Students’ worksheet for the toolkit  „Why is thawing permafrost dangerous for Earth’s climate?”
During the activity, fill in the following tasks.    
Task 1.
Have you ever heard about permafrost? Do you know, what it is? Or could you guess the meaning from the name? You may try to give your definition based on the parts - "perma" and "frost".
……………………………………………………………………………………………………………
....................................................................................................................................................
.................................................................................................................................................... 
Task 2.
After performing the demonstration with the ice form and the sand-and-earth form, write down your observations. What is the difference between both forms? How can you explain that? 
………………………………………………………………………………………………………………............
...................................................................................................................................................................
................................................................................................................................................................... 
...................................................................................................................................................................
................................................................................................................................................................... 
Task 3.
What are the most important greenhouse gases? .…………………………………………………………………..…………………………………………………
What is a positive feedback loop? Do you think it's a good thing? Do you know any examples?
…………........................………………………………………………..……………………………………
…………………………………………………………………………..…………………………………………
…………………………………………………………………………..…………………………………………
...................................................................................................................................................................
................................................................................................................................................................... 
Task 4.
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Create MIND MAP using predefined concepts and relations, you can also propose your own. The main idea is to describe relations between processes occurring with permafrost and affecting the climate. Identify causes and results, try to find POSITIVE FEEDBACK LOOPS.
Project office: Księcia Janusza 64, 01-452, Warsaw, Poland   edu-arctic2.eu  edukacja@igf.edu.pl 
EDU-ARCTIC 2: from polar research to scientific passion – innovative nature education in Poland and Norway receives a grant of ca. 240 000 EUR received from Iceland, Liechtenstein and Norway under EEA funds. The purpose of the EDU-ARCTIC 2 project is to: enhance the knowledge about nature, geography, natural resources, political specificities concerning polar regions and increase awareness of environmental issues and climate change, increase of interest in pursuing STEM education and careers due to enhancement of knowledge about scientific research, and their place in the modern world, familiarizing young people with scientific career opportunities; introduce innovative tools by way of an e-learning portal and effective methods of teaching science in schools.


  climate change
  rising temperature
  permafrost thawing
  thicker active layer
  methane release
  increase of CH2 concentration
  organic matter thaws
  organic matter decays




























Task 5.
How does a positive feedback loop work for permafrost and climate change? What happens when ...... 
Use hypothesis phrases (If, then) and selected keywords (temperature rises, active layer gets thicker, there is no oxygen, permafrost thaws, microbes produce methane, methane is released, organic matter decays, positive feedback loop is created, etc.) to create correct information on the relationship between perennial permafrost processes. You can add your own words, you don't have to use all the terms. 
……………………………………………………………………………………………………………
 ……………………………………………….…………………………………………………..………
……………………………………………………………………………………………………………
……………………………………………….…………………………………………………..………
Task 6.
Scientists drill holes in permafrost (so called "boreholes") and measure temperature on differet depth levels; then they interpret borehole data and recognize trends in data. Now you are a scientist! You have received data from 3 borehole locations. Find those places on Google Earth. Look at the pictures taken at these sites to get a sense of what the landscape looks like in places where permafrost occurs.
Now choose one of the locations: Yukon Bridge, Galbraith Lake and Franklin Bluffs Borehole. For the chosen location write down the temperature on 3 different depth levels: 5 m, 10 m, 20 m for years: 1996, 1997, 1998, 1999, 2006, 2008, 2009, 2010. Next, calculate the average from periods: 1996-1999 and 2006-2010.
Chosen location: ………………………………………………………..
	year
	5 meters
	10 meters
	20 meters
	40 meters

	1996
	
	
	
	

	1997
	
	
	
	

	1998
	
	
	
	

	1999
	
	
	
	

	2006
	
	
	
	

	2008
	
	
	
	

	2009
	
	
	
	

	2010
	
	
	
	

	period 1996-1999
	
	
	
	

	period 2006-2010
	
	
	
	


Analysing the graphs and data collected in the table, fill in the following sentences:
· The differences in temperature (up to 0.5-1.0C) over years are very small below…... meters.
· The biggest differences between various years are detected on the depth of …... meters. 
· The biggest change of temperature between periods 1996-1999 and 2006-2010 for my chosen location was …... degrees C. 
Has permafrost been thawing more or less recently?
………………..………………………………………………………..…………………………………
Task 7.
On the website https://ourworldindata.org/co2-emissions check the annual anthropogenic emissions for the selected country. 
Country:………………… Year: ……………… Annual emission of CO2:………………………
[image: ]Now, you will calculate the possible emissions of greenhouse gases from thawing permafrost and compare them to anthropogenic (caused directly by humans) emissions. For these calculations use the three scenarios - the most optimistic (Ref. 52), the worst (Ref. 48) and one from others (choose any of the scenarios and put the ref. number in the table). In the second column write the number of gigatons (GT) of carbon, which will be released by 2100 according to scientific models. From 1 kg of carbon circa 3 kg of CO2 are produced. Calculate CO2, which will be produced from carbon released due to thawing permafrost and write the numbers in the 3. column. In the fourth column write the number of GT of CO2 produced yearly by your country. In each row write the same number. In the next column write the number of GT of CO2 produced by your country from this year till 2100 assuming that the emission stays at the same level as it was in 2019. In the last column compare both types of emission and calculate percentage. In the calculations you may need to change units. 1GT = 1 billion tons = 10^9 tons = 1 PG (petagram)

	

[bookmark: _GoBack]Scenarios
	GT of carbon released by 2100 from permafrost 
	GT of CO2 released by 2100 from permafrost 
	GT of CO2 produced yearly by your country 
	GT of CO2 estimate of production by your country 2100 
	%

	Ref. 52
	
	
	
	
	

	Ref. 48
	
	
	
	
	

	Ref. …….
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