
A Deep Cold Ocean
Cooling and freezing processes in 

polar regions produce cold salty wa-
ter that sinks to become the bottom 
water of the world’s oceans.  Through 
these cooling and sinking processes, 
and through circulation of the dense 
waters throughout the deep ocean, 
the oceans exert a powerful control on 
the Earth’s climate.  The cooling and 
freezing processes extract heat and 
freshwater from the ocean and leave 
a colder and, most important, saltier 
and more dense seawater.  In both the 
Arctic and the Antarctic the total pro-
duction of deep cold water depends 
on the temperature and salinity prop-
erties of source waters, on freshwater 
inputs from ice melt or river runoff, 
and on the timing and intensity of 
heat transfer from ocean to atmo-
sphere; the actual production may 
occur sporadically, particularly in 
coastal polynyas between frozen land 
and offshore sea ice.  Small changes in 
the volume of the inputs, in the heat 
or freshwater balances, or in the mix-
ing of the dense cold water with less 
dense water can affect the formation 
of bottom water and therefore the 
global ocean circulation.  Pulses in 

bottom water production, or pulses 
of freshwater that disrupt bottom wa-
ter production, in one or both hemi-
spheres, may provide mechanisms for 
relatively rapid shifts in climate. 

Chemcial and Biological Pumps
Approximately one-third of the 

carbon dioxide emitted by human 
and natural activities goes into the 
oceans.  Polar oceans play very im-
portant roles in this carbon cycle.  
Carbon dioxide becomes more solu-
ble in colder water, so cold polar wa-
ter takes CO2 from the atmosphere, 
carries it downward during the pro-
duction of bottom water, and trans-
ports it slowly through the deep glob-
al ocean, forming a chemical CO2 
pump.  A polar biological pump oc-
curs when ocean phytoplankton grow 
quickly during the polar summer.  
These microscopic plants pull CO2 
from the atmosphere; a portion of 
this plant carbon sinks to ocean sedi-
ments.  The polar biological pump de-
pends strongly on the abundance of 
major nutrients such as nitrogen and 
phosphorus, on the availability of es-
sential micronutrients such as iron or 
zinc, and on the presence or absence 

Polar Oceans
Cooling and sinking processes in polar oceans and circulation of polar waters 

throughout the global deep ocean exert a powerful control on the Earth’s 
climate.  The polar oceans also play very important roles in the global carbon 
cycle, removing carbon dioxide from the atmosphere through chemical and 
biological processes. Polar oceans support globally-important fisheries and ice-
dependent polar birds and mammals, including polar bears in the Arctic and 
penguins in the Antarctic.  All of these important polar ocean functions have 
a critical relationship with sea ice; changes in the integrated polar ocean - ice 
system thus have far-reaching impacts.



of sea ice.  Measurements 
of these nutrients and 
other chemical tracers 
provide information 

about the rates of bottom water 
production, the routes of deep 
ocean circulation, and the ef-
ficiencies of the chemical and 
biological pumps.  Increasing 
acidification of the ocean as a 
consequence of decades of en-
hanced CO2 uptake may have 
acute impacts in polar regions.  
Stimulating the polar biological 
pump through experiments like 
artificial fertilization will first 
require a much better under-
standing of polar marine eco-
systems.  

Polar Ocean Ecosystems - 
Sea Ice to Sea Floor

The organisms of the polar 
oceans, from microbes to mam-
mals, have developed a remark-
able array of adaptations to 
very cold water, long seasons of 
dark alternating with seasons of 
continuous light and high UV 
irradiation, and the presence 
of sea ice.  Major components 
of polar ocean ecosystems, in-
cluding microbial populations, 
gelatinous zooplankton, and 
organisms of the slopes and 
deep-sea abyssal plains, remain 
largely unknown; the microbial 
populations (including proto-
zoans, bacteria, and viruses) 
undoubtedly play important 
roles in carbon and nutrient 
cycling and ecosystem dynam-

ics.  The polar oceans support 
globally-important fisheries and 
the ice-dependent polar birds 
and mammals: whales (includ-
ing beluga and narwhal), seals, 
walruses and polar bears in the 
Arctic, penguins in the Antarc-
tic.  Many of these species show 
their highest abundance in mar-
ginal ice zones and polynyas; 
the sea floors under these zones 
contain a high abundance and 
rich diversity of organisms.  The 
exquisite physiological and be-
havioral adaptations of many 
organisms to subzero water 
temperatures make them high-
ly sensitive to slight changes in 
temperature or salinity; other 
polar organisms have evolved in 
cold waters around Antarctica 
and then radiated to other deep 
cold water regions of the planet.  
At an ecosystem level, the tim-
ing and location of sea ice de-
termines both the growth and 
abundance of prey organisms 
and the access and reproductive 
success of predators.  Humans 
have exploited the polar oceans 
for commercial purposes for 
nearly 200 years, with profound 
impacts on the ecosystems.  Re-
cently, global pollutants have 
accumulated in polar marine 
ecosystems, particularly in the 
Arctic and in important local 
food organisms.  We can predict 
further changes in polar ocean-
ic ecosystems as waters warm, 
as sub-polar water masses and 
sub-polar organisms intrude, 

and as sea ice retreats.  The cur-
rent and traditional knowledge 
of northern people contributes 
greatly to our understanding of 
Arctic marine ecosystems. 

Paleoclimate and Sea Level
Ocean sediments provide 

long records of ocean circula-
tion and climate.  Ocean sedi-
ment cores from around the 
Antarctic and from the central 
Arctic basins record the initial 
formation of polar ice sheets, 
global cycles of glaciation and 
deglaciation, and the onset and 
intensity of bottom water forma-
tion and deep ocean circulation.  
Sediments beneath present-day 
ice shelves and sea ice carry re-
cords of the periodic advance 
and retreat of those systems.  
Ocean sediments in coastal re-
gions contain important evi-
dence of recent glaciation on 
adjoining land masses and of 
past sea levels.  Oceanographers 
monitor present-day sea level 
in polar regions to understand 
spatial patterns of long term sea 
level rise due to ocean warming 
and melting of land ice and local 
patterns of coastal erosion.

Tools of Polar Oceanography
The tools of polar oceanog-

raphy include: satellites to mea-
sure sea height, surface waves, 
sea ice extent, and ocean colour 
(an indication of oceanic bio-
mass); ship-based, ice-tethered, 
and free drifting sensors for 
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temperature and salin-
ity; ultra-clean automat-

ed samplers for ocean 
trace elements; and ad-

vanced data assimilation mod-
els.  Biologists use powerful 
genetic and molecular tools to 
determine the biodiversity and 
functional capabilities of key 
groups.  To reach difficult areas 
within and under sea ice, polar 
oceanographers use acousti-
cally-tracked sub-ice drifters, 
‘smart’ automated gliders, and 
sensor tags on deep-diving ma-
rine mammals; the mammals 
often forage in interesting re-
gions of high oceanic produc-
tivity.  
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Polar Oceans Activity: What’s For Lunch?
Materials: Card for each student or team; markers or crayons; 

reference materials about polar marine life; string.
Procedure: 

•	Create a list of polar marine life including whales, birds, seals, 
fish, krill, zooplankton and phytoplankton, and polar bears 
(Arctic) or penguins (Antarctic).

•	Each student or team chooses an organism and makes a large 
drawing, also listing its predators and prey.

•	One student displays the first picture.  Students add their or-
ganism if it is directly connected in the food chain.  Indicate the 
direction of energy flow with an arrow. Continue building up 
the food web until all organisms are included and connected.

Another way: Attach pictures to the students and make connec-
tions with string.  First student has a ball of string and passes 
it to any student connected in the food chain.  Each states their 
role in the chain.  The web continues to grow and weave itself 
until all students are connected.

Discussion ideas: 
•	Add species one at a time to allow discussion of relationships. 
•	Create Arctic and Antarctic food webs. Note the top and bot-

tom of the food chain, and common species in the middle. 
•	Discuss the role of humans, krill, and factors effecting popula-

tions along the chain. Remove a species from the web that is 
affected by human activities. How does this affect the rest of 
the system? 

•	How will the food chain be affected by warming polar oceans?

An Alternate Activity - Ocean Circulation:  
•	To demonstrate how water density affects ocean circulation, 

half fill a clear-walled tank with fresh, room temperature wa-
ter.  Use food colouring to illustrate different water types.  At 
one end, add a frozen blue ‘iceberg’ or cold, blue salty water.  
At the other end, gently add warm, red fresh water.  Watch 
how circulation patterns emerge.  Discuss how Polar Regions 
affect global ocean circulation.

Find these and other ed-
ucational materials in: Kaiser, 
2010, Polar Science and Global  
Climate, An International Re-
source for Eduation and Out-
reach, ISBN 978 1 84959 593 3, 
www.pearson.co.uk.


