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High school

Glaciers and the ice sheet is one out of six books associated with the ice floes in the exhibition at the Icefjord Centre.

Subjects
Intercurricular – science with focus on geography

Learning objectives
· The students gain knowledge about natural geography in relation to how the ice sheet affects the crust of the Earth.
· They acquire a special knowledge about how the climate changes affect the arctic areas.
· The students develop their modelling competences in science.

Organization
Let the students work in small groups, pairs or individually. Depending on what suits each student best and the competences to be developed. Keep in mind that your best friend is not necessarily the one you collaborate best with. Working together is about working together and not just being together.

About the material
The digital material is in Keynote format. If the students are not familiar with this program, the material can be downloaded in PowerPoint format.

The process consists of three stages:
· Introduction to the book Glaciers and the ice sheet
· Working with the chapters of the book
· Reflections on the process and further treatment of selected topics


Page by page guide

The book
Let the students explore Glaciers and the ice sheet. The book is the basis for the tasks the students will work on and the book referred to in the material. It contains five chapters, each of them divided into two or three sections.

To each section in the book some tasks are given for the students to solve. There is a text to read and then some questions to work on. The page references to the book and supplementary links may help the students to find answers. Encourage the students to think of more questions.

What method they use in solving their task depends on what they are familiar with – or they might learn a new method. You can choose: text, audio, image and/or drawing. If more room is needed for the answers, extra slides can be added.

Greenland’s ice sheet
This chapter has two sections. Here you can find supplementary information about the ice sheet and climate changes.

A country of ice
The students see a diagram of the ice sheet. Let them study it and talk with their partner about what they can read from this. And how far from the underground the top of the ice is. They can also, using a map, find out what towns lie to the east and what towns to the west.

After reading the text, the students are to work with these questions:
· What do the arrows on the model show? See pages 28-29.
· On page 15 is a map of Sermeq Kujalleq. What does it show?
· How can you obtain information about climate changes by studying the ice sheet and glaciers?

Explain or refresh the concepts ice cap, ice sheet, meltwater and glacier.

The last glacial period
The students see a model of the extension of ice during the last glacial period. Let them study the model. They could talk about the polar circle and what that is. What happens north and south of the arctic circle?

After reading the text, the students are to work with these questions:
· What information can be obtained from the ice cores?
· Besides the Weichselian and the Eemian, what other glacial and interglacial periods have there been and when?
· What areas were covered by a thick layer of ice during the Weichselian glaciation?

Explain or refresh what glacial and interglacial periods have occurred. Talk about climate and what information about the climate can be obtained by drilling ice cores out of the ice sheet.

The ice sheet’s hidden stories
This chapter has three sections. Supplementary information about Greenland rising because of the melting of the ice here. And about dinosaurs in Greenland here.

When Greenland was green
The students see a map of the vegetation in Greenland 2 million years ago. Let them study the picture and find a similar picture of Greenland today. Let them compare the two pictures and talk about what kind of animal life existed in Greenland 2 million years ago and what exists today.

After reading the text, the students are to work with these tasks:
· On the map (p. 37 in the book) different kinds of vegetation are indicated. Where in the world are these kinds of vegetation found today?
· Search the Internet to find out how Greenland got its name.
· Why is a warmer climate more favourable for some species, making them able to adapt better? Use this link.

Explain or refresh the concepts vegetation, layer of sediment, species and adaptation.

Dinosaurs lived in Greenland
The students see a reconstruction of the dinosaur whose bones have been found in Greenland. It is a not formerly known species and it has been named “issi saaneq”, meaning cold bones. Let the students study the picture and talk about what species of dinosaurs they know, and what else they know about dinosaurs.

After reading the text, the students are to work with these questions:
· What did the supercontinent Pangea look like? Search the Internet.
· Click this link to find out to whom issi saaneq is a predecessor.
· What type of climate existed in Greenland 450 million years ago?

Explain or refresh what the Earth looked like when there was a supercontinent and the development until today. Talk about climatic regions.

The landscape under the ice
The map shows how Greenland looks like under the ice. Let the students compare this with the one on page 37 in the book, showing Greenland 2 million years ago. Differences and similarities?

After reading the text, the students are to work with these questions:
· This model (page 40) shows Greenland's landscape under the ice sheet. How do you read the model?
· What is being drained in the model on page 41?
· Why would the bedrock rise if all of the ice sheet melted?

Explain or refresh the concepts earth crust and ice cap. Talk about the density of ice.

The enormous forces of the ice sheet
The chapter contains three sections.

Bullet-nose blocks
In the picture the students see bullet-nose blocks. Let them talk about what the landscape looks like; is it a landscape they have seen before or does it remind of something they have seen before?

After reading the text, the students are to work with these questions:
· What do you see in the picture on page 44?
· What can a bullet-nose block reveal?
· Why is it of interest to examine the direction of the ice thousands of years after it melted away?

Talk about how glacial areas can be researched to find information about the past. Let the students discuss what this information can be used for.

The ice flow is a powerful plane
The title compares the ice flow to a plane. Let the students discuss the reasons for this analogy. Let them use the models on page 46.

After reading the text, the students are to work with these tasks:
· Write a short text to the four models on page 46 like the one here explaining no. 4.
· What do you see on pages 48-49?
· On page 13 is a model visualizing the speed of the ice flows in Greenland. Compare the four glaciers shown.

Talk about making texts/captions for models and what they are used for. Talk about how to read science texts.

At question 3 the students study a model on page 13 in the book and compare the four glaciers. They can look at the speed shown in the model; they can also examine size and location of the four glaciers.

Melting and snowfall
In the picture you see a river created by meltwater on its way to the sea. Let the students talk about if the melting only occurs from above.

After reading the text, the students are to work with these questions:
· What happens when the melting of ice exceeds the addition of snow?
· Why has there in recent years been more melting of ice than addition of new snow?
· What countries would be affected if all of the ice sheet melted?

Talk about climate changes and about how it affects the global sea level that the ice sheet is melting at its present speed.

Reflections and further work
Hold a review in class where the students reveal what made them wonder, and what topics they found most interesting.
Let them choose a topic to study more closely. Ask them to give reasons for why and what they want to look into.

Show the chosen topics on the board/screen and introduce them. Let the students work in groups or pairs with their subjects. Some might prefer to work alone.

Their products can be presented as a book or a comic strip. Suitable digital formats are Book Creator and Pixton.

Colophon
The teaching material for the book Glaciers and the ice sheet has been developed for the Icefjord Centre in Ilulissat by Lotte Brinkmann and Daniella Maria Manuel, Anholt Læringsværksted.
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The texts, assignments and pictures can be shared, reproduced and adapted, with the proviso that “Glaciers and the ice sheet by the Icefjord Centre Ilulissat” is credited as the source.
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