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Climate change is
impacting the 
cryosphere.
❆ ❅ ❉ ❅ ❆ ❅ ❉ 
❅ ❆In this lesson, we will 
explore why and how.
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The Associated Press (2018)



What is the cryosphere?
● Parts of the earth containing 

frozen water
○ Sea ice

■ Frozen ocean water
■ Thicker in colder months
■ Decline since 1950s/60s

○ Glaciers
■ Formed by years of compressed 

snow
○ Ice caps

■ Cover <19,000 mi2

■ Feed glaciers around edges

"Untergang der Titanic" by Willy Stöwer (1912)

Vatnajökull in Iceland, Europe’s largest ice cap by NASA (n.d.)



What is the cryosphere?
○ Ice sheets

■ Chunk of glacier ice covering land >19,000 mi2

■ Antarctica, Greenland (“continental glaciers”)
○ Ice shelves

■ Floating platform of ice
○ Snow cover

■ Most temporary
○ Frozen ground

■ Permafrost: where ground 
is at/below freezing for 
>2 years

○ Lake and river ice
■ Breaks up in spring

Melting ice in Antarctica, Reuters/Pauline Askin (2019)



Where is the cryosphere?

IPCC AR4, Figure 4.1 
(2007)

● On mountains, 
on the ground, 
in the ocean

● Each part has a 
different “lifespan”
○ Snow is least 

permanent, but 
layers form 
glaciers

○ Ice sheets are 
oldest

https://www.ipcc.ch/report/ar4/wg1/


Where is the cryosphere?

IPCC AR5, Table 4.1 
(2013)The cryosphere covers 52-55% of global land surface and 5.3-7.3% of global ocean area.

Almost 70% of earth’s freshwater is stored in ice caps and glaciers. 
If all of Antarctica melted, sea levels would rise 58.3 meters, or 191.3 feet! 

https://www.ipcc.ch/report/ar5/wg1/


Keeping it cool
● The cryosphere’s high albedo helps keep the 

earth cooler.
○ Albedo: a surface’s reflective quality
○ Snow and ice are more reflective than land or 

water 
■ Incoming solar radiation bounces off snow 

and ice, sending heat back into space
○ Ice-albedo feedback = positive feedback loop 

that helps keep temperatures down
■ Cryosphere helps balance earth’s “energy 

budget”



Hot topic
● Human activity causing global 

warming is harming the 
cryosphere.
○ Pollution is trapping heat and 

causing higher temperatures
■ Ex: carbon emissions from 

fossil fuels
○ Higher temperatures mean less 

snow and ice, causing even 
higher temperatures (ice-albedo)

○ By 2050s, Arctic may be 
ice-free in summer

IPCC Synthesis Report, from Fig. 1.1 (2014)

Photo by ALAMY 
(2014)

https://ar5-syr.ipcc.ch/index.php


Sink or swim
● Melting glaciers and ice 

sheets is causing rising sea 
levels.
○ 40% of U.S. population lives in 

at-risk coastal areas
○ Ice-trapped methane, a potent

greenhouse gas, could be 
released into atmosphere

● Melting sea ice does not cause 
sea level rise.
○ Less sea ice does impact 

energy budget and animal 
habitats

 IPCC AR5, from Fig. 4.25 (2013)

IPCC Synthesis Report, from Fig. 1.1 (2014)

https://www.ipcc.ch/report/ar5/wg1/
https://ar5-syr.ipcc.ch/index.php


What kinds of changes 
have been observed? 
❆ ❅ ❉ ❅ ❆ ❅ ❉ ❅ ❆
The IPCC, a part of the United Nations, is 
made up of scientists and researchers 
from 195 member states from around 
the world. Using information from their 
latest report, the following case study 
takes a look at one way that climate 
change is impacting the cryosphere.



Case study: Greenland vs. Antarctica

IPCC AR5, Fig. 4.13 (2013)
IPCC AR5, Fig. 4.14 (2013)

● The way that ice sheets 
are changing differs.
○ Greenland (left) is melting 

much faster
○ Antarctica (bottom) is both 

melting and adding ice, 
partly due to large size

https://www.ipcc.ch/report/ar5/wg1/
https://www.ipcc.ch/report/ar5/wg1/


Case study: Greenland vs. Antarctica

IPCC AR5, Fig. 4.15 (2013) IPCC AR5, Fig. 4.16 (2013)

Although Greenland (left) is melting faster than 
Antarctica (right), both ice sheets are losing mass due 

to climate change, contributing to rising sea levels.

https://www.ipcc.ch/report/ar5/wg1/
https://www.ipcc.ch/report/ar5/wg1/


Summary: The changing cryosphere

 IPCC AR5, from Fig. 4.25 (2013)

https://www.ipcc.ch/report/ar5/wg1/
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Introduction slide photograph: a young polar bear on sea ice along the Northwest Passage above the Arctic Circle by Adrienne Tivy, 2016
Other photograph and table source information found in captions
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