air sample to study
the impacts of increased temperatures on
evaporation rates. Students have developed
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Air might move around more, so water vapor in air could move around, too.
The floods and droughts might go other places.
More water may stay in the atmosphere, so it may not increase flooding that much.
The floods and droughts might get more intense in some places than others.

Determine needed data. Say, Interesting. It sounds like we need to look more at what would happen to this water vapor in an open system. What
type of data would we want to look at to see how water vapor behaves in an open system like the atmosphere?

Sample student responses might include:
watching weather patterns,
looking at rainfall data, and
checking where wind blows the clouds and vapor.

Say, I might have some data that can help us figure out what is happening to the water vapor. Let’s look at a water vapor visualization that shows
what the water is doing in the atmosphere and where it goes.

an idea of open and closed systems over the
course of multiple OpenSciEd units and may
recognize this limitation. After completion of
the Storms Unit and the Homemade Heater
Unit unit, some students may be able to take
the concept of open and closed systems and
apply this information to the transfer of
energy, noting that the open system will
allow for greater energy transfer that was
once contained by the closed system.

7 · TRACING WATER VAPOR VISUALIZATION AND DISCUSSION
MATERIALS: science notebook, computer and projector, NASA Water Vapor visualization, NASA Water Temperature and Vapor visualization, whiteboard or chart paper, dry erase or chart
markers

Share data that students can use to help them answer their questions about water vapor. Share the data that we have available to answer
this question. Explain that the data we have show what happens to water vapor over a short period of time. Have students consider what
details to look for in the visualized data, and how this would help us answer our questions. Example prompts and responses are located on
the next page.

Suggested prompts Sample student responses

If we examine this visualized water vapor data, what should we pay
attention to to answer our questions?

Where it seems to move or travel.
Where it starts. Where it ends up.
If it's all moving to the east part of the country.
If there seems to be a connection to where there are droughts
and floods.

We had other questions on our DQB about water traveling and
droughts and floods. Do you think this could possibly help us answer
some of those questions?

Yes, maybe seeing the water vapor will help us figure out more
about droughts and floods.
Yes, we had other questions about what happens to the water
vapor in the air.
Accept all other related responses.

Identify related questions from the DQB. Project slide K. Ask students to read and identify questions from the DQB that might also be
answered by examining where the water vapor travels. Sample questions could include:

Why does one side of the United States have more flooding and the other have more drought?
Does the drought in some areas connect to areas where it’s flooding?

Introduce students to the use of satellite data. Project the NASA Water Vapor visualization from www.teachersopensciedfieldtest.org/drough
tsfloods . Tell students that one way to identify regular patterns in air and precipitation movement is to look at weather from above. Say,
Scientists do this with satellites, and they check their satellite data with data from weather stations located at the surface.✱

✱ SUPPORTING STUDENTS IN
ENGAGING IN ANALYZING AND
INTERPRETING DATA

In this lesson, students make observations
from simulated data. The simulated data is
derived from a computer model that was
originally sourced from real-time satellite
data and ground observations. The original
data sets are massive, accounting for hourly
and daily observations around the world.
Students will view the visualized data for
only part of this data set, for only the month
of June. Use this opportunity to share with
students how scientists collect and use large
data sets to visualize information. Also, this is
an opportunity to emphasize to students
that this kind of data collection requires
coordinating many scientists and science
organizations around the world.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING PATTERNS

During this discussion, ask students how
visualizations, such as the ones they’ve been
making observations about, are useful for
identifying patterns over time (temporal
relationships) or over space (spatial

file:///tmp/www.teachersopensciedfieldtest.org/droughtsfloods


Prepare for observations. Display slide L. Give students background about the NASA visualization they are about to observe. For example,
the visualization:

is a computer simulation based on real-time data,
is from a satellite perspective but uses both satellite data and ground observations from weather stations, and
includes data for only 1 month in June 2014.

Explain that the visualization is going to show movement of water vapor in the air. Ask students to share their ideas about things they want to
pay attention to in the visualization to answer their questions.

Suggested prompts Sample student responses

How will this data visualization help us answer our questions? We were wondering if it was a pattern, so we can look to see if the
water vapor is only moving to a certain part of the country.

Do you have any concerns about whether this data will answer the
questions?

One month may not be long enough to see a pattern.

We may need multi-year data if we are going to make claims about
the climate.

What should we pay attention to as we make observations of the
data?

Whether the water vapor is moving in the same or different directions.

Whether the water vapor is a pattern or if the air movement changes
over time.

Have students find a new page in their science notebooks to set up a Notice and Wonder chart. If needed, use slide M.

Observe water vapor across the United States. Project the NASA Water Vapor visualization from www.teachersopensciedfieldtest.org/drough
tsfloods over a class whiteboard, smart board, or chart paper. Make certain that all students are able to view the visualization. Point out that
the United States is outlined with a white border. It may be helpful to identify large states, landmarks, or the location of your individual state
before showing the visualization.

Watch the visualization for the first time. As students view the visualization, remind them to record noticings in their science notebooks.
Once the visualization is complete, give students one minute to share their noticings with a partner.

Decide on what to pay close attention to and how to annotate the class chart. Tell students they will watch the visualization again, but this
time they will record, as a class, a few things on the whiteboard or chart paper background. Based on students’ initial observations, decide
together what to pay close attention to and record and how to record it. This could include

recording the direction of water vapor movement with an arrow,
recording where the vapor starts, and
recording areas where there is a lot of water vapor and areas with the least vapor by circling the areas in different colors.

Replay the visualization. Be prepared to stop and restart the visualization as needed to allow time for you or a student to record information
on the whiteboard or chart paper background. This will become your class’s annotated class map. Encourage students to add to their
noticings in their notebooks. Rewatch the animation as much as needed to document observations.

Facilitate a discussion from students’ observations. Ask students to share what they noticed and invite students to use the class’s annotated
map to help them articulate their observations.✱ Start by studying the impact of the wind patterns on areas of increased precipitation.

relationships). Have the students reflect on
how decisions about data and how to
represent data is part of the work of science.
For example, a still image of a single
snapshot in time would not have been an
appropriate representation to use for trying
to identify predictable patterns.
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Suggested prompts Sample student responses

Do you think this sort of pattern of air movement from west to east is
something that happens all the time?

Water vapor seems to mostly move west to east across the
United States (left to right).
The West Coast seems to have very little water vapor over it or
over the ocean near it.
Water vapor seems to start in the Gulf of Mexico or the middle of
the country and move to the east.

We know this map shows the water vapor moving, and we can
definitely see it moving to a different location than where it started. Do
we think that the water vapor just stays in the air once it has moved?

No, the water vapor falls somewhere.
No, it looks like at times the thicker bands of white get thinner, so
something is happening like rain or snow.

Where would we predict precipitation to occur on the map? It looks like precipitation would happen in the South and on the
East Coast.
The precipitation seems to be happening where there has been
an increase in floods.

Does this precipitation seem to be happening in any of our flood or
drought story locations?

All the vapor coming up from the South by Florida is being
pushed by wind and heading to some of our flooding locations.
It looks like sometimes the thick white areas are moved by the
wind over some flooding locations, so maybe there is a bunch of
water getting to them at once.

But doesn’t precipitation naturally occur in those locations? Why
would there be an increase in flooding?

Since there is more water vapor in the air, there is probably more
rain or snow or it’s raining/snowing more often.
The precipitation may be a lot more when it happens.

So what can we say about our flooding locations? They may be getting more precipitation because the increased
water vapor is getting pushed to them by the winds.
They are probably getting more intense flooding because there’s
more water vapor being brought at once to them when the wind
moves it into the United States.



Discuss drought locations. Say, It sounds like we may have an explanation for flooding and why floods generally happen on the east side of the
United States, but we still need to look at our drought locations. What do you notice about the drought locations?

Suggested prompts Sample student responses

Look at the locations that were reporting droughts. What observations
can we make about those locations?

The areas of drought don’t have as much water vapor over them.
It looks like the wind doesn’t move the water vapor to some of
our drought locations.
The drought locations aren’t getting the water even though there
are some water vapor areas that start heading their way in the
beginning.
Even though the drought locations are close to an ocean, they
don’t seem to be getting any of the water from it.
The other air masses and water vapor seem to move west to
east, but on the West Coast, the vapor moves just over the land
and then stops on the other side of California.
There is a green patch to California on the map, but then it gets
brown really fast to the east.

Some of those drought locations don’t seem to be getting any water at
all. What could be preventing that Pacific water vapor from getting to
states like Nevada and Arizona?

Something has to be stopping it.
There is a mountain range there. Maybe the clouds hit the
mountain ranges and can’t go over them.

So the mountains may be stopping some of the precipitation. Did you
notice anything about the amount of vapor?

There is more water vapor in the Southern United States than on
the West Coast.
The West Coast is only getting wisps of water vapor brought in by
winds, and the South and North are getting a lot of water vapor.

It does seem strange that there is not a lot of water vapor given that
the West Coast is so near an ocean. Why do we think a place close to
the ocean does not have a lot of water vapor?

There must be less evaporation somewhere.
Something must be happening to that water vapor before it gets
to the land.
In our bottles, the unheated bottles had evaporated much more
slowly.
Maybe the Pacific Ocean or the land there isn’t as hot.

How could we figure out if temperature is playing a role in the amount
of precipitation that the West Coast receives?

We could look at temperature data for the oceans and where the
evaporation comes from.
We could see what temperatures the water vapor comes into
contact with.

Say, OK. We do have access to some temperature data from where the majority of the water vapor starts over the oceans. Let’s take some time to
look at some oceanic temperature data and see if we notice anything that could explain why the water vapor seems to disappear before moving too
far inland.

View the temperature and water vapor visualization. Display slide N if needed. Project the NASA Water Temperature and Vapor visualization
from www.teachersopensciedfieldtest.org/droughtsfloods . Allow students to add to their Notice and Wonder charts as they view the video.
Replay the animation as much as necessary for students to record their observations. Allow students to begin a discussion by sharing their
noticings with the class.

file:///tmp/www.teachersopensciedfieldtest.org/droughtsfloods


Suggested prompts Sample student responses

What do you notice about this visualization? The water in the Gulf Coast seems much warmer than anywhere
else.
There is way more water vapor that comes from warmer water.
The ocean to the west of the West Coast is cooler than the East
Coast.
In the Northeast it looks like all of their water vapor comes up
from the Southeast. The water up there is cold, and it doesn’t look
like too much vapor is starting over the ocean up there.
In areas where the temperature is higher, it seems to be
constantly making water vapor.

So, if the water is warmer, what can we say about the amount of water
vapor coming from it?

The warmer the water, the more evaporation will occur.

Do we have any warm water in the West or any large amounts of
water vapor?

Yes, if you look at the very west part and down in the corner, the
map gets red to show warmer waters. We can see a lot of water
vapor coming from the bottom left corner of the screen.

So, if we have all of this water vapor coming to the West Coast, why
does it not make it all the way to the shore?

Maybe it gets cool and condenses over the Pacific Ocean. The
vapor is there, then the amount decreases over the blue and
green cooler areas.
Maybe the vapor cools and falls as precipitation over the ocean.

What does that mean for the West Coast? The West Coast has less water vapor coming over it because the
Pacific is cooler, and it makes the clouds precipitate before they
get to the West Coast.
Maybe the Pacific Ocean also doesn’t evaporate as fast because
it’s cooler than the Atlantic and Gulf of Mexico.

We were able to explain why some flooding locations received
increased precipitation. Does this help us explain why some drought
locations are receiving less precipitation?

Yes, the winds are getting cooled from the ocean, and all that
water vapor doesn’t make it to land.
Yeah, the mountains block most of the water vapor that is left
from getting to some of the drought areas.
With the winds blowing west to east, it makes sense that the
warm vapor from down by Florida doesn’t go to the desert states.
Yes, because if they get more evaporation, like in our bottle
setups, but there’s like no water vapor reaching them, then it
makes sense that the drought would happen or get worse.

Say, It seems like we were able to figure out how temperatures affect both water vapor and precipitation and explain why some places are getting
more or less precipitation than normal. Let’s see if we can use these ideas to update our class consensus model.



7 min8 · UPDATE CONSENSUS MODEL
MATERIALS: Earth’s Water System model, markers

Review consensus model. Project slide O. As students are orienting to the model, ask students to point out key processes and components
of the model. Give students roughly 2 minutes to turn and talk to a partner about the question on the slide. Ask students to share out these
key components. Students should identify the following ideas from Lesson 2:

the general cycle of evaporation, condensation, and precipitation,
increased temperatures, and
location of water at, above, and below the surface.

Ask students, What areas have we made progress on that we can now update?

Adjust the evaporation changes with our new learning. Students should respond with evaporation and precipitation. To begin documenting
student ideas, focus students’ attention on the evaporation section of the model.

Ask students, What do we now know about the effects of
an increase in temperature on evaporation?

Students should respond that an increased
temperature increases evaporation rates, and this
increases the overall amounts of water vapor in the
atmosphere. The rate of evaporation is dependent on
where the evaporation is occurring, but the wetter
environments have a greater evaporation rate than
drier environments.

Add this to the diagram by adding an arrow above the
surface water sources on the model, as seen in orange
to the right.

Add new evaporation learning to the Model Ideas list.
Take a moment and recap what students have
identified as important on the evaporation section of
the model. Use this as an opportunity to confirm that
ideas are represented correctly and to document the
big ideas for future use. The Model Ideas list should
reflect the following ideas:

An increase in temperature increases
evaporation rate, which means that there is
more water vapor in the atmosphere.
Wetter areas have a higher evaporation rate
than drier areas.

Adjust the precipitation changes with our new learning. Direct students’ attention to the precipitation side of the model. Guide students in
revising the understanding of how temperature changes affect precipitation.



Ask students, What do we now know about the effects of an
increase in temperature on precipitation?

Students should respond that an increased temperature
affects where the precipitation falls, when it falls, and how
it falls (type, quantity).

Add this to the diagram by adding an arrow pointing from
the temperature box to the changes in precipitation area,
as seen in orange to the right. Other notes can be written
in this area as students deem them important and
relevant to the explanation.

Add new precipitation learning to the Model Ideas list.
Pause again here and record student thinking on the
Model Ideas list. Once again, use this as an opportunity to
check for accuracy in recording student ideas on the
model and the Model Ideas list. The newly added ideas
could include:

Increased temperatures and winds can affect
where precipitation falls and how much
precipitation falls.
The type of precipitation that falls (rain, snow) is
impacted by higher temperatures.

Say, We’ve figured out that this higher temperature seems to be related to changes in
precipitation and changes in evaporation, which are important processes in our water system
model. But if we look back at our cases, there are other sources of water in the communities
other than precipitation. What other sources of water do these communities use?

Allow students to share the other water sources of the communities in our water stories.
Students should identify the following additional water sources for the communities:

East Porterville - aquifer
Vicksburg - river
Navajo Nation - aquifer, snowmelt
Boston - ocean
Yakima - snowpack, river
Windom - river

Say, Let’s make a few predictions of what we think could be happening in other parts of our
model. Let’s look back at these sources. Could increased temperature be affecting these
sources as well?



7 min9 · NAVIGATION
MATERIALS: None

Turn and talk about additional changes due to increased temperatures. Project
slide P. Give students roughly 2 minutes to talk to their partner about the
questions on the slide.

Could increased temperatures have an effect on the other community
water sources?
What changes due to increased temperatures do you predict are
happening to these water sources?

Make predictions using the class’s Earth’s Water System model. Display slide Q.
Facilitate a brief whole-group discussion to share and document predictions on
the class model. As students share their predictions, direct students to go up to
the Earth’s Water System model and use sticky notes with symbols (arrows, equal
signs, question marks) to show how they think components of the system could
be changing. Prompt students to also share what evidence or information they’ve
seen already to support their prediction.

Anticipated student ideas:

Prediction Evidence collected so far Sticky note on model

Melting ice and snow Less snow in Navajo Nation and
Washington State cases

down arrow

Rising sea levels Rising sea in Boston case up arrow

Rivers drying up or rivers flooding Less rivers in Navajo Nation case, but
more river water in Vicksburg and X
case

up and down arrows or question mark

Drying up the land Evaporation data from Lesson 3 and
Navajo Nation case

down arrow

Less groundwater or well water Groundwater going down in Porterville
case

down arrow

Accept all others suggestions



Determine possible effects of temperature increases on groundwater. Some students may identify the component of groundwater as an
area that may be undergoing changes due to increased temperatures. If students do not identify potential changes in groundwater, ask
students, Is anything happening to the groundwater?

Students may respond with uncertainty about the effects of increased temperature on groundwater storage. Capitalize on this uncertainty to
discuss how these possible changes might be occurring.

Suggested prompts Sample student responses

We aren’t sure if the groundwater might be affected by increasing
temperatures. Let’s think about our groundwater. What is that
groundwater connected to on our model?

The groundwater is connected to the surface.

The groundwater is recharged sometimes by the surface water.

The groundwater is used by those on the surface.

What could possibly cause a change in our groundwater reserves? People may pump more water if the surface water is all used up or
getting low.

The groundwater may not recharge as fast as we need, so we may
lose it faster than we are using it.

If there is less rain, there is less water for the recharging of the
groundwater.

If changes on the surface can affect our groundwater, is it possible that
the changing temperatures on the surface could be affecting the
groundwater?

Yes, the changes that are happening because of increased
temperatures on the surface, like less rain, could be affecting the
groundwater.

Yes, the increased temperatures may have us pumping more water.

Yeah, the floods may not soak in as well as the slow rains on the
surface, so it may not be filling up as well.

Say, We’ve made some predictions about how the increases in temperature and changes to precipitation might be affecting other parts of our model.
Let’s check these predictions against some more data and information next class period.


