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Sea Ice and Climate Change 

Duration 
2 class periods. 

Theme 
Understanding the impacts of climate change on the Canadian Arctic, with an emphasis 
on ice formation. 

Objectives 
Students will: 

 Learn about ice formation in the Canadian Arctic and the impacts of climate 
change in this part of the world. 

 Use Ocean Networks Canada’s Data Plotting Utility and SeaTube Pro to 
investigate and explain what appears to be an unusual ice formation event. 

Vocabulary 
First-year ice: “Annual” ice. Ice that grows in the fall and winter but melts away in the 
spring and summer months. 
Multi-year ice: “Old” ice. Ice that has survived more than one melting season (i.e. one 
summer). For this reason, this ice is generally thicker than first-year sea ice. 
Pack ice: A large, single mass of ice that is moved around by winds and sea currents. 
Fast ice: Ice that is “fastened” to the coastline, to the sea floor, or to grounded 
icebergs. Unlike pack ice, fast ice does not move with currents and winds. 
Cryosphere: Those areas of Earth's surface where water is in solid form (e.g., sea and 
lake ice, snow cover, and glaciers). 
Albedo: The reflecting power of a surface. Sea ice is highly reflective and thus has high 
albedo. 

PLOs Addressed (Activity + Extensions) 

Grade(s) Curriculum 

Organizer 

Prescribed Learning Outcomes 

8, 9, 10 Processes of Science A3  Represent and interpret information in graphic form. 
A4 (Grade 8 A5)  Demonstrate scientific literacy. 
A5 (Grade 8 A6)  Demonstrate ethical, responsible, cooperative behaviour. 
A6 (Grade 8 A7)  Describe the relationship between scientific principles and 
technology. 
A7 (Grade 8 A8)  Demonstrate competence in the use of technologies specific to 
investigative procedures and research. 

8 Life Science: 
Cells and Systems 

B1  Demonstrate knowledge of the characteristics of living things. 

8 Physical Science: 
Fluids and Dynamics 

C6  Describe the relationship between solids, liquids, and gases, using the kinetic 
molecular theory. 
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8 Earth & Space 
Science: 
Water Systems on 
Earth 

D1  Explain the significance of salinity and temperature in the world’s oceans. 
D2  Describe how water and ice shape the landscape. 
D3  Describe factors that affect productivity and species distribution in aquatic 
environments. 

9 Physical Science: 
Atoms, Elements, and 
Compounds 

C4  Describe changes in the properties of matter. 

10 Life Science: 
Sustainability of 
Ecosystems 

B1  Explain the interaction of abiotic and biotic factors within an ecosystem. 

10 Earth and Space 
Science: 
Energy Transfer in 
Natural Systems 

D3  Evaluate possible causes of climate change and its impact on natural 
systems. 

Background 

Sea Ice in the Canadian Arctic 
The sea ice of the Canadian Arctic includes two principal types (first-year and multi-
year ice) and two states of mobility (active pack ice and static fast ice). Mobile pack 
ice dominates the Beaufort Sea portion of the Arctic Ocean including both first-year 
(annual) and multi-year (old) ice. Along the shorelines and in the confined channels of 
the Canadian Arctic Archipelago the sea ice becomes immobile (or “fast”) through much 
of the year from mid-autumn through to summer. Old or multi-year ice occupies much 
of the northern and western channels of the Canadian Arctic Archipelago while first-year 
ice is dominant in the more southerly and easterly channels. 
 
The duration of the open water season in the Canadian Arctic ranges from 1–4 months 
on average. The open water season is longest in the southern portions of the Beaufort 
Sea and Amundsen Gulf and in the Northwestern Baffin Bay and Lancaster Sound 
region. In the northern and central portions of the Arctic Islands, the duration of mostly 
open water conditions is mainly limited to the month of September; in some years, the 
sea-ice does not clear in these northern and central channels (see Figure 1). 

Sea Ice and Climate Change 
Earth’s climate is a complex system, affected not only by gases in our atmosphere, but 
also by changes on land, in our oceans, and the relationships between living things. 
Understanding the relationships between these changes and their effects on global 
climate is of great importance to many of today’s scientists. 
 
While it is expected that changes to the Earth’s climate will result in disruptions of 
weather patterns, flooding of coastal areas, and changes to habitats and species 
distribution and abundance, knowledge about the Arctic Ocean and adjacent waters 
remains limited. Conducting research in this part of the world is challenging due to 
difficult access during most of the year, its remoteness, the long periods of darkness in 
the winter, and limited coverage by satellites. 
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Figure 1. 1971–2000 average break-up and freeze-up dates. The average date of break-up and freeze-up at Cambridge 
Bay (marked with a dot) is July 23 and October 15, respectively. 

 
Active areas of climate change research in the Arctic focus on better understanding the 
linkages between the atmosphere, the land, the ocean, and the cryosphere. Examples 
include: impacts on the carbon cycle as a result of both terrestrial and marine changes; 
changes in oceanic circulation and productivity through modifications to freshwater 
inputs and warmer waters from the Pacific and Atlantic Oceans; marine productivity 
changes due to a greater prevalence of open water conditions; and sea ice changes and 
their effects on the distribution and survival of marine mammals. 
 
Research has shown that both the areal extent and duration of sea ice in the Canadian 
Arctic are exhibiting distinct trends towards reduced ice conditions. In the Arctic Ocean 
itself, reductions in minimal Arctic Ocean ice extent since 2002 have been very large 
with an overall reduction of 11.6% per decade in areal ice extent in September over the 
past 40 years. In the Canadian Arctic waters, the late summer ice reductions are 
somewhat smaller and vary considerably by region. 
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Marine Observatory at Cambridge Bay 
In late September 2012, Ocean Networks Canada installed its first cabled marine 
observatory at Cambridge Bay, Nunavut. Continuous monitoring of chlorophyll and 
oxygen concentrations, temperature, salinity, and ice thickness, allows scientists across 
the world to better understand the unique environment of the Arctic Ocean and its living 
resources in the current context of climate change. 

Materials 
 Copies of each of the Figures in this lesson plan, either for projector display, or 

printed copies for distribution to each student. 

 Roll of poster (butcher) paper. 
 Selection of marker pens. 
 Class access to internet-connected computers. 

Procedure 

Activity 1 
1. Divide the class into groups of 5–6 students. Provide each group with 5–6 

marker pens of a specific colour (e.g., Group 1 has red pens, Group 2 has blue 
pens, etc.) and a sheet of poster paper about 1.5 m long. 

2. Ask each group to write the words, “Arctic Ocean and Climate Change” in the 
centre of their page and surround it with a circle. 

3. Ask the students to consider what the major impacts of climate change on the 
Artic Ocean might be. For each impact, draw a line radiating from the circle with 
the name of the impact at one end. 

4. Then, for each impact, ask the students to consider the possible effects on 
humans and the ecosystem. For example: 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

5. After 10 minutes, ask each group to swap their poster with another group. Each 
group now adds their ideas to the poster (if not already present) in their own 
colour of marker pen. 

6. After 5 more minutes, ask each group to put their pens down and, in turn, to 
volunteer an impact from their poster and the ways that humans and the 
ecosystem may be affected. 
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7. As a class, reflect on the scale and variety of effects that climate change can 
have on our oceans. Ask the following questions: 
 How might decreased sea ice affect land mammals in the Arctic? 

o Animals such as polar bears need sea ice in order to hunt, breed, and 
migrate. Declining sea ice threatens their populations by reducing their 
ability to find mates and food. 

 How might decreased sea ice affect human populations in the Arctic? 
o Impacts to wildlife populations will restrict the ability of Inuit 

communities to hunt successfully, and declining sea ice makes travel to 
nearby communities difficult. 

o A dramatic example of how later freeze-up dates can affect travel can 
be found here: Western Nunavut hunter loses snowmobile through the 
ice. A recording made by the Cambridge Bay observatory hydrophone of 
the snowmobile travelling across the ice just before it broke through can 
be found here.  

 Climate change affects sea ice, but can sea ice affect the global climate? 
o Yes! By reflecting sunlight and heat energy—a process known as 

albedo—large expanses of sea ice help cool the Earth. However, as 
these areas of sea ice melt and become smaller, their ability to cool and 
stabilize the Earth's climate is reduced, possibly resulting in a “feedback 
loop” whereby higher temperatures lead to further losses of sea ice. 

8. Define the terms first-year and multi-year ice, pack ice, and fast ice and discuss 
where each of these ice types is generally found in the Canadian Arctic. 

9. Referring to Figure 1, comment on the length of open water seasons and how 
they differ between the more northerly and more southerly areas of the Arctic 
Ocean. 

10. Referring to the graph and animation at: 
http://climate.nasa.gov/key_indicators/#seaIce, ask the students if they notice a 
pattern in the area of Arctic sea ice over time. 

o The area of Arctic sea ice is declining over time. 

Activity 2 
1. Mention to the students that much remains unknown about the Arctic Ocean. Ask 

them why that might be. 
o Conducting research in this part of the world is challenging due to 

difficult access during most of the year, its remoteness, the long periods 
of darkness in the winter, and limited coverage by satellites. 

2. Ocean Networks Canada’s cabled marine observatory at Cambridge Bay, 
Nunavut, helps to overcome many of these challenges by allowing scientists from 
all over the world to access real-time data on chlorophyll and oxygen 
concentrations, temperature, salinity, and ice thickness at any time of the day or 
year. 

3. Located just above the Arctic Circle, Cambridge Bay experiences only first-year 
sea ice. When the air temperature drops below the freezing point of seawater 
(approximately -1.8   C), sea ice begins to form. Display (or distribute) the 
following figure to the students—these are data recorded by the observatory’s 
ice profiler: 

http://www.nunatsiaqonline.ca/stories/article/65674western_nunavut_hunter_loses_snowmobile_through_the_ice
http://www.nunatsiaqonline.ca/stories/article/65674western_nunavut_hunter_loses_snowmobile_through_the_ice
https://soundcloud.com/oceannetworkscanada/snowmobile-on-ice
http://climate.nasa.gov/key_indicators/#seaIce
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4. In 2012, the shore station camera and ice profiler showed ice beginning to form 
on October 18. Students can observe the ice formation on this date by using 
Ocean Networks Canada’s SeaTube Pro: 

 Log into Ocean Networks Canada’s SeaTube Pro using the Username and 
Password provided to you. 

 If your page does not immediately display the Arctic Observatory (see name 
in upper left of page), from the green menu bar at the top, select a mini 
observatory by clicking on “Tools”, select “Network Preference: […]”, and 
choose “Switch to Arctic Observatory”. 

 Make sure you are operating SeaTube Pro by clicking on “SeaTube” on the 
green menu bar. 

 On the sidebar on the left, click the “+” next to “Cambridge Bay” to expand 
the menu, then click the “+” next to “Shore Station”. Choose the date of 
interest by clicking the “+” next to “2012”, then click on “October” to select 
it, followed by “18”, and then the time, “00:00:00”: a camera recording for 
this time period made from the shore station will be displayed. Each frame is 
captured 5 minutes apart. 

5. Referring again to the ice draft figure, ask the students the following questions: 

 Sea ice thickened at a relatively constant rate through winter and spring, 
reaching a maximum thickness on May 25, 2013. Why did ice thickness begin 
to decrease after this date? 
o Ice thickness decreased after May 25 as a result of warming air 

temperatures and increased solar radiation. 
 The first ice breakup event was observed on June 27, and by July 2 ice had 

completely disappeared. Interestingly, melting occurred more than 5 times the 
rate of formation. Why do you think this is? 
o As the ice thinned and melted, this decreased albedo and hastened 

further melting as air and water temperatures increased. 
6. Display (or distribute) the following figure to the students—these are data 

recorded by the observatory’s CTD (Conductivity, Temperature, and Depth) 
sensor: 

http://dmas.uvic.ca/SeaTube


 7 

 
 

7. Sea ice is composed of freshwater. Brine (very salty water) is ejected during ice 
formation, increasing the salinity of the adjacent seawater. The Cambridge Bay 
observatory sensors recorded a gradual increase in salinity at the beginning of 
the winter as ice began to form, with salinity increasing from 26.7 psu before ice 
formation to 29.45 psu in April 2013. 

 Salinity decreased following ice breakup in the summer of 2013, but values 
fluctuated somewhat erratically throughout July. Why? 
o Episodes of ice melting on land and sea and snow melting on land result 

in influxes of freshwater runoff that can cause fluctuations in seawater 
salinity. 

8. Display (or distribute) the following figure to the students—these are data 
recorded by the observatory’s oxygen (in blue), fluorometer (in green, measuring 
chlorophyll), and solar radiation (in orange) sensors: 

 
 

 Dissolved oxygen in seawater decreased slowly with the advancing winter. 
Why? 
o Lack of sunlight during the winter months decreased the amount of light 

penetrating the seawater—therefore reducing phytoplankton biomass 
and the amount of photosynthesis taking place—and increasing ice 
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thickness limited the ability of atmospheric oxygen to dissolve into the 
seawater. 

9. Oxygen depletion abruptly stopped at around April 1, 2013 with a return of 
photosynthetic activity as indicated by a rapid increase in chlorophyll 
concentration. The detection of chlorophyll at 6 m depth, under the still growing 
ice cover, may be from the episodic sinking of ice algae, or may indicate an 
under-ice phytoplankton bloom, a phenomenon recently reported by scientists 
(Arrigo et al., 2012). 

Activity 3 
1. Log into the Ocean Networks Canada Data Plotting Utility using the Username 

and Password provided to you. 
2. If your page does not immediately display the Arctic Observatory (see name in 

upper left of page), from the green menu bar at the top, select a mini 
observatory by clicking on “Tools”, select “Network Preference: […]”, and choose 
“Switch to Arctic Observatory”. 

3. Make sure you are operating the Data Plotting Utility by clicking on “Plotting 
Utility” on the green menu bar. 

4. On the sidebar on the left, click the “+” next to “Cambridge Bay” to expand the 
menu, click the “+” next to “Underwater Network”, then the “+” next to “Ice 
Profiler”. 

5. From the list of parameters measured by the ice profiler, click on “Ice Draft 
Corrected” and then “Temperature”. Two graphs should now display on screen. 

6. Overlay the plots by right-clicking on one of the plotted parameters in the 
sidebar (e.g. “Temperature”) and selecting “Add to Plot 1 Right Y Axis”, where 
Plot 1 is Ice Draft Corrected and Plot 2 is Temperature. 

7. Towards the top of the screen, underneath the green menu options, find the 
section titled, “Time Period Selection”. In the “Date From (UTC)” box, enter “22-
Aug-2013”; in the “Date To (UTC)” box, enter “26-Aug-2013”. 

8. Click the “Plot” button under “Refresh Plot(s)”. To better distinguish the plots 
from one another, click the “Options” button on the upper right of the combined 
plot and choose “Plot Properties”. From the window that appears, click the 
button under “Color” for the sensor you wish to change, e.g. Ice Draft Corrected. 
Choose a colour using the slider, click the button under “Color” again, and click 
“Ok”. You should now see a graph that looks like the one below (“Ice Draft 
Corrected” in blue, “Temperature” in red): 

 

 
 

9. Referring to the combined plot of ice draft and temperature over time, ask the 
students: 
 What do the data indicate is happening on August 24? 

http://www.sciencemag.org/content/336/6087/1408.full
http://dmas.uvic.ca/PlottingUtility
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o Sea temperature decreases from 4 to 0   C and ice draft (thickness of ice 
beneath the water surface) appears to increase rapidly from about 0 to 
4 m before rapidly decreasing over the course of the day. 

 What might explain these rapid changes in temperature and ice thickness? 
[Possible answers include]: 
o Cold nighttime temperatures are responsible for ice formation. 

[However, ice cover of 4 m thick is unlikely to form over such a short 
time period.] 

o A cold object, e.g. an iceberg, may have passed over, or close to, the 
ice profiler. 

o Another object may have passed over, or close to, the ice profiler, the 
change in ocean temperature being independent of the temperature of 
the object. 

10. One way to investigate this event is to examine the recorded footage from the 
on-shore camera for this date. To do so: 

 Log into Ocean Networks Canada’s SeaTube Pro using the Username and 
Password provided to you. 

 If your page does not immediately display the Arctic Observatory (see name in 
upper left of page), from the green menu bar at the top, select a mini 
observatory by clicking on “Tools”, select “Network Preference: […]”, and 
choose “Switch to Arctic Observatory”. 

 Make sure you are operating SeaTube Pro by clicking on “SeaTube” on the 
green menu bar. 

 On the sidebar on the left, click the “+” next to “Cambridge Bay” to expand 
the menu, then click the “+” next to “Shore Station”. Choose the date of 
interest by clicking the “+” next to “2013”, then click on “August” to select it, 
followed by “24”, and then the time, “00:00:00”: a camera recording for this 
time period made from the shore station will be displayed. Each frame is 
captured 5 minutes apart. 

11. As the video footage progresses, students will see the passage from day to 
night. As night approaches, ice/snow covers the lens of the on-shore camera, 
only to melt later. The following day, there is a lot of activity on the dock as a 
barge loads and unloads. 

12. To help the students locate the underwater position of the observatory when 
viewing the camera footage, display/distribute the following photograph, then 
replay the footage. The circle of light in the water just off the top-right corner of 
the dock (25 m distant from the dock) indicates the location of the observatory: 

 

http://dmas.uvic.ca/SeaTube
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 Does the video footage support the premise that the measured drop in 
temperature and 4 m of ice thickness are the result of surface ice formation? 
o No. Ice/snow cover on the lens of the on-shore camera perhaps indicate 

the drop in temperature recorded by the observatory, but the coastal 
water remains free of ice for the duration of the footage. Also, an ice 
cover of 4 m thick is unlikely to form over such a short time period. 

 Does the video footage support the premise than an iceberg passing over the 
ice profiler is responsible for the measured rapid change is ice thickness? 
o No. No iceberg was observed throughout the duration of the footage. 

For an iceberg to escape capture by the on-shore camera, it would have 
to be moving faster than the frame capture rate of 1 frame every 5 
minutes, which is unlikely; also, the ice draft data indicate the presence 
of thick ice above the ice profiler for ~20 hours. 

 What else might explain the presence of thick ice over the ice profiler on 
August 24? 
o While the purpose of the ice profiler is to determine the thickness of ice 

above the underwater observatory, any object passing above the sensor 
will be recorded if it bounces back the sonar signal. On August 24, a 
barge was moored at the dock for many hours as it loaded and 
unloaded cargo. It is very likely that this is what was detected by the ice 
profiler, not thick ice. 
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13. Discuss with the students the importance of further investigation when results 
initially appear to support unlikely conclusions: in this case, that 4 metres of sea 
ice formed, and then melted, over a 24-hour period, with freezing appearing to 
begin at 4 °C (sea ice does not form until -1.8 °C). 

Extensions 

Further Questions 

Grade 8 
 In what ways is ice cover important for people and animals in the Arctic? 

 Create drawings of water in three different states—solid (ice), liquid, and gas 
(steam)—using kinetic molecular theory and identify each state (phase). 
Drawings should use arrows to indicate how the particles move, and spacing of 
particles for each specific state. 

 Identify similarities and differences between salt water and fresh water (e.g., 
freezing point, density). 

 What is an iceberg and how is it formed? 
 Working in groups of 3–4, put together a “storyboard” of several frames that 

outlines the sequence of events that occur during the capture and use of ringed 
seals in Arctic communities. Presentations should include the following: 

o season and location obtained; 
o method of capture;
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o preservation techniques; 
o uses/significance of ringed seals for one or more Arctic communities 
o current concerns with ringed seal populations; 
o how climate change might impact the populations of ringed seals and/or 

access to them. 

Grade 9 
 Is the formation of sea ice from a seawater a physical or chemical change? Why? 

Grade 10 
 Identify factors that affect the global distribution of the polar ice biome. 
 How can climate be influenced by human activities? 

Additional Activities 
 Ocean News article (see sidebar on webpage for additional information) and 

lesson plan on climate change and its impact on the world’s oceans. 

Resources 
 Orlowski, J. (Director). (2012). Chasing Ice [Motion picture]. United States: 

Exposure, in association with Diamond Docs. [currently (Aug 2014) available on 
Netflix.] 

http://oceanlink.info/ONews/ONews7/intro.html
http://oceanlink.info/ONews/ONews7/intro_lp.html

