Investigating Factors That Affect Tsunami Inundation
A Science Inquiry

GO TO HIGH GROUND!

The Shaking is Your Tsunami Warning

Goals
* Identify topographic or other factors that affect
tsunami inundation.
* Conduct an experiment related to tsunami
inundation:
o Form a Question or Hypothesis,
o Design an Investigation around the topic,
Collect and Present Data, and
o Analyze and Interpret their Results.

Part One: Hypothesis and Design

Students decide which variables to investigate and
design the tsunami inundation model to test
their hypothesis.

Part Two: Collect and Analyze Data

Students run a series of experiments to measure
changes in inundation with changed variables.

Collect, organize, and display sufficient data in both
table and sketch.

Part Three: Conclusion

Summarize findings and use them to evaluate the initial

hypothesis related to tsunami inundation from
students' own groups and others.

Possible Exploration Topics

Students modify tsunami wave tanks to learn about the affect that
both near-coast bathymetry (submarine topography) and coastal
landforms have on how far a tsunami can travel inland.

Materials
« List on Page 2
« Student worksheets on Pages SW1-2

NGSS Science Standards

+ From Molecules to Organisms—Structures
and Processes: MS-LS1-8

+ Motion and Stability—Forces and
Interactions: HS-PS2-1

« Energy: MS-PS3-2, HS-PS3-2, MS-PS3-5

» Waves and Their Applications in
Technologies for Information Transfer:
MS-PS4-1, HS-PS4-1, MS-PS4-2

« Earth’s Systems: HS-ESS2-2

« Earth and Human Activity: HS-ESS3-1,
MS-ESS3-2

« Engineering Design: MS-ETS1-1,
HS-ETS1-1

How does coastal bathymetry affect tsunami inundation? (i.e. gentle vs. steep slope bathymetry).

How does coastal topography affect tsunami inundation? (i.e. river inlet vs. straight coastline).

How does the amount of energy in a tsunami wave affect inundation? (i.e. lower energy vs. higher energy).

Other related ideas??? - see pg 5 for more ideas

This activity was prepared by Bonnie Magura, retired teacher Portland Public Schools, education consultant, with assistance from Roger Groom and his

8th grade class at Mount Tabor Middle School, Portland OR.

Downloaded from: https://serc.carleton.edu/ANGLE/
educational_materials/activities/205662.html




Teacher Background & Instructions

Creating the Tsunami Wave Making Paddle

Make a paper pattern for the paddle by tracing the
outline of the end of the container. (Figure 1) The
sides have a slight taper. Test the paper inside the
container and adjust to achieve a close but not tight
fit. The paddle should be same height as the top of the
container. (14 cm wide at the top, 13.9 cm wide at the
base, 11.9 cm in height on the sides) Trace the paper
pattern onto the heavy plastic sheet and cut out using
scissors (Figure 3). To create the fulcrum on which the
paddle will pivot, cut or break a skewer approx. 20

cm long. Center the paddle on the skewer and tape
the top edge of the paddle onto the skewer. Cut or
break 2 additional skewers approx. 15 cm. long and
tape them vertically inside each edge of the paddle

to reinforce the paddle so that it does not bend. The
skewers extend above the horizontal bar at the top of
the paddle. The extra height provides a lever to create
the wave.

Creating the Tsunami Wave

Holding the horizontal skewer at the back of the
container using both hands, pull the vertical skewers
back with thumb or forefinger quickly and gently.
The bottom of the paddle will pivot forward causing
the water to push forward in a wave. Allow the water
to return and calm before creating another wave. The
goal is to create a consistent wave that travels over
the land and up the river channel without hitting the
back wall of the container. This will take some practice
to get the right kind of wave, and to make the waves
consistent for several trials.

Creating the landform topography

Cover half the container (8") in clay using thin slices to
represent the coastline. Taper the clay from (0 cm thick)
to the back of the container (1 cm thick). (Figures 2 & 4)

Creating the Investigative Design Element

To create ariver: Cut an inlet out of the clay from
water’s edge to the back of the container (Figure 2).

Students may be encouraged to make their landform
and inlet a more realistic representation.

Materials for Tsunami Wave Container

« Rectangular plastic storage container such as Linus™
Deep Drawer Binz Clear*
6”"x 16"x 5"h product code: 10059915
(The Container Store $16.99)

+ Non hardening modeling clay

«  Ruler

- Beaker for water

«  Blocks of wood to tilt container

« Colored toothpicks to mark location of the wave
inundation

«  Knife to cut the clay into thin landform pieces
and remove clay to create a river

Tsunami wave making paddle

Materials for Wave-making Paddle*

« Heavy plastic such as a heavy plastic report cover to
make the wave paddle

«  Heavy bamboo skewers to make the paddle and
the bar to limit the distance the paddle can pivot
forward to make the waves of varying energy

«  6"Ruler
Scissors to cut the plastic for the paddle

Tape to attach the skewers onto the plastic paddle
(narrow strapping packaging tape)

* If using the Linus™ Deep Drawer Binz Clear, use the
pattern on Page 4.

Figure 1: Lengthwise view into the wave “tank”. Upper skewer
rides along the top of the tank. Lower skewer fits just inside the
bottom of the tank.




Figure 2: Green landform in the tank.

Figure 4: Side view of the wave tank.

Change the slope of the near-coast bathymetry

Use pieces of wood such as 1 X 1 or paint stirring sticks.
For a gentle slope, the back of the container was raised 5
cm, for a steep slope; raise the back of the container 8 cm.
Adjust the water so that it just touches the edge of the clay
at the mid-point of the container. The gentle slope used 8
oz. of water and the steep slope used 12 oz. of water.

To change the energy of the wave: Limit the distance the
base of the paddle can pivot forward by wedging a skewer
(14.3 cm) across the width of the container at water level.
For a low-energy tsunami wave, the restraining bar was
placed 2.5 cm away from the paddle standing vertically
touching the front wall of the container. For a high-energy
tsunami energy wave, the restraining bar was placed 4 cm
from the paddle.



14 cm

11.9cm

Paddle pattern for Linus™ Deep Drawer
Binz Clear 6" x 16" x 5" Product code:
10059915 (The Container Store) $16.99

11.9cm

13.9cm

NOTE! This document MUST print at ACTUAL SIZE in order for the

paddle pattern to be the correct size!

During Print:

Change the print settings to “Actual size” as
shown in image at right

Measure twice; cut once:

Be sure to measure the printed pattern to
check for accurate measurements

\

Screen grab from Acrobat:

® |n the Print dialog box, click Size and then specify the scaling options.
Page Sizing & Handling (i)
’ [15] Size J“ B:? Poster l @ Multiple

Fit
> O Actual size

[ [5] Booklet l

_ Shrink oversized pages

~ Custom Scale:  [100 %

"] Choose paper source by PDF page size




Ideas for Tsunami Wave Tank Variables to Explore
1. How do coastal land features affect tsunami run-up?
Variables: straight coastline vs. a coastline with a stream, river, or inlet

L

2. How would mountains or cliffs around a coastal river affect tsunami run-up?
Variables: cliffs or mountains vs. flat terrain around a river

EEn

3. How does the size of the river or inlet at a coastline affect tsunami run-up?
Variables: wide river vs. narrow river

e

4. How does the angle of a bay or inlet in relation to coastline affect tsunami run-up?
Variables: inlet perpendicular to the coastline vs. inlet at an angle

I

5. How does the shape of a river at a coastline affect tsunami run-up?
Variables: straight river vs. meandering river

IVRED

6. How do islands, sea stacks, or sea wall affect tsunami run-up on a coastline?
Variables: islands vs. no islands off a coastline

~————— T

OO

7. How does the amount of energy in a tsunami wave affect tsunami run-up?

Variables: lower energy waves vs. higher energy waves
/

Side view

8. How does the slope of the near shore ground underwater affect tsunami run-up?
Variables: shallow slope angle vs. steep slope angle

‘ Side view
N :




Investigating Factors Affecting Tsunami Inundation

Name: Period:

Investigate how coastal landforms affect how far a tsunami travels inland.

Part One: Forming a Question or Hypothesis

1. Why isit important to understand tsunami wave inundation?

2. Consider the list of variables that the class has brainstormed or your teacher has given

you.
a. Which question are you investigating?

b. What two variables are you testing?

c. Draw and label sketches to show how you will use the tsunami wave box to test
the two variables you selected.

3. Write a hypothesis predicting what you expect to see.



Part Two: Investigate & Collect Information

Use the materials provided to create your first landscape. Once it is complete, run multiple
tests, being sure to keep all other variables the same (water depth, box slope, tsunami
strength). Use toothpicks to mark the location of wave inundation, and then use the toothpicks
to measure the distance the wave made it inland. You may also record a video of your tsunami
in slow motion to help with recording observations.

What is your first variable tested?

Test Run-Up Measurements (cm) Observations

1

Draw and label a top view sketch showing tsunami wave inundation on your landscape:

Once you are finished testing your first variable, make adjustments to your tsunami wave tank
to test the second variable. Once it is complete, run multiple tests, being sure to keep all other
variables the same (water depth, box slope, tsunami strength). Use toothpicks to mark the
location of wave inundation, and then use the toothpicks to measure the distance the wave
made it inland. You may also record a video of your tsunami in slow motion to help with
recording observations.

SW-2



Second Variable Tested:

Test Run-Up Measurements (cm) Observations

1

Draw and label a top view sketch showing tsunami wave inundation on your landscape:

Based on what you observed, how would you answer your initial question (2a)?



Part Three: Conclusion

1. Write a paragraph that restates your hypothesis and whether or not you were correct.
Use your measurements and observations as evidence to support your conclusion.

2. Atthe end of class groups will rotate and share observations and conclusions with each
other. Record the conclusions from three different groups below:

Clean Up

Clean up your space. Carefully empty the water into a sink, tidy up your tank, organize your
materials, and wipe down your table.

Have your teacher initial that your group has properly cleaned up:

SW-4



Investigating Factors Affecting Tsunami Inundation

Name: Period:

Investigate how coastal landforms affect how far a tsunami travels inland.
Suggested points and evaluation criteria below.

Part One: Identify a Hypothesis and Design Investigation

1. Why isit important to understand tsunami wave inundation?
2 pnt — identifies that many coastal regions have tsunami hazard AND that we need to know if
some areas have greater hazard than others
1 pnt — one or the other of the above
Note: many low-lying coastal areas around the globe are at risk of tsunami. Subduction zones
have the greatest hazard as the can have large locally-generated ones from large-magnitude
earthquakes. However, even if passive margins there can be hazard from landslide or volcano-
generated tsunami or distant tsunami that travel thousands of kilometers. This activity gives
students the chance to practice science inquiry, while learning more about how differences in
the shape of a coast and lead to some areas have greater inundation. It can underpin
subsequent activities on community resilience planning.

2. Consider the list of variables that the class has brainstormed or your teacher has given
you.
a. Which question are you investigating?
1 pnt

b. What two versions of the variable are you testing?
2 pnts — clearly explains the difference between the two versions of the variable
1 pnt — partially explains the different between the two versions of the variable

c. Draw and label sketches to show how you will use the tsunami wave box to test
the two versions of the variable you selected.
2 pnts — sketch is understandable and illustrates the two variable versions to be investigated
1 pnt — only 1 variable and/or difficult to understand

AK-1



3. Write a hypothesis predicting what you expect to see.
2 pnts — hypothesis is clearly stated and matches stated variables
0-1 pnt — writing not clear or not well matched to stated variables

Part Two: Collect and Analyze Data

Use the materials provided to create your first landscape. Once it is complete, run multiple
tests, being sure to keep all other variables the same (water depth, box slope, tsunami
strength). Use toothpicks to mark the location of wave inundation, and then use the toothpicks
to measure the distance the wave made it inland. You may also record a video of your tsunami
in slow motion to help with recording observations.

What is your first variable tested?
5 pnts — measurements & observations included; 1 pnt per one done well

Test Run-Up Measurements (cm) Observations

1

Draw and label a top view sketch showing tsunami wave inundation on your landscape:

2 pnts — sketch is understandable and illustrates the set up well
0-1 pnt — incomplete and/or difficult to understand

AK-2



Once you are finished testing your first variable, make adjustments to your tsunami wave tank
to test the second variable. Once it is complete, run multiple tests, being sure to keep all other
variables the same (water depth, box slope, tsunami strength). Use toothpicks to mark the
location of wave inundation, and then use the toothpicks to measure the distance the wave
made it inland. You may also record a video of your tsunami in slow motion to help with
recording observations.

What is your second variable tested?

5 pnts — measurements & observations included; 1 pnt per one done well

Test Run-Up Measurements (cm) Observations

1

Draw and label a top view sketch showing tsunami wave inundation on your landscape:

2 pnts — sketch is understandable and illustrates the set up well
0-1 pnt — incomplete and/or difficult to understand

Based on what you observed, how would you answer your initial question (2a)?
2 pnts —answer matches observations and answers the question
0-1 pnt — poorly written or incomplete

AK-3



Part Three: Conclusion

1. Write a paragraph that restates your hypothesis and whether or not you were correct.
Use your measurements and observations as evidence to support your conclusion.

Total 4 pnts

1 pnt - restates hypothesis

1 pnt - clearly states if initial prediction was correct or not
2 pnts - thoroughly supports the conclusion with evidence

2. Atthe end of class groups will rotate and share observations and conclusions with each
other. Record the conclusions from three different groups below:

3 possible points
1 pnt per other group’s conclusion clearly stated

Clean Up

Clean up your space. Carefully empty the water into a sink, tidy up your tank, organize your
materials, and wipe down your table.

Have your teacher initial that your group has properly cleaned up:

AK-4





