
LESSON 4: How can we forecast where and when tsunamis will happen and how much
damage they will cause?

PREVIOUS LESSON We analyzed four different wave models and identified the benefits and limitations of those models for explaining earthquake-driven tsunamis. We identified
sources of data we would need to predict, warn, and protect people from future tsunamis.

THIS LESSON

PUTTING PIECES TOGETHER

1 day

 

We revisit the Driving Question Board to determine which questions we can answer. Using data as evidence
from previous lessons, we construct an explanation that describes the related geologic forces that cause a
tsunami to form and forecast impact for communities at risk. Then we use what we know about tsunamis--
where they happen and how they form and move--to consider what can be done to protect both people and
property from the effects of a tsunami.

NEXT LESSON We will revisit the coastal communities of Japan to evaluate existing and potential future solutions designed to protect those communities. We will define our
problem and identify criteria and constraints. We will evaluate each proposed solution using a systematic process to determine which solutions might be most
promising for these communities. We will consider how community needs vary from one community to another and consider what we need if a solution fails.

BUILDING TOWARD NGSS

MS-ESS3-2, MS-ETS1-1, MS-ETS1-2

WHAT STUDENTS WILL DO

4.A Apply scientific ideas to construct an explanation 1) for how sudden changes in the ocean floor during an earthquake form a tsunami, and 2) to
forecast which communities are most at risk for damage.

WHAT STUDENTS WILL FIGURE OUT

Tsunamis are a large wave or surge of water that result from movement of the ocean floor (e.g., earthquake).
Tsunamis happen suddenly and can travel at high speeds over great distances; depending on where the tsunami forms, communities have
more or less time to respond.
Understanding how a hazard develops and moves is necessary to study the impacts that might result.
Places with more people, or that are closer to the water, or at low elevations have greater risk for a tsunami to cause damage.



Lesson 4 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 10 min NAVIGATION: Taking Stock
Take stock of what we have figured out about how an earthquake causes a tsunami.

A-B

2 20 min CONSTRUCT EXPLANATIONS DESCRIBING GEOLOGIC FORCES THAT CAUSE TSUNAMIS
Use data from previous lessons to construct explanations about how geologic forces, such as
earthquakes, can cause tsunamis to form.

C Explaining and Forecasting Tsunami Risk, Scoring Guidance
for Explaining and Forecasting Tsunami Risk

3 10 min REVISIT THE DRIVING QUESTION BOARD
Revisit the Driving Question Board and determine which questions students are able to answer.
Work in partners to document answers to those questions.

D-E sticky dots, black markers, 5 x 8 index cards, tape, push
pins (optional)

4 5 min NAVIGATION
Revisit initial ideas and designs from Lesson 1 for detecting, warning, and reducing damage caused
by a tsunami. Motivate the need to evaluate existing solutions.

F-G notebooks, Tsunami: Japan 2011, sticky dots

End of day 1



Lesson 4 • Materials List
per student per group per class

Lesson materials Explaining and Forecasting Tsunami Risk
notebooks
Tsunami: Japan 2011
sticky dots

sticky dots
black markers
5 x 8 index cards
tape
push pins (optional)

Scoring Guidance for Explaining and Forecasting Tsunami Risk

Materials preparation ( 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.

Ensure that the anchor videos from Lesson 1 can play: https://www.teachersopensciedfieldtest.org/tsunami

https://www.teachersopensciedfieldtest.org/tsunami


Lesson 4 • Where We Are Going and NOT Going
Where We Are Going

This lesson is focused on students checking their understanding of the geologic forces that cause tsunamis to form, and use their new understandings to predict which communities are most at
risk for damage and why.

Where We Are NOT Going

Forecasting systems for some natural hazards allow for more time or predictability (e.g., meteorological hazards, such as hurricanes, allow days of advance warning). For tsunamis, the ability to
predict when they will occur is not possible; however, once triggered by an earthquake event, using what is known about how fast waves travel and characteristics of communities, scientists
can send warning signals and evacuate communities that are more at risk of damage.
The purpose of the explanation task for this lesson is to challenge students to use what they know about how waves form, move, and cause damage at shorelines to make a principled
explanation for short-term forecasting for which communities are potentially more at risk than others. Much of this information will be explored more fully in Lessons 5-7.



10 min

LEARNING PLAN for LESSON 4
1 · NAVIGATION: Taking Stock
MATERIALS: None

Say, In the last few lessons we have been investigating to figure out some things about tsunamis. Take a few minutes with a partner to talk about
what we have figured out about tsunamis. As you discuss this, use resources you have in your notebook as data or evidence to help you in identifying
what we have figured out. When you find something in your notebook, you may want to flag that page with a sticky note or by folding the page or
marking it some other way so you can find it again pretty quickly. Use the questions on the slides to help guide you if needed:

What we understand about how tsunamis form.
Where tsunamis tend to occur.
How tsunamis impact the people and the structures in a community.

After students have had a few minutes to work with a partner on this, have some students share and record what is shared on a poster or on
the white board as bullets or phrases. Some additional questions to help guide this brief discussion are:

What have we figured out about what causes tsunamis to form?
What have we figured out about how tsunamis form and move?
What have we figured out about where tsunamis happen?
What have we figured out about areas that are more or less at risk?
What have we figured out about the connection between earthquakes and tsunamis?

A sample list from student responses is included below:
Tsunamis can occur after earthquakes, volcanos or landslides
Tsunamis form more often when the land below the ocean is moved close to the surface and with a lot of strength, or magnitude
When the land below the ocean breaks, or plates move, where one part moves up, a large wave forms quickly and moves quickly
towards shore
Most tsunamis happen in the same areas that earthquakes happen
Areas that are closer to plate boundaries where strong, shallow earthquakes occur are more at risk for damage from a tsunami
Tsunamis are a large wave or surge of water that result from movement of the ocean floor (e.g., earthquake).
Not all earthquakes cause tsunamis; stronger, shallow earthquakes along colliding plate boundaries tend to cause tsunamis to form.
Tsunami waves increase in height as they move toward the shallower water found near coastlines.
As waves move and interact with other waves or land, they transfer energy and switch directions.
Tsunamis cause damage to communities by major flooding of low lying areas, destruction of homes and property, and swiftly
carrying people or property far distances.
Tsunamis can vary in size and strength, which is a major factor in the type and amount of damage it can cause to coastal
communities.



20 min2 · CONSTRUCT EXPLANATIONS DESCRIBING GEOLOGIC FORCES THAT CAUSE TSUNAMIS
MATERIALS: Explaining and Forecasting Tsunami Risk, Scoring Guidance for Explaining and Forecasting Tsunami Risk

Construct explanations that describe how geologic forces lead to the formation of a tsunami.✱ Say, Now that we have taken some
time to take stock of what we have figured out about tsunamis, we are going to see if we can apply it to a different scenario. You will do this

individually and use resources from your notebook to help you as you work through this scenario. I want to give you an opportunity to use what you
have learned about tsunamis to construct an explanation for a tsunami event.

Pass out Explaining and Forecasting Tsunami Risk. Give students a few moments to orient themselves to the assessment, then show slide C
and say, Imagine that a shallow earthquake of 7.6 magnitude occurs along a colliding plate boundary in the Pacific Ocean. Tsunami warning signals
are immediately sent out to countries along the Pacific Ocean. Use what you know about tsunamis and how they affect places along coastlines, to:

Explain why this type of earthquake could cause a tsunami to form and how it happens.
Rate how quickly each of the four different locations will be impacted and level of risk for each place.
Determine which place is most at risk for damage from a tsunami and explain why you think so.✱

Give students about 15 minutes to complete the assessment. Collect their work as they finish.

ASSESSMENT
OPPORTUNITY

Building towards: 4.A Apply scientific ideas to construct an explanation 1) for how sudden changes in the ocean
floor during an earthquake form a tsunami, and 2) to forecast which communities are most at risk for damage.

What to look for/listen for: Students should make connections that sudden shifts in the ocean floor can form a
tsunami. It can move quickly across large parts of the ocean and cause damage when it reaches the coastlines.
Students should use scientific ideas of how waves move and how they affect the shoreline to rank order the risk
of four places and predict which communities are most at risk for damage.

What to do: If students struggle in developing explanations and/or ranking the risk of different places, call
attention to supports embedded in the assessment, such as pictures and descriptions. Also:

Remind students to support their claims with evidence from their observations made during the first 3
lessons of the unit.
Provide sentence stems (on a sheet of chart paper) to help students write a claim supported by
evidence. For example, “Place ___ is most at risk for damage from a tsunami. I know this because
__________.”
Remind students that damage is associated with the loss of lives and properties that might result; they
should consider the potential people and property that might be impacted in each place.

Use Scoring Guidance for Explaining and Forecasting Tsunami Risk to help you assess students’ ability to construct
an explanation that describes how sudden geologic forces (i.e., an earthquake) in the ocean floor can cause a
tsunami, and how different communities may be at varying risk of damage.

ALTERNATE
ACTIVITY

Instead of completing Explaining and Forecasting Tsunami Risk individually, students can work in small groups to
complete the assessment. Use slide C to guide students in creating a poster that includes a scientific
explanation describing the geologic forces that cause a tsunami to form. Groups’ posters should include (1)
geologic forces that cause a tsunami, (2) wave motion (energy) that result from the shift in the ocean floor, and
(3) possible impacts on a coastal community. When groups have completed their posters, students can take
part in a gallery walk and give peer feedback to groups using sticky notes.

✱ SUPPORTING STUDENTS IN
ENGAGING IN CONSTRUCTING
EXPLAINING AND DESIGNING
SOLUTIONS

Students will construct explanations that
describe the geologic forces that cause a
tsunami to form. Students have had multiple
opportunities to construct explanations
using evidence and reasoning throughout
the OpenSciEd Grade 6 Units. This new
explanation task introduces the new
challenge of ranking places at risk and using
key science ideas to develop a rationale for
the varying risk of communities based on
characteristics of the community and what
they have learned about how tsunami waves
form and move.

✱ ATTENDING TO EQUITY

Supporting empathy and emotions: It is
important to make sure that students
develop an understanding that when it
comes to natural hazards, the triggering
event is often out of people’s control. Natural
processes occur on Earth all the time, such as
the earthquakes in the Pacific Ocean in the
anchoring lesson (Lesson 1) and again in this
assessment task. The reason these events
are hazardous is because the outcomes
impact people and property. It is through
forecasting and assessing risk that we can
prepare people and respond quickly. This
assessment task may bring up negative
emotions from students who have
experienced a hazard. Encourage students
by letting them know that it is through using
data and science ideas that we can assess
risk for different communities and better
protect them from damage.



10 min3 · REVISIT THE DRIVING QUESTION BOARD
MATERIALS: sticky dots, black markers, 5 x 8 index cards, tape, push pins (optional)

Revisit the Driving Question Board and review questions. Show slide D and say, Now, let’s revisit the Driving Question Board and see what
questions we can answer based on what we have learned in this unit so far. You will have a few minutes to look through the questions on the Driving
Question Board and put sticky dots on those that you think we can now answer based on what we have learned about tsunamis up to this point. We
will then work in small groups or with a partner to document answers to those questions.

Ask students to gather around the DQB, then give them 2-3 minutes to place sticky dots on questions. Have them step back and take a look
at the selected questions. After students have had time to look through the questions, ask students to share their selections.

Suggested prompt Sample student response

Under which categories did we find questions that we can now
answer?

Some of the questions we tagged are under the category of “Causes of
Tsunamis.”

Some of the questions that ask “Where Tsunamis Happen.”

Some are about the “Kind of Damage Tsunamis Cause” when they hit
a coastline.

Some questions that ask about the “Size and Strength of Tsunamis.”

Document and post answers to selected questions from the DQB.✱ Have students work either in pairs or in small groups of 3. Each
pair or small group should select a question with a sticky dot and return to their desks. They should tape the question to the upper-

left hand corner of a large (5 x 8) index card, then use a black marker to document the answer to the question on the index card. While
students work, write the category titles on large index cards, and use tape or push pins to post these cards near the Driving Question Board.
Leave room under each category card for answered questions. As pairs finish, have them use tape (or push pins) to post the answered
questions (question and index card) under the appropriate category. All unanswered questions will remain on the DQB.

✱ ATTENDING TO EQUITY

Supporting emergent multilinguals: When
students are tasked with expressing their
ideas, allow them to do so through linguistic
(oral and written language) and nonlinguistic
(e.g., drawings, graphs, symbols, gestures)
modes. Providing emerging multilingual
students with such opportunities allows
them to use all of their resources to express
meaning.

It is also helpful to intentionally group
emerging multilingual students. This could
be peers who know the same language, or it
could be peers whose English language
development is slightly more advanced. It is
important that these groupings be
thoughtful so that they benefit from working
in pairs or small groups.



5 min

ADDITIONAL
GUIDANCE

The categories on your DQB and the questions selected may differ slightly from those in the sample responses.
However, students should select questions that focus on the geologic forces that trigger tsunamis, the motion
(or energy) that occurs as tsunamis move across ocean water and onto land, and the effects of tsunamis on
coastlines and coastal communities.

ALTERNATE
ACTIVITY

Please note that this activity may take more than the allotted 10 minutes to complete, especially if students
have little or no experience documenting answers to questions from the Driving Question Board. If you do not
have enough time to complete this activity in class, each student can select a question and tape it to an index
card. Then the question cards can be sent with students as a home learning assignment. Each student can
document the answer to the assigned question at home and return the completed card at the beginning of the
next class period.

4 · NAVIGATION
MATERIALS: notebooks, Tsunami: Japan 2011, sticky dots

Revisit initial ideas. Show slide F and ask students to turn back in their notebooks and find Tsunami: Japan 2011. Give them a few moments
to find the handout, then say, Take a few moments to look back at your ideas for tsunami detection, warning, and reducing damage and think
about what we now know about tsunamis. Which designs for detection, warning, and reducing damage are still promising? Place a sticky dot next to
any ideas you think might be worth investing time and resources into.

Give students a minute or two to work individually.

Motivate the engineering design challenge for the unit.✱ Show slide G and say, Now that we have a pretty good understanding of what causes
tsunamis, where they happen, how they move, and how they impact people and property, we need to use what we know to think about these
questions:

How can communities use what we know about tsunamis to prepare and protect people and property from this natural hazard?
What existing ways have experts used to protect people from tsunamis?

Turn to a partner and share one idea you marked with a sticky dot in your handout. Then discuss the two questions on the slide.

As students finish sharing, summarize the lesson by saying, Our next steps will include examining and evaluating existing solutions to determine
how well they protect people and property during a tsunami.

✱ SUPPORTING STUDENTS IN
ENGAGING IN CONSTRUCTING
EXPLAINING AND DESIGNING
SOLUTIONS

This lesson prepares students for the unit’s
engineering design challenge. Students have
had previous engineering design experience
from OpenSciEd Unit 6.2: How can containers
keep stuff from warming up or cooling down?
(Cup Design Unit). Use that previous
experience to remind them that engineers
design solutions to mitigate the effects of
natural hazards using scientific principles,
and that those design solutions must go
through rigorous evaluation to determine
how well they meet criteria and constraints.
Beginning in Lesson 5, students will use
criteria and constraints to evaluate a variety
of detection, warning, and mitigation
systems designed by engineers to protect
people and property from the effects of
tsunamis.


