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News
University of Southern California: 4-Dec-2006 17:00 Eastern US Time, Eurekalert. 

Tsunami

Another tsunami is likely to flood densely populated parts of western Sumatra within the next few decades.

This is the prediction of research into earthquakes by scientists at the University of Southern California and Caltech. They have modeled how past quakes have flooded cities along that coast. Their idea is that detailed understanding of future waves could save many lives. 

The work will appear in the Proceedings of the National Academy of Sciences (PNAS) on December 4.

“The message of the 2004 tsunami has not been lost, at least in academia,” said Costas Synolakis. He is director of the USC Viterbi School of Engineering Tsunami Reseach Center. “We are trying to prevent a similar disaster.”

Kerry Sieh of Caltech explains what happens when they tell people on the Sumatran coast that a big tsunami is likely in their lifetime: “They ask for details. 

“How much time after the earthquake will they have before the tsunami strikes? How big will the waves be? How far inland should they run? What areas are likely to suffer tsunami damage?

“We can't answer these important questions without doing the work we did for this paper.”

The same big fault that caused the tsunami of 2004 stretches beneath the Indian ocean. It reaches as far as the southwest coast of Sumatra. It is called a megathrust.

Rupture of this part of the megathrust, under the Mentawai islands, produced two great earthquakes in 1797 and 1833. These quakes in turn caused tsunamis. Events like this seem to happen roughly every 230 years.

Samples of coral from the islands showed how much these earlier quakes lifted the sea floor. This gave the scientists information they could use in computer simulations of past tsunamis. 

The impact of these tsunamis, as predicted by the computer model, matches the historical records. This gave the researchers confidence. It meant they could use the same model to find out what might happen in future. 

USC's Jose Borrero, the senior author, says the results “confirm a substantial exposure of coastal Sumatran communities to tsunami surges.” 

In the model the coastal city of Bengkalu was flooded for several kilometers inland. This city has a population of 350,000,

The 1797 tsunami carried a 200-tonne English ship one kilometer into the larger city of Padang. Smaller vessels were carried even further. 

“The population of Padang in 1797 and 1833 was a few thousand,” Sieh says. It is now 800,000. Most of these live within a few meters of sea level.” 

The scientists hope their initial results will help focus educational efforts and preparations for emergency, says Sieh. He believes that “changes in the basic infrastructure of cities and towns along the Sumatran coast” could save many lives. 

450 words

Flesch reading ease: 54

Flesch-Kincaid Grade level: 8.9

Word bank

Pupils will not know some of the words used in the text. Meanings are given below, followed by a table mixed randomly - to provide an exercise in matching words and meanings. 

By tackling this and the exercises that follow - which are known as directed activities related to texts (DARTs) - pupils can engage with a piece of writing, and learn a great deal from it, even when many of its ideas and words are unfamiliar to them.


Word
Meaning

1
confidence
feeling that something is right

2
coral
hard substance formed by the skeletons of tiny sea creatures clumped together

3
crust
rocky outer layer of the Earth

4
decade
ten years

5
densely populated
having large numbers of people living there, for the amount of space available. Cities are densely populated.

6
earthquake
violent movement of part of the earth's surface

7
exposure
being unprotected or open to something harmful

8
fault
break in a layer of rock caused by movement of the Earth's crust

9
historical record
written information about the past

10
impact
collision; influence or effect

11
infrastructure
the basic services and systems a city needs - roads, buildings, power supplies, etc.

12
inland
away from the coast

13
model
short for “mathematical model”. A set of equations that can be solved, usually on a computer, to learn how something behaves.

14
modeled
set up and studied a model of

15
populated
inhabited

16
predicted
said what will happen

17
prediction
a thing that has been said will happen before it does; a forecast

18
preparation
getting ready

19
rupture
a break or burst

20
sample
small amount used to tell what the whole thing is like

21
similar
nearly the same; of the same kind

22
simulation
working model, usually on a computer

23
substantial
of great size or importance

24
tsunami
huge sea wave caused by underwater earthquake or volcano

Activity 1

Mixed-up meanings

Pupils should try to fill in the blanks in the final column with the words that match the meanings. The words needed are listed, randomly mixed, in the first column.

This exercise should not be tackled in isolation, but by a reader with access to the story itself: The contexts in which words are used provide powerful clues to their meanings. 


Word
Meaning
Word should be

1
impact
feeling that something is right


2
preparation
hard substance formed by the skeletons of tiny sea creatures clumped together


3
substantial
rocky outer layer of the Earth


4
densely populated
ten years


5
exposure
having large numbers of people living there, for the amount of space available. Cities are densely populated.


6
inland
violent movement of part of the earth's surface


7
sample
being unprotected or open to something harmful


8
coral
break in a layer of rock caused by movement of the Earth's crust


9
decade
written information about the past


10
confidence
collision; influence or effect


11
infrastructure
the basic services and systems a city needs - roads, buildings, power supplies, etc.


12
populated
away from the coast


13
simulation
short for “mathematical model”. A set of equations that can be solved, usually on a computer, to learn how something behaves.


14
tsunami
set up and studied a model of


15
historical record
inhabited


16
model
said what will happen


17
modeled
a thing that has been said will happen before it does; a forecast


18
predicted
getting ready


19
prediction
a break or burst


20
similar
small amount used to tell what the whole thing is like


21
earthquake
nearly the same; of the same kind


22
rupture
working model, usually on a computer


23
fault
of great size or importance


24
crust
huge sea wave caused by underwater earthquake or volcano


Activity 2

Comprehension 

1. What is the main prediction of this new research?

2. What was the main purpose of doing the work?

3. State two things people want to know when told another tsunami is on the way.

4. What is the only way to answer their questions?

5. The big fault in the Earth that caused the 2004 tsunami has also caused past tsunamis. How long ago were these?

6. What is the connection between earthquakes and tsunamis?

7. Can you explain in one sentence why they are connected in this way?

8. What did the scientists use to figure out how much the sea floor moved during past earthquakes?

9. Knowing how far the sea floor moved, their model could then work out the size of the tsunamis. What did the scientists use to check if these results were correct?

10. Were they correct?

11. What did the researchers do with their model once they had gained confidence in it?

12. What did the model show happening to the city of Bengkalu following a tsunami?

13. Can you explain briefly what “changes in the basic infrastructure of cities and towns along the Sumatran coast” might mean?

14. What work would you like do next if you were these scientists?

Activity 3

Find the missing word

Pupils should try to fill in the blanks using clues from the rest of the sentence. When in doubt, the length of each blank indicates the length of the missing word. A complete list of words that belong in the blanks is provided at the end of the passage.

Tsunami

Another tsunami is likely to flood densely populated parts __ western Sumatra within the next few decades.

This is the prediction __ research into earthquakes by scientists at the University of ________ California and Caltech. They have modeled how past quakes ____ flooded cities along that coast. Their idea is that ________ understanding of future waves could save many lives. 

The ____ will appear in the Proceedings of the National Academy __ Sciences (PNAS) on December 4.

“The message of the 2004 _______ has not been lost, at least in academia,” said ______ Synolakis. He is director of the USC Viterbi School __ Engineering Tsunami Reseach Center. “We are trying to prevent _ similar disaster.”

Kerry Sieh of Caltech explains what happens when ____ tell people on the Sumatran coast that a big _______ is likely in their lifetime: “They ask for details. 

“How much time after the earthquake will they have ______ the tsunami strikes? How big will the waves be? ___ far inland should they run? What areas are likely __ suffer tsunami damage?

“We can't answer these important questions without _____ the work we did for this paper.”

The same big _____ that caused the tsunami of 2004 stretches beneath the Indian ocean. It reaches as far __ the southwest coast of Sumatra. It is called a __________.

Rupture of this part of the megathrust, under the ________ islands, produced two great earthquakes in 1797 and 1833. _____ quakes in turn caused tsunamis. Events like this seem __ happen roughly every 230 years.

Samples of coral from the _______ showed how much these earlier quakes lifted the sea _____. This gave the scientists information they could use in computer simulations __ past tsunamis. 

The impact of these tsunamis, as predicted __ the computer model, matches the historical records. This gave ___ researchers confidence. It meant they could use the same _____ to find out what might happen in future. 

USC's ____ Borrero, the senior author, says the results “confirm a ___________ exposure of coastal Sumatran communities to tsunami surges.” 

In ___ model the coastal city of Bengkalu was flooded for _______ kilometers inland. This city has a population of 350,000,

The ____ tsunami carried a 200-tonne English ship one kilometer into ___ larger city of Padang. Smaller vessels were carried even _______. 

“The population of Padang in 1797 and 1833 ___ a few thousand,” Sieh says. It is now 800,000. ____ of these live within a few meters of sea _____.” 

The scientists hope their initial results will help _____ educational efforts and preparations for emergency, says Sieh. He ________ that “changes in the basic infrastructure of cities and _____ along the Sumatran coast” could save many lives. 

These are all the words that belong in the blanks:
1797, a, as, before, believes, by, Costas, detailed, doing, fault, floor, focus, further, have, How, islands, Jose, level, megathrust, Mentawai, model, Most, of, of, of, of, of, several, Southern, substantial, the, the, the, These, they, to, to, towns, tsunami, tsunami, was, work

Answer Key:

Tsunami

Another tsunami is likely to flood densely populated parts of western Sumatra within the next few decades.

This is the prediction of research into earthquakes by scientists at the University of Southern California and Caltech. They have modeled how past quakes have flooded cities along that coast. Their idea is that detailed understanding of future waves could save many lives. 

The work will appear in the Proceedings of the National Academy of Sciences (PNAS) on December 4.

“The message of the 2004 tsunami has not been lost, at least in academia,” said Costas Synolakis. He is director of the USC Viterbi School of Engineering Tsunami Reseach Center. “We are trying to prevent a similar disaster.”

Kerry Sieh of Caltech explains what happens when they tell people on the Sumatran coast that a big tsunami is likely in their lifetime: “They ask for details. 

“How much time after the earthquake will they have before the tsunami strikes? How big will the waves be? How far inland should they run? What areas are likely to suffer tsunami damage?

“We can't answer these important questions without doing the work we did for this paper.”

The same big fault that caused the tsunami of 2004 stretches beneath the Indian ocean. It reaches as far as the southwest coast of Sumatra. It is called a megathrust.

Rupture of this part of the megathrust, under the Mentawai islands, produced two great earthquakes in 1797 and 1833. These quakes in turn caused tsunamis. Events like this seem to happen roughly every 230 years.

Samples of coral from the islands showed how much these earlier quakes lifted the sea floor. This gave the scientists information they could use in computer simulations of past tsunamis. 

The impact of these tsunamis, as predicted by the computer model, matches the historical records. This gave the researchers confidence. It meant they could use the same model to find out what might happen in future. 

USC's Jose Borrero, the senior author, says the results “confirm a substantial exposure of coastal Sumatran communities to tsunami surges.” 

In the model the coastal city of Bengkalu was flooded for several kilometers inland. This city has a population of 350,000,

The 1797 tsunami carried a 200-tonne English ship one kilometer into the larger city of Padang. Smaller vessels were carried even further. 

“The population of Padang in 1797 and 1833 was a few thousand,” Sieh says. It is now 800,000. Most of these live within a few meters of sea level.” 

The scientists hope their initial results will help focus educational efforts and preparations for emergency, says Sieh. He believes that “changes in the basic infrastructure of cities and towns along the Sumatran coast” could save many lives. 

Activity 4

What kind of statement?

Students should read the news story on page 1 about the latest scientific research, and highlight phrases or sentences according to the following key (or any other way of indicating the different types of statement that can be done with the resources in their pockets or in your classroom):

Existing knowledge

Aims of the research

Technology and methods

New findings or developments

Hypothesis

Prediction

Evidence
Issues and applications

Normally no more than one phrase or sentence should be highlighted in each paragraph, unless the reader decides that a particular paragraph contains several really important ideas. 

Usually the decision will not be too difficult. But choosing between, say, hypotheses and new findings can sometimes be tricky. There isn't always an obviously right or wrong answer, even to the scientists themselves. 

Pupils should be encouraged not to agonize too long over their choice of statement type, but to be prepared to give reasons for their decisions. 

Note: A hypothesis is a “tentative explanation that leads to predictions that can be tested by experiment or observation”.

Answer Key: (This is an illustrative set of choices. There are many others.)
Tsunami

Another tsunami is likely to flood densely populated parts of western Sumatra within the next few decades.

This is the prediction of research into earthquakes by scientists at the University of Southern California and Caltech. They have modeled how past quakes have flooded cities along that coast. Their idea is that detailed understanding of future waves could save many lives. 

The work will appear in the Proceedings of the National Academy of Sciences (PNAS) on December 4.

“The message of the 2004 tsunami has not been lost, at least in academia,” said Costas Synolakis. He is director of the USC Viterbi School of Engineering Tsunami Reseach Center. “We are trying to prevent a similar disaster.”
Kerry Sieh of Caltech explains what happens when they tell people on the Sumatran coast that a big tsunami is likely in their lifetime: “They ask for details. 

“How much time after the earthquake will they have before the tsunami strikes? How big will the waves be? How far inland should they run? What areas are likely to suffer tsunami damage?

“We can't answer these important questions without doing the work we did for this paper.”

The same big fault that caused the tsunami of 2004 stretches beneath the Indian ocean. It reaches as far as the southwest coast of Sumatra. It is called a megathrust.

Rupture of this part of the megathrust, under the Mentawai islands, produced two great earthquakes in 1797 and 1833. These quakes in turn caused tsunamis. Events like this seem to happen roughly every 230 years.

Samples of coral from the islands showed how much these earlier quakes lifted the sea floor. This gave the scientists information they could use in computer simulations of past tsunamis. 

The impact of these tsunamis, as predicted by the computer model, matches the historical records. This gave the researchers confidence. It meant they could use the same model to find out what might happen in future. 

USC's Jose Borrero, the senior author, says the results “confirm a substantial exposure of coastal Sumatran communities to tsunami surges.” 

In the model the coastal city of Bengkalu was flooded for several kilometers inland. This city has a population of 350,000,

The 1797 tsunami carried a 200-tonne English ship one kilometer into the larger city of Padang. Smaller vessels were carried even further. 

“The population of Padang in 1797 and 1833 was a few thousand,” Sieh says. It is now 800,000. Most of these live within a few meters of sea level.” 

The scientists hope their initial results will help focus educational efforts and preparations for emergency, says Sieh. He believes that “changes in the basic infrastructure of cities and towns along the Sumatran coast” could save many lives. 

Activity 5
Topics for group discussion or pupil presentations

A. If you were one of the city officials running Bengkalu and the other cities that this new model predicts will be flooded by a huge tsunami in the next few decades, what preparations would you make now?

B. One research paper has this to say: “Long times between earthquakes can erase memories of how to survive their tsunamis. The region of the 1960 Chile earthquake had gone without such a quake since 1837. Except for Native American legends, memory of the 1700 Cascadia earthquake is limited to written records of its tsunami in Japan.” 

It is human nature not to worry about disasters that might not happen for a while. How many ways can you think of to capture people's interest - enough to get them to learn how to survive - in events like tsunamis that happen rarely but have devastating consequences?

C. By searching the web find answers to the following questions:

· What does “tsunami” mean? 

· What are the key differences between tsunamis and ordinary water waves? 

· How fast do tsunamis travel across the deep ocean?

· How do earthquakes generate tsunamis? 

· What happens to a tsunami as it approaches land? 

· What happens when a tsunami hits the land?

Links to free activities, lesson plans and background information.

1. http://serc.carleton.edu/NAGTWorkshops/visualization/collections/tsunami.html Instructive and absorbing tsunami visualizations and animations. 

2. www.teachersdomain.org/resources/ess05/sci/ess/watcyc/anatomytsunami/index.html Anatomy of a tsunami. Animation, text and discussion questions. Teachers' Domain. Simple registration required.

3. http://pubs.usgs.gov/circ/c1187/ Surviving a tsunami. “If you read nothing else read this.”

4. http://sciencebulletins.amnh.org/earth/f/tsunamis.20051001/index.phpTsunami science. “How tsunami researchers are trying to get ahead of the next big wave.” American Museum of Natural History.

5. http://science.howstuffworks.com/tsunami.htm How tsunamis work.

6. www.teachersdomain.org/resources/ess05/sci/ess/watcyc/wavefuture/index.html Wave of the future. Media-rich essay from NOVA Online on the challenges of installing a warning system for tsunamis.

7. www.teachersdomain.org/resources/ess05/sci/ess/watcyc/oncetsunami/index.html Once and future tsunamis. Animations, text and discussion questions.

8. http://earthobservatory.nasa.gov/NaturalHazards/natural_hazards_v2.php3?img_id=12647 High resolution satellite images. NASA
9. www.civildefence.govt.nz/memwebsite.nsf/Files/Tsunami_Hazard_report/$file/Final_Hazard_and_Risk_Report_part_6.pdf  “Numerical modeling of tsunami serves a double purpose: it allows us to estimate the effects of events which have yet to happen, and it enables us to evaluate our understanding of past tsunami.”
10. www.ngdc.noaa.gov/seg/hazard/tsu.shtml Tsunami database. National Geophysical Data Center

Links to links

The web is particularly rich in resources on tsunamis, ranging from visualizations and animations that convey both science and human impact, to classroom lessons and activities, discussions of research and advice on how to survive them. 

These are two links to useful places to start exploring these resources:

www.dlese.org/library/query.do?q=tsunami&s=0 Dozens of tsunami classroom resources from Digital Library for Earth System Education.

www.ess.washington.edu/tsunami/index.html General information about tsunamis, their causes and history, as well as what to do if one is on the way. University of Washington.

Daily tip for science class discussions and groupwork

Discussion with peers may serve a number of functions in the process of knowledge construction. It provides a forum in which previously implicit ideas can be made more explicit and available for reflection and checking. It provides a situation in which individuals have to clarify their own notions in the process of discussion with others. It can also provide an opportunity for individuals to build on each other's ideas in order to reach a solution.
Rosalind Driver et al. (1994) Making Sense of Secondary Science. Routledge, London.
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