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9. Daily tip for running science class discussions and groupwork.

News
National Center for Atmospheric Research (NCAR): 11-Dec-2006, 14:00 ET, Newswise. 

Ice-free Arctic

The Arctic Ocean could become nearly free of ice in the summertime by 2040. This is the prediction of new research published in the December 12 issue of Geophysical Research Letters.

The study is by a team of scientists from the National Center for Atmospheric Research (NCAR), the University of Washington, and McGill University. They have analyzed the impact of greenhouse gas emissions on the Arctic. 

The scientists ran different scenarios on supercomputers. These showed that the ice on the surface of the Arctic Ocean could disappear so suddenly that it would be retreating four times faster than at any time in the observed record. This could happen in just 20 years.

We have already seen great losses in sea ice, says NCAR scientist Marika Holland, the study's lead author. “But our research suggests that the decrease over the next few decades could be far more dramatic than anything that has happened so far. These changes are surprisingly rapid.”

The research was funded by the National Science Foundation and by NASA. 

Arctic sea ice has retreated in recent years, especially in late summer, when ice thickness and area are at a minimum. To see how global warming will affect the ice in coming decades, the team studied a series of seven different simulations.

These were run on the Community Climate System Model. This is one of the world's leading tools for studying climate change. The scientists first tested the model on fluctuations in the amount of ice since 1870. These included a large shrinking of late-summer ice from 1979 to 2005. 

The results of the simulations closely matched observations. This showed that it was an accurate model of climate variability in the Arctic.

The team then simulated future ice loss. They looked at what would happen if greenhouse gases continued to build up in the atmosphere at the current rate. The model showed that the Arctic's ice cover will go through some periods of stability. But these will be followed by an abrupt retreat. 

In one simulation for example, the September ice shrinks from 2.3 million to 770,000 square miles in a 10-year period. By 2040 only a small amount of permanent sea ice remains along the north coasts of Greenland and Canada.

Most of the Arctic is ice-free in September. The winter ice also thins from 12 feet thick to less than 3 feet thick.

Why expect abrupt change?

The research team points to several reasons for the sudden loss of ice in a gradually warming world. Open water absorbs more light and heat from the sun than does ice. So a bigger area of open water will speed the warming up. 

Also global climate change is expected to affect ocean currents. It will drive warmer ocean currents into the Arctic.

As the ice retreats the ocean carries more heat to the Arctic, Holland explains. “The open water absorbs more sunlight, further accelerating the rate of warming and leading to the loss of more ice.

“This is a positive feedback loop with dramatic implications for the entire Arctic region.”

Avoiding abrupt change

The scientists also conclude that different rates of greenhouse gas emissions can affect the likelihood of abrupt ice loss. They examined 15 leading climate models. These showed that if emissions of carbon dioxide and other greenhouse gases were to slow, the likelihood of rapid ice loss would fall. 

Instead, summer sea ice would retreat much more slowly. “Our research indicates that society can still minimize the impacts on Arctic ice,” Holland says.

Title: Future Abrupt Reductions in the Summer Arctic Sea Ice

Authors: Marika M. Holland, Cecilia M. Bitz, and Bruno Tremblay

Publication: Geophysical Research Letters, December 12, 2006 

700 words

Flesch reading ease: 56.3

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 an exercise in matching words and meanings. 

Teachers may choose to provide some or all of the meanings to help pupils read and understand the story. An approach that leads to better learning is to ask pupils to complete as much of Activity 1 as possible during their first encounter with the text.

By tackling this exercise and those that follow - which are known collectively 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
absorb
take in; swallow up

2
accelerate
speed up

3
accurate
without error

4
analyzed
studied the parts something is made of, and how they work together

5
carbon dioxide
a gas present at low levels in the atmosphere. It is produced by burning coal, oil and gas. It is a greenhouse gas.

6
decrease
become smaller

7
dramatic
exciting and impressive

8
emission
something given off

9
fluctuations
changes up or down over time

10
global warming
an increase in average temperature over the whole Earth

11
greenhouse effect
radiation from the sun passes easily through the atmosphere. Radiation from the Earth does not get back out so easily, because greenhouse gases absorb it. This means some energy gets trapped and makes the Earth warmer.

12
greenhouse gas
the gases in the Earth's atmosphere that cause the greenhouse effect: mainly water vapor, carbon dioxide and methane

13
impact
collision; influence or effect

14
implications
consequences; effects on how we think about something

15
minimize 
make as small as possible

16
minimum
least or smallest

17
model
short for “mathematical model”, this is a set of equations, which can be solved, usually on a computer, to learn how something behaves. Scientists develop and use models of all sorts of things - dinosaurs, hurricanes, bridges, buildings, and even people.

18
observation
accurate watching and recording; a measurement

19
observed
seen and noticed, especially in science

20
permanent
lasting forever or a very long time

21
positive feedback
where the results of something cause more of it; this can lead to runaway change

22
prediction
a thing that has been said will happen before it does; a forecast

23
radiation
particles or waves that carry energy and are given out by something

24
record
information stored in some way that can be read or studied later

25
retreat
withdraw

26
scenario
possible series of events

27
simulate
run a model, usually on a computer, to see what happens

28
simulation
working model, usually on a computer

29
stability
ability to recover if disturbed

30
supercomputer
one of the fastest, most powerful computers around

31
variability
change over time

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
accelerate
take in; swallow up


2
model
speed up


3
simulation
without error


4
analyzed
studied the parts something is made of, and how they work together


5
minimize 
a gas present at low levels in the atmosphere. It is produced by burning coal, oil and gas. It is a greenhouse gas.


6
retreat
become smaller


7
global warming
exciting and impressive


8
greenhouse gas
something given off


9
permanent
changes up or down over time


10
record
an increase in average temperature over the whole Earth


11
simulate
radiation from the sun passes easily through the atmosphere. Radiation from the Earth does not get back out so easily, because greenhouse gases absorb it. This means some energy gets trapped and makes the Earth warmer.


12
supercomputer
the gases in the Earth's atmosphere that cause the greenhouse effect: mainly water vapor, carbon dioxide and methane


13
minimum
collision; influence or effect


14
carbon dioxide
consequences; effects on how we think about something


15
implications
make as small as possible


16
absorb
least or smallest


17
greenhouse effect
short for “mathematical model”, this is a set of equations, which can be solved, usually on a computer, to learn how something behaves. Scientists develop and use models of all sorts of things - dinosaurs, hurricanes, bridges, buildings, and even people.


18
observation
accurate watching and recording; a measurement


19
fluctuations
seen and noticed, especially in science


20
scenario
lasting forever or a very long time


21
positive feedback
where the results of something cause more of it; this can lead to runaway change


22
prediction
a thing that has been said will happen before it does; a forecast


23
variability
particles or waves that carry energy and are given out by something


24
stability
information stored in some way that can be read or studied later


25
accurate
withdraw


26
decrease
possible series of events


27
radiation
run a model, usually on a computer, to see what happens


28
dramatic
working model, usually on a computer


29
emission
ability to recover if disturbed


30
impact
one of the fastest, most powerful computers around


31
observed
change over time


Activity 2

Comprehension 

1. What caused the Palaeocene-Eocene Thermal Maximum?

2. When did it begin?

3. By how much did the temperature of the Earth rise?

4. How long did this warmer climate last?

5. State two effects the warming had.

6. What two questions had not been answered before this latest research?

7. Which of these questions does this research help to answer?

8. Which question is still not answered?

9. The writer suggests two possible answers to this question. State one of them.

10. Caldeira says “We can tell it didn't take all that much carbon to make this change in climate.” How can they tell? (Hint: look back a few paragraphs.)

11. According to the new research, if levels of carbon dioxide in the atmosphere doubled, by how much at least would the temperature increase?

12. If present trends of burning coal, oil and gas continue by how much would you expect the Earth's temperature to rise by 2050?

13. There was more carbon dioxide in the atmosphere at the time of the Palaeocene-Eocene Thermal Maximum than now. How soon will we be back to those levels?

14. By thinking about what happened to plant and animal species then, what do you think might happen to them now?

15. Can you explain what “ecological devastation” means?

16. When the scientists talk about winners and losers, what is it that happens to the losers?

17. What does Caldeira mean by a “clean” energy source?

18. In just one sentence what is the main finding of this new research?

19. What is the main prediction of the research?

20. What was the main aim of doing the work?

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.

Ice-free Arctic

The Arctic Ocean could become nearly free of ___ in the summertime by 2040. This is the prediction __ new research published in the December 12 issue of ___________ Research Letters.

The study is by a team of scientists ____ the National Center for Atmospheric Research (NCAR), the University __ Washington, and McGill University. They have analyzed the impact __ greenhouse gas emissions on the Arctic. 

The scientists ran different _________ on supercomputers. These showed that the ice on the _______ of the Arctic Ocean could disappear so suddenly that it _____ be retreating four times faster than at any time __ the observed record. This could happen in just 20 _____.

We have already seen great losses in sea ice, ____ NCAR scientist Marika Holland, the study's lead author. “But ___ research suggests that the decrease over the next few _______ could be far more dramatic than anything that has ________ so far. These changes are surprisingly rapid.”

The research was ______ by the National Science Foundation and by NASA. 

Arctic ___ ice has retreated in recent years, especially in late ______, when ice thickness and area are at a _______. To see how global warming will affect the ___ in coming decades, the team studied a series of _____ different simulations.

These were run on the Community Climate System _____. This is one of the world's leading tools ___ studying climate change. The scientists first tested the model __ fluctuations in the amount of ice since 1870. These ________ a large shrinking of late-summer ice from 1979 to ____. 

The results of the simulations closely matched observations. ____ showed that it was an accurate model of climate ___________ in the Arctic.

The team then simulated future ice loss. ____ looked at what would happen if greenhouse gases continued __ build up in the atmosphere at the current rate. ___ model showed that the Arctic's ice cover will go _______ some periods of stability. But these will be followed __ an abrupt retreat. 

In one simulation for example, the _________ ice shrinks from 2.3 million to 770,000 square miles __ a 10-year period. By 2040 only a small amount __ permanent sea ice remains along the north coasts of _________ and Canada.

Most of the Arctic is ice-free in September. ___ winter ice also thins from 12 feet thick to ____ than 3 feet thick.

Why expect abrupt change?

The research team ______ to several reasons for the sudden loss of ice __ a gradually warming world. Open water absorbs more light ___ heat from the sun than does ice. So a ______ area of open water will speed the warming up. 

Also global climate change is expected to affect ocean ________. It will drive warmer ocean currents into the ______.

As the ice retreats the ocean carries more heat __ the Arctic, Holland explains. “The open water absorbs more ________, further accelerating the rate of warming and leading __ the loss of more ice.

“This is a positive feedback ____ with dramatic implications for the entire Arctic region.”

Avoiding abrupt _______

The scientists also conclude that different rates of greenhouse ___ emissions can affect the likelihood of abrupt ice loss. ____ examined 15 leading climate models. These showed that if _________ of carbon dioxide and other greenhouse gases were to ____, the likelihood of rapid ice loss would fall. 

Instead, summer sea ice would retreat much more slowly. ____ research indicates that society can still minimize the impacts __ Arctic ice,” Holland says.

These are all the words that belong in the blanks:

2005, “Our, and, Arctic, bigger, by, change, currents, decades, emissions, for, from, funded, gas, Geophysical, Greenland, happened, ice, ice, in, in, in, included, less, loop, minimum, Model, of, of, of, of, on, on, our, points, says, scenarios, sea, September, seven, slow, summer, sunlight, surface, The, The, They, They, This, through, to, to, to, variability, would, years

Answer Key:

Ice-free Arctic

The Arctic Ocean could become nearly free of ice in the summertime by 2040. This is the prediction of new research published in the December 12 issue of Geophysical Research Letters.

The study is by a team of scientists from the National Center for Atmospheric Research (NCAR), the University of Washington, and McGill University. They have analyzed the impact of greenhouse gas emissions on the Arctic. 

The scientists ran different scenarios on supercomputers. These showed that the ice on the surface of the Arctic Ocean could disappear so suddenly that it would be retreating four times faster than at any time in the observed record. This could happen in just 20 years.

We have already seen great losses in sea ice, says NCAR scientist Marika Holland, the study's lead author. “But our research suggests that the decrease over the next few decades could be far more dramatic than anything that has happened so far. These changes are surprisingly rapid.”

The research was funded by the National Science Foundation and by NASA. 

Arctic sea ice has retreated in recent years, especially in late summer, when ice thickness and area are at a minimum. To see how global warming will affect the ice in coming decades, the team studied a series of seven different simulations.

These were run on the Community Climate System Model. This is one of the world's leading tools for studying climate change. The scientists first tested the model on fluctuations in the amount of ice since 1870. These included a large shrinking of late-summer ice from 1979 to 2005. 

The results of the simulations closely matched observations. This showed that it was an accurate model of climate variability in the Arctic.

The team then simulated future ice loss. They looked at what would happen if greenhouse gases continued to build up in the atmosphere at the current rate. The model showed that the Arctic's ice cover will go through some periods of stability. But these will be followed by an abrupt retreat. 

In one simulation for example, the September ice shrinks from 2.3 million to 770,000 square miles in a 10-year period. By 2040 only a small amount of permanent sea ice remains along the north coasts of Greenland and Canada.

Most of the Arctic is ice-free in September. The winter ice also thins from 12 feet thick to less than 3 feet thick.

Why expect abrupt change?

The research team points to several reasons for the sudden loss of ice in a gradually warming world. Open water absorbs more light and heat from the sun than does ice. So a bigger area of open water will speed the warming up. 

Also global climate change is expected to affect ocean currents. It will drive warmer ocean currents into the Arctic.

As the ice retreats the ocean carries more heat to the Arctic, Holland explains. “The open water absorbs more sunlight, further accelerating the rate of warming and leading to the loss of more ice.

“This is a positive feedback loop with dramatic implications for the entire Arctic region.”

Avoiding abrupt change
The scientists also conclude that different rates of greenhouse gas emissions can affect the likelihood of abrupt ice loss. They examined 15 leading climate models. These showed that if emissions of carbon dioxide and other greenhouse gases were to slow, the likelihood of rapid ice loss would fall. 

Instead, summer sea ice would retreat much more slowly. “Our research indicates that society can still minimize the impacts on Arctic ice,” Holland

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.)

Ice-free Arctic

The Arctic Ocean could become nearly free of ice in the summertime by 2040. This is the prediction of new research published in the December 12 issue of Geophysical Research Letters.

The study is by a team of scientists from the National Center for Atmospheric Research (NCAR), the University of Washington, and McGill University. They have analyzed the impact of greenhouse gas emissions on the Arctic. 

The scientists ran different scenarios on supercomputers. These showed that the ice on the surface of the Arctic Ocean could disappear so suddenly that it would be retreating four times faster than at any time in the observed record. This could happen in just 20 years.
We have already seen great losses in sea ice, says NCAR scientist Marika Holland, the study's lead author. “But our research suggests that the decrease over the next few decades could be far more dramatic than anything that has happened so far. These changes are surprisingly rapid.”

The research was funded by the National Science Foundation and by NASA. 

Arctic sea ice has retreated in recent years, especially in late summer, when ice thickness and area are at a minimum. To see how global warming will affect the ice in coming decades, the team studied a series of seven different simulations.

These were run on the Community Climate System Model. This is one of the world's leading tools for studying climate change. The scientists first tested the model on fluctuations in the amount of ice since 1870. These included a large shrinking of late-summer ice from 1979 to 2005. 

The results of the simulations closely matched observations. This showed that it was an accurate model of climate variability in the Arctic.
The team then simulated future ice loss. They looked at what would happen if greenhouse gases continued to build up in the atmosphere at the current rate. The model showed that the Arctic's ice cover will go through some periods of stability. But these will be followed by an abrupt retreat. 

In one simulation for example, the September ice shrinks from 2.3 million to 770,000 square miles in a 10-year period. By 2040 only a small amount of permanent sea ice remains along the north coasts of Greenland and Canada.

Most of the Arctic is ice-free in September. The winter ice also thins from 12 feet thick to less than 3 feet thick.

Why expect abrupt change?

The research team points to several reasons for the sudden loss of ice in a gradually warming world. Open water absorbs more light and heat from the sun than does ice. So a bigger area of open water will speed the warming up. 

Also global climate change is expected to affect ocean currents. It will drive warmer ocean currents into the Arctic.

As the ice retreats the ocean carries more heat to the Arctic, Holland explains. “The open water absorbs more sunlight, further accelerating the rate of warming and leading to the loss of more ice.

“This is a positive feedback loop with dramatic implications for the entire Arctic region.”
Avoiding abrupt change

The scientists also conclude that different rates of greenhouse gas emissions can affect the likelihood of abrupt ice loss. They examined 15 leading climate models. These showed that if emissions of carbon dioxide and other greenhouse gases were to slow, the likelihood of rapid ice loss would fall. 

Instead, summer sea ice would retreat much more slowly. “Our research indicates that society can still minimize the impacts on Arctic ice,” Holland says.
Activity 5
Topics for group discussion or pupil presentations

As Arctic sea-ice disappears, the open water it leaves absorbs more light and heat. So the Earth gets even warmer. 

“This is a positive feedback loop with dramatic implications for the entire Arctic region,” Holland says.

The New Scientists article at www.newscientist.com/article/mg19125713.300 contains a recent report on several pieces of research that point to other positive feedback loops in global warming.

Working in groups pupils should study this report, find as many examples as they can and present them to the class.

They should also explain why the word loop is used.

Can they think of any examples of positive feedback loops from their everyday lives?

[Note: With a Flesch reading ease of less than 40, this article is tough going for schoolkids. But the positive feedback examples it contains are not too hard to understand. These are contained in paragraphs 3, 8, 9, 10 and 11. ] 

This exercise demonstrates again that understanding every word of a piece of text is not necessary for learning.

Links to free activities, lesson plans and background information.

1. www.ucar.edu/news/releases/2006/arcticvisuals.shtml Animation based on simulations by the Community Climate System Model, which shows the year-to-year variability of Arctic sea ice. For most of 20th century the model accurately captures the growth and shrinking of the ice from one late summer to the next, based on natural climate. By the end of the 20th century, though, the ice began to retreat greatly because of global warming.

2. www.teachersdomain.org/resources/tdc02/sci/ess/watcyc/graphairgas/index.html This set of graphs from the NOVA/FRONTLINE Web site “What's Up with the Weather?” illustrates climate and atmosphere events in Earth's distant and not-so-distant past. It suggests that human activities have affected the world's climate.

3. www.nasa.gov/vision/earth/environment/seaice_meltdown.html “The Arctic winter wonderland, known for its icy waterways and white snowy scenery, is experiencing record low sea ice in the last two years.” In a new NASA study, scientists have used satellites to observe warm winter temperatures and a shortening of the Arctic ice season.

4. www.teachersdomain.org/resources/ess05/sci/ess/watcyc/icemelt/index.html Interactive resource adapted from NOVA Online, showing what might happen to world coastlines if whole sections of the Antarctic ice sheet were to melt.

5. http://nsidc.org/news/press/20060404_winterrecovery.html “March 2006 shows the lowest Arctic winter sea ice extent since the beginning of the satellite record in 1979.” 

6. http://nsidc.org/seaice/intro.html Sea ice background. Good for discussion?

7. www.teachersdomain.org/resources/tdc02/sci/ess/earthsys/warmingweb/index.html Your carbon diet. In this interactive activity from FRONTLINE/NOVA see where energy is wasted in a typical home, and learn how to make your home more energy efficient

8. www.teachersdomain.org/resources/ess05/sci/ess/earthsys/globalqz/index.html This interactive quiz from NOVA tests users' knowledge of present-day consumption and living conditions. Annotated answers identify trends in prosperous and less-prosperous nations.

9. www.teachersdomain.org/resources/ess05/sci/ess/earthsys/esglaciers/index.html Video segment adapted from NASA's Goddard Space Flight Center. It shows the effect of global warming on glacial ice.

10. http://nsidc.org/cgi-bin/words/topic.pl?sea%20ice Sea ice glossary.

11. http://sciencebulletins.amnh.org/earth/v/si.20040625/activities/activity_1.php Sea ice is one of many indicators scientists use to monitor the condition of our planet. The visualization shows thawing and freezing of sea ice from 1993 to the present. Spot the significant changes.

12. http://sciencebulletins.amnh.org/earth/v/si.20040625/index.php Video illustrates seasonal patterns and long-term changes in sea ice distribution across the Arctic. Draws data from satellite instruments that measure emitted microwave radiation, which helps distinguish open ocean from ice.

Link to more links

http://podcasting.arizona.edu/globalclimatechange.html Global warming podcasts from University of Arizona.

Daily tip for science class discussions and groupwork

A recent systematic review of 'context-based' approaches to secondary school science (those which make explicit links between science, technology and society) suggests that these approaches can encourage significantly more positive attitudes to science learning than 'traditional' methods (and further, that such approaches helped to narrow the gap between boys' and girls' attitudes towards science learning). The same review suggests that there is some evidence that such approaches can also improve conceptual understandings of science and scientific phenomena. 

They can encourage productive interactions amongst learners and between learners and teachers, in the form of collective problem-solving, planning, decision-making, and discussion.

From NESTA Research Report (2005). Real science: Encouraging experimentation and investigation in school science learning. 
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