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Use the information from Permafrost Slumps to answer questions 1–4. 

Permafrost Slumps 
Samantha researches the Arctic and learns about areas of solid ground 
which are sinking by almost 90 meters. These areas are known as 
permafrost slumps. In the Arctic, this sinking is happening more frequently. 
Samantha learns that the majority of the land circling the Arctic Ocean is 
made up of permafrost. Permafrost is a layer of Earth’s surface and consists 
of gravel, soil, and sand, held together by ice. 

Permafrost slumps can be as large as a football stadium. One permafrost 
slump in Siberia measures 86 meters deep and 900 meters wide. 

There is concern that these slumps are impacting the overall global 
temperature and contributing to climate change. Samantha wonders about 
the connection between these permafrost slumps and climate change. 



1. Samantha wants to know what is causing the land to sink. She
hypothesizes that the land slumps connect to the structure of water
molecules both in liquid and solid forms.

Samantha builds identical models. Both models contain the same amount of 
soil, saturated with the same amount of water. She measures and records 
the volume of both models. She then places Model 1 in the freezer and 
leaves Model 2 on the counter. 

The next day, Samantha measures the volume of both models. She notices 
that the volume of Model 1 has increased, now that it is frozen. The 
diagrams below show the models on the second day, after Model 1 has 
frozen. 



2. Samantha knows that if the permafrost is melting, the air in the Arctic 
must be warmer than normal. Earth’s energy budget accounts for both the 
total amount of energy that comes into Earth’s atmosphere and the total 
amount of energy that leaves Earth’s atmosphere. 

As greenhouse gases in the atmosphere increase, Earth’s energy budget 
becomes unbalanced. 

How does Earth’s energy budget change? Select from the answer bank to 
complete the model. Write the letter of one description in each box. 



3. Samantha learns that permafrost is a type of carbon sink. Carbon sinks
absorb more carbon from the atmosphere than they release, such as what
happens with forests and oceans. Inside the permafrost are the remains of
plants and animals that will release carbon when they thaw and decay.
Scientists estimate that approximately 1,400 to 1,700 billion tons of carbon
are stored in frozen organic matter in the Arctic permafrost.

Samantha wonders how melting permafrost will affect climate change. She 
finds computer model projections of carbon emissions from melting 
permafrost and average global temperatures over time. 

Part A 

Predict how the cycling of carbon in the permafrost will contribute to climate 
change. Select from the answer banks to complete each sentence. Write the 
letter of the answers in the blanks. 

The heated atmosphere transfers 1. _____ to the frozen permafrost. 
When the thawed organic matter breaks down, the carbon released into the 
atmosphere will be 2. _____ than the current amount, causing 3. _____ of 
change to Earth’s climate. 



Part B 

The Arctic permafrost system contains frozen organic matter, thawed and 
decaying organic matter, and thawed organic matter which has already 
decayed. The pie graphs below represent the organic matter contained in the 
Arctic permafrost. 

How do the ratios of this organic matter change over the years? Using 
information from the computer model projections, write a year from the 
answer bank into the box above each pie graph. 



4. Samantha creates models to show the relationship between permafrost
slumps and climate change.

After examining both models, Samantha now understands how they 
represent the relationship between the permafrost slumps and climate 
change. She investigates the spiral pattern in Model B. 

Part A 
Which statement best explains the spiral pattern in Model B? 

Part B 
Which two pieces of information should be added to Samantha’s model to 
show the relationship between permafrost slumps and climate? 
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