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SEQUENCE C  

WHAT ARE THE CONSEQUENCES OF CLIMATE 
CHANGE ON THE OCEAN AND CRYOSPHERE?

The Earth is a complex system where everything is 
interconnected and in equilibrium. Therefore, climate 
change necessarily affects the whole system and its 
repercussions are very diverse. 
In this sequence, six lessons are proposed to help 
students learn about and experiment on some of the 
most important consequences of climate change for 
the world’s oceans and cryosphere. While directly af-

fecting these systems, the impacts of climate change 
are also observed on key ecosystems and human 
communities and the issues involved are thus ex-
plored in these lessons. At the end of this sequence, 
the students will be able to understand causes and 
consequences of phenomena as diverse as sea level 
rise, cryosphere melting, ocean acidi!cation, ocean 
heat uptake and marine currents.

LESSON LIST   Core lesson            Optional lesson

C1 Melting cryosphere and sea level rise
Natural sciences
The students carry out an experiment to ascertain that melting of sea ice 
does not cause sea level rise, whereas melting of ice on land does. Through 
a documentary analysis, the students learn about the impacts of ice melting 
on freshwater supply.

page 67

C2 Thermal expansion of the ocean and sea level rise
Natural sciences
The students carry out an experiment to ascertain how thermal expansion of 
seawater contributes to sea level rise. A documentary analysis allows them 
to discuss the different impacts of sea level rise (on ecosystems and human 
communities).

page 75

C3 The “white” cryosphere and its albedo
Natural sciences
The students debate on the role of sea ice for the Earth’s climate and carry 
out an experiment to understand the importance of the cryosphere as a sur-
face with high albedo. This lesson also provides an opportunity for discuss-
ing climate system feedbacks.

page 80

C4 Ocean acidification
Natural sciences
The students perform an experiment to understand the link between acidity and 
pH, and also between CO2 concentration in the atmosphere and ocean acidi!-
cation. They discuss the effects of ocean acidi!cation on marine organisms.

page 84

C5 Marine currents and climate regulation
Natural sciences (advanced students)
The students carry out two experiments to understand that density differ-
ences of seawater (depending on salinity and temperature differences) can 
drive ocean currents. The analysis of a thermohaline circulation map helps 
them understand how marine currents in"uence climate worldwide.

page 88

C6 Ocean’s thermal inertia and climate regulation
Natural sciences (advanced students)
Through a documentary analysis and an experiment, the students learn 
about the role of the ocean’s thermal inertia in climate regulation.

page 92
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LESSON C1  
MELTING CRYOSPHERE AND SEA LEVEL RISE

PREPARATION 5 + 10 MIN

MATERIALS

• WORKSHEET C1.1 (one for the whole class);
• WORKSHEET C1.2 (one for the whole class);
• WORKSHEET C1.3 (one for the whole class);
• WORKSHEET C1.4 (one for each group);
• WORKSHEET C1.5 – for advanced students (one 

for each group);
• Ice cubes (3-4 cubes for each group);
• Large container: one for each group;
• Water;

• Heavy “waterproof” objects (pebbles, cobble-
stones): a few for each group working on conti-
nental ice (half of the groups).

• Multimedia resources: videos (sea level rise; 
glaciers) and multimedia activities (sea level rise). 
See page 182.

LESSON PREPARATION

1. Prepare ice cubes the day before.
2. Print WORKSHEETS C1.1, C1.2 and C1.3 (one for 

the whole class) and WORKSHEET C1.4 (one for 
each group). The WORKSHEET C1.5 can be used 
as an additional exercise by advanced students.

3. Download the videos from the OCE’s website. 
See page 182.

 G TEACHER TIP
It is best to start this lesson before the lunch break, in order 
to leave enough time for the ice to melt during the break. 
If this is not possible, try to do the experiments described 
below in a warm place (or in the sun) in order to accelerate 
the melting.

INTRODUCTION 20 MIN

Start by asking the students: Can you name some 
consequences of global warming? Write the stu-
dents’ answers on the whiteboard. In general, stu-
dents spontaneously mention sea level rise. We will 
focus on sea level rise in this lesson, and will come 
back to the other issues later.

PROCEDURE 40 MIN + BREAK + 20 MIN

PART 1 (40 MIN): CONTINENTAL VERSUS SEA ICE MELT-

ING AND SEA LEVEL RISE

1. Ask the students: Why do you think the sea 
level is rising? Most students will think of the melt-
ing ice, but they do not distinguish between the 
melting of sea ice and the melting of continental 
ice. Show them WORKSHEET C1.1 so they can see 
the difference.

MAIN SUBJECTS

Natural sciences

DURATION

 ~ Preparation: 5 + 10 min
 ~ Activity: 1 h 30

SUMMARY

The students carry out an experiment to determine that 
the melting of sea ice does not cause sea level rise, 
whereas the melting of ice on land does. Through a doc-
umentary analysis, students learn about the impacts of 
melting ice on freshwater supply.

KEY IDEAS

 ~ The cryosphere encompasses all areas of the Earth 
comprising frozen water.

 ~ An increase in the temperature of the atmosphere 
and the ocean leads to melting of the cryosphere.

 ~ 98% of the world's ice is contained in the polar ice 
sheets, formed by compacted snow.

 ~ Sea ice can be found in the Arctic as well as in the 
Antarctic. It is made of frozen water.

 ~ Permafrost is ground that has been frozen continu-
ously for at least two years.

 ~ The melting of ice on land contributes to sea level 
rise, whereas the melting of sea ice does not.

 ~ The cryosphere is an important freshwater source 
for rivers in mid- and low-latitude mountains. 

KEYWORDS

Cryosphere, sea ice, continental ice, ice sheets, gla-
ciers, permafrost, melting, freshwater, sea level rise

INQUIRY METHOD

Experimentation
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2. Ask the students: Where can we find large quan-
tities of ice on Earth? Show WORKSHEET C1.2 to the 
class and discuss the different cryosphere reservoirs 
that exist on Earth. Write a de!nition of the word 
“cryosphere” on the whiteboard: “The cryosphere 
encompasses all of the frozen water on Earth.” 
Glacier ice and ice sheets (in the Antarctic and Green-
land) are formed on land from compacted snow, 
whereas sea ice (Arctic and Antarctic) is formed in 
the ocean. After looking at WORKSHEET C1.3, the 
students can also understand that icebergs and sea 
ice are different. Icebergs are made of freshwater 
and form on land, whereas sea ice is made of sea-
water and forms directly at the ocean’s surface.

 G TEACHER TIP
One of the difficulties for students (and for most adults) 
is understanding the difference between sea ice (which 
is formed from frozen seawater) and icebergs (which are 
large pieces of freshwater ice that have broken off a 
continental glacier or ice shelf and float in the ocean). 

3. Show WORKSHEET C1.2 once more and ask the 
students: What do you think: will the melting of all 
these different reservoirs contribute to sea level rise? 
Answers will probably be very diverse. Ask: Can you 
think of an experiment that will help us answer this 
question? Help the students formulate the following 
question: Do the melting of sea ice and the melting of 
ice on land both cause sea level rise?

4. In groups, let the students think of an experiment 
that allows them to answer this question.

5. Once the protocol of the experiment has been 
discussed and approved by the whole class, the 
groups set up the experiment:

 U They partially !ll the container with water at room 
temperature. This water represents the ocean:

 e Half of the groups gently place the ice cubes 
in the water. The ice cubes represent sea ice.

 e The other half put a heavy object – represent-
ing a continent – at the bottom of the contain-
er, and then place the ice cubes on top of it. 
The ice cubes represent continental ice. The 
object should stick out of the water.

 G TEACHER TIP 
Ask the students How will you know whether the water 
level has risen or not? Possible answers include: drawing 
a line on the container and attaching a ruler or a sheet of 
paper to the container.

 U The water level must be marked after the ice 
cubes have been added.

 U For the group working on sea ice: ensure there 
is enough water in the container, so that the ice 
cubes are not in contact with the bottom of the 
container (the sea ice should "oat).

The ice cubes placed in the water melt very 
quickly (within a few minutes), whereas those 
placed on the “continent” melt much more slowly 
(within a few hours). 
This !rst observation helps to underline the vulner-
ability of sea ice: It melts faster than continental ice 
because it is in contact with seawater (which has a 
higher thermal conductivity than air). This is also the 
reason why you cool off faster in water than in air (for 
example, when you bathe in the sea).

Top: before ice melting. Bottom: after ice melting.

6. While the students are waiting for the ice to melt, 
they can take time to draw the experimental set-up 
and write down their observations.

7. When the ice cubes have melted, ask the stu-
dents to compare their results. They will conclude 
that the melting of sea ice does not contribute to 
sea level rise, whereas the melting of continental ice 
does.

PART 2 (20 MIN): THE CONSEQUENCES OF CONTINEN-

TAL ICE MELTING FOR FRESHWATER SUPPLY

8. Distribute WORKSHEET C1.4 to each group and let 
them analyse it. With advanced students, you can work 
on the satellite image of WORKSHEET C1.5.
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WRAP-UP 10 MIN

Hold a class discussion on the consequences of 
continental ice melting on the growth of plants and 

local resources (animals to hunt, agriculture, etc.), 
especially freshwater supply. 
You can discuss other important uses of freshwater 
runoff from continental glaciers, such as hydropower 
production. 

BACKGROUND FOR TEACHERS

Detailed information about the cryosphere and its 
different reservoirs is provided in pages 10 - 11 
of the Scienti!c Overview. The services that the 
cryosphere (snow, ice and frozen ground) provides 
to humans are detailed on pages 12 - 13 of 
the Scienti!c Overview, and the changes observed 
in the cryosphere due to climate change are ex-
plained in pages 15 - 17 of the same section of 
this book. Hence, only three concepts that are key 
to this lesson are detailed below. 

CONTINENTAL ICE AND SEA ICE ARE DIFFERENT

Continental ice is the ice on land, which com-
prises glaciers (in polar and mountain regions) 
and the Greenland and Antarctica ice sheets 
(where ice sits on land). It is formed by the slow 
accumulation of snow on land which is progres-
sively compressed until it becomes ice. When 
the "ow of a glacier reaches the ocean, large 
pieces of it may break off, becoming icebergs 
"oating in the ocean. Continental ice is made out 
of freshwater.

Sea ice "oats on the ocean and exists only in the 
Arctic and in the Southern Ocean, around Ant-
arctica. Unlike continental ice, it is formed from 
frozen seawater. When seawater freezes, the 
salt cannot remain in the solid structure of the 
water (the ice) and is expelled into the surround-
ing seawater. This process contributes to a local 
increase in seawater salinity. 

MELTING OF CONTINENTAL ICE CONTRIBUTES TO 

SEA LEVEL RISE, MELTING OF SEA ICE DOES NOT

By de!nition, continental ice sits on land. Hence, 
the resulting meltwater "ows into the ocean, 
contributing to sea level rise. 

Sea ice is already in the ocean. Part of it is above 
water (around 10% of its total volume), but most 
of it is submerged (around 90% of its total vol-
ume). The distribution of the emerged and sub-
merged sea ice portions is due to the fact that 
the density of ice is about 90% the density of 
liquid water. This is one of water’s unique proper-

ties, because solids are usually denser than the 
corresponding liquids. When the emerged por-
tion of sea ice melts, it helps raise the sea level 
because it was initially out of the water. When the 
submerged portion of sea ice melts, it helps low-
er the sea level, because ice occupies a larger 
volume than liquid water (for the same amount of 
water, that is, for the same mass). Therefore, the 
two phenomena roughly compensate each oth-
er, which is why the sea level remains the same.

It can be mathematically demonstrated that the 
submerged volume of an ice cube (the portion 
of the ice cube below water level) corresponds 
to the total volume of water resulting from the 
melting of the ice cube. Therefore, the water lev-
el does not change with the melting of the ice 
cube. This simple demonstration, which can be 
done using four or !ve lines of calculation, is the 
result of two basic principles: mass conservation 
(the mass of the ice cube is equal to the mass of 
the volume of water produced by melting the ice 
cube) and buoyancy (in equilibrium, the weight 
of the ice cube is identical, in absolute terms, to 
the buoyant force, that is, to the weight of the 
volume of displaced water). Such an exercise 
can be given to high school students and was 
!rst demonstrated by Archimedes of Syracuse, 
in 250 BCE.

SEA ICE MELTS FASTER THAN CONTINENTAL ICE

Ice on water melts faster than ice on land, 
which has most of its surface in contact with air 
(rather than water). This is because heat transfer 
is much more ef!cient in water than in air, mainly 
due to the greater density of water. This great-
er density means that a higher number of mol-
ecules (of water) interact with the surface of the 
ice cube, improving the heat exchange process.

Another reason why Earth's sea ice is melting 
faster than continental glaciers is because it is 
just a few metres thick, while Greenland and Ant-
arctica ice sheets are several kilometres thick.
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WORKSHEET C1.1

ICE SHEET

ICE SHELF
SEA ICEGLACIERS

LAKE & RIVER ICE

PERMAFROST
SNOW COVER

SEA ICECONTINENTAL ICE CONTINENTAL ICE

Adapted from Fig. 4.25 of the IPCC Working Group I report (2013).

The Southern Patagonian Ice field is the largest expansion of continental ice in the southern hemisphere other than Antarctica 
and feeds multiple glaciers. 

Antarctica ice sheet, near Adélie Land. Antarctica ice sheet is 
the largest expansion of continental ice on Earth. 

Sea ice floating on the ocean north of Spitzbergen. 
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WORKSHEET C1.2

The cryosphere is all the frozen water on Earth. In the world, there are different reservoirs of “frozen water”. 
The following satellite images show these different cryosphere reservoirs.
 

Source: adapted from “NASA / Goddard Space Flight Center Scientific Visualization Studio”. https://svs.gsfc.nasa.gov/3885

NORTHERN HEMISPHERE

SOUTHERN HEMISPHERE

Sea Ice Glaciers Ice sheets Permafrost

https://svs.gsfc.nasa.gov/3885
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WORKSHEET C1.3

Sea ice – the ice is formed from frozen seawater, directly at the ocean’s surface.

Iceberg – block of a continental glacier (which sits on land) that falls into the ocean.
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WORKSHEET C1.4

Meltwater lake

The !gure below shows an example of a glacier in Argentinian 
Patagonia. The white arrows point to the water "owing from 
the glacier.

 G Where do you think it is flowing to?

The !gure on the left below shows the valley downstream of the glacier that was represented in the !gure 
above. Sometimes, villagers even build channels to redirect the water directly from the meltwater lakes, as 
you can see in the !gure on the right below. Notice that the water is milky and "ows along a green valley, while 
the mountains on both sides of the valley are dry.

 G Why do you think the valley is so green?

Glacier and meltwater lake 
are behind these rocks Water line
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WORKSHEET C1.5

The following !gure shows a satellite image of the largest ice cap in the tropics: the Quelccaya ice cap in the 
Peruvian Andes. The image was captured on 29 June 2009 by the Korean Kompsat-2 satellite. The colours 
are false: vegetation appears in red.

 e Since the 1970s, the Quelccaya ice cap has been shrinking due to rising temperatures. It has already lost over 20% of its area. 
In this dry region, the communities living in the valleys downstream rely on the Quelccaya ice cap as a source of drinking water 
and electricity. 

 e As seen above, the vegetation (in red) grows mainly in the valleys and along water runoffs. 

 e This map shows the “glacier shape” of the valleys, carved by ancient glaciers before their retreat.

 e According to some estimates, the ice cap could vanish within a few decades, depleting water supplies for millions of people as 
well as for local ecosystems. 

 e In the upper-left corner of the image, is the Qori Kalis Glacier, the ice cap’s main outlet. This glacier is retreating – and this 
retreat has accelerated in recent years. It has already lost about 50% of its total length since the 1960s. Glacier melting led to 
the formation of a lake in the late 1980s. The lake has grown over the years, and further smaller lakes have formed around the 
ice cap.

Qori Kalis Glacier
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LESSON C2  
THERMAL EXPANSION OF THE OCEAN AND SEA LEVEL RISE

PREPARATION 15 MIN

MATERIALS 

WORKSHEETS C2.1, C2.2 and C2.3 (per group for ad-
vanced students).
For each group:
• A bottle or laboratory "ask;
• A straw or pipette;
• A stopper;
• Coloured water (previously cooled in the refrig-

erator).

Multimedia resources: multimedia activity (sea-lev-
el rise). See page 182.

MAIN SUBJECTS

Natural sciences

DURATION

 ~ Preparation: 15 min
 ~ Activity: 1 h – 1 h 30

SUMMARY

The students carry out an experiment to ascertain how 
the thermal expansion of seawater contributes to sea 
level rise. A documentary analysis allows them to dis-
cuss the different impacts of sea level rise (on ecosys-
tems and human communities).

KEY IDEAS

 ~ As the temperature of the atmosphere rises, so does 
the temperature of the ocean.

 ~ The global mean sea level has already risen around 
15 cm since 1900. According to different scenarios, 
it will rise further – by between 25 cm and over 1 m 
by 2100. 

 ~ Water, like all liquids, expands in volume when 
heated. This is called thermal expansion, and is one 
cause of sea level rise.

 ~ Due to sea level rise, coastal regions will increasing-
ly be flooded, leading to coastal erosion.

 ~ In 2010, about 30% of the global population lived 
less than 100 km from the ocean.

 ~ Coastal ecosystems are at risk of being altered or 
destroyed.

 ~ Saltwater may seep into groundwater.

KEYWORDS

Thermal expansion, seawater, sea level rise, flooding, 
coastal erosion, coastal ecosystems, coastal communities

INQUIRY METHOD

Experimentation and documentary analysis

BACKGROUND FOR TEACHERS

Matter, whether in solid or liquid state (with 
the exception of water in certain temperature 
ranges), increases its volume when heated 
(thermal expansion or dilatation). As ex-
plained in detail on pages 14 and 16 
of the Scienti!c Overview, the ocean has al-
ready absorbed more than 90% of the ex-
tra heat generated by global warming. The 
volume of the ocean is therefore increasing 
due to thermal expansion, which leads to 
sea level rise. Around half of the sea level 
rise observed since the 1990s is due to the 
thermal expansion of seawater (the other 
half is due to continental ice melting, as seen 
in lesson C1).
Sea level rise has multiple consequences for 
both human settlements and coastal eco-
systems. Page 18 of the Scienti!c Over-
view provides detailed information on the 
challenges that human populations living by 
the coast are already facing and will continue 
to face due to sea level rise (in 2010, about 
30% of the global population lived less than 
100 km from the ocean). 
Coastal ecosystems are driven to retreat in-
land when possible, or disappear when re-
treating is impossible: in coastal zones that 
have been arti!cialised due to human settle-
ments, coastal ecosystems are “squeezed” 
between the rising sea level and human infra-
structures and can ultimately disappear. This 
lesson’s worksheet provides an insight into 
three important types of coastal ecosystems 
(mangroves, salt marshes and seagrass 
meadows), which provide us with numerous 
ecosystem services and are among the !rst 
at risk due to sea level rise.
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LESSON PREPARATION

1. Print one copy of WORKSHEETS C2.1 and C2.2 for 
each group, and one copy of WORKSHEET C2.3 
for each student.

2. Refrigerate the coloured water ahead of time.

INTRODUCTION 20 MIN

Go over the conclusions of lesson C1: The atmos-
phere and the oceans are warming up, and the melt-
ing of continental ice leads to sea level rise. 

Explain to the students that the melting of conti-
nental ice only accounts for half of the sea level rise 
observed since the 1990s. Ask the class: What else 
could cause sea level rise? It is not very likely that 
the students will mention the expansion of water. 
You might want to show the students an analogue 
thermometer and ask them to explain how it works 
(heat causes the liquid in the small tube to expand, 
and so the level of the column of liquid rises).

PROCEDURE 1 H

PART 1 (30 MIN): THERMAL EXPANSION OF SEAWATER

1. Show the students the available material and ask 
them to imagine how they could test whether warm-
ing seawater causes the sea level to rise. Depending 
on the age of the students, you may wish to prepare 
the bottle + stopper + straw set in advance.

2. The students perform the experiment that they 
have proposed. 

After

Before

Example of a bottle of water being heated using a bain-marie.
Watch the water column in the straw.

 G TEACHER TIP
 U If the bottle is made of plastic, the water will also rise 
up in the straw if the bottle is squeezed (not only if the 
water is heated). It is therefore best to use a glass bot-
tle. Moreover, glass conducts heat better than plastic, 
which is very useful here.

 U The bottle needs to be filled up to the rim (a little bit of 
the coloured water should rise into the straw when it is 
inserted through the stopper into the water). The seal 
between the straw and the stopper needs to be water-
tight. You can use modelling clay or chewing gum.

 U There are several possible ways of warming the wa-
ter contained in the bottle, like holding it in your hand, 
placing it on a heater or in the sun. The most effective 
method is to put it into a container filled with hot water 
(the water does not need to be boiling – a temperature 
of 40°C is more than enough). Warming the contain-
er with the hands is an interesting option, because it 
shows the students that even a slight temperature var-
iation has a visible effect.

 U The colder the water in the bottle at the beginning of 
the experiment, the more apparent its expansion will be. 
It is therefore a good idea to fill the bottle with chilled 
water, rather than with water freshly taken from the tap.

 U With this setup, even a small change in the water’s vol-
ume can be made visible.

PART 2 (30 MIN, FOR ADVANCED STUDENTS): THE CON-

SEQUENCES OF SEA LEVEL RISE

3. Give the students WORKSHEET C2.1, C2.2 and 
C2.3 to analyse and answer the questions. When 
they are done, discuss the different consequenc-
es of sea level rise (coastal erosion, destruction of 
coastal ecosystems, impacts on coastal communi-
ties’ livelihoods and on tourism). Some populations 
will have to leave their homes and migrate.

WRAP-UP 10 MIN

Discuss the conclusions of the activities: 
• Seawater expands when heated. It is important 

to contextualize the experiment to ensure that the 
students have understood that the water level in 
the straw represents the sea level in the oceans.

• Sea level rise is mainly due to the melting of con-
tinental ice (see lesson C1, page 67) and to the 
thermal expansion of the oceans. Both phenom-
ena are consequences of climate change.

For advanced students:
• Sea level rise will cause problems in coastal eco-

systems and communities.
• Sea level rise is not constant and different locations 

will experience different rates of sea level rise.
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WORKSHEET C2.1

Bangladesh is a country in South Asia. The Ganges and 
Brahmaputra rivers, and their delta, encompass a large part 
of the country. The delta is a very fertile region. Most of the 
country has an altitude of less than 12 m above sea level. 
Bangladesh has one of the highest population densities in 
the world, with over 160 million people living there today.

Look at the image on the right: 

 G Which region of Bangladesh has the lowest altitude?

Look at the pictures below: 

 G Which region of Bangladesh has the most inhabitants? 
 G What is the difference between the current population and the population expected in 2100?
 G Which consequences of climate change will affect people living in Bangladesh the most?
 G How will the risk of flooding change between today and 2100?

Altitude

Deep waters Shallow waters < 0m 0-3 m 3-10 m 10-70 m > 70 m

BANGLADESH

Note: “Today” corresponds to a year between 2000 and 2015, depending on the available data.

BANGLADESH

TODAY

BANGLADESH

TODAY

Flood risk

High risk Moderate risk Safe At altitude

BANGLADESH

YEAR 2100

BANGLADESH

YEAR 2100

Population density (hab/km2)

0-10 10-100 100-1M 1M-10M >10M

... in flooded areas (hab/km2)

0-10 10-100 100-1M 1M-10M >10M
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WORKSHEET C2.2

Read the cards describing the different coastal ecosystems.

 G Why are these ecosystems so important? What is their importance for local communities? List the reasons.

MANGROVES
Mangroves are trees and shrubs that live in the coastal 
intertidal zone. These trees thrive in salty or brackish water, 
in areas with low-oxygen soil. Mangrove forests only grow 
along tropical and subtropical coasts.
Mangrove forests protect the coastline by buffering wave 
action and reducing coastal erosion. Their intricate root 
system also makes mangrove forests attractive to fish and 
other organisms seeking food and shelter from predators. 
Mangroves have a high capacity for absorbing carbon di-
oxide from the atmosphere, which they can store in the soil 
beneath them.

SALTMARSHES
Saltmarshes occur in temperate and arctic regions. Their 
grasses, herbs and shrubs grow in the intertidal zone, 
frequently near estuaries, in salty or brackish water. Salt-
marshes are coastal wetlands that are regularly flooded at 
high tide. The soil therefore tends to be muddy and with 
very little oxygen. Saltmarshes protect the coastline by 
buffering wave action and trapping sediments. They reduce 
flooding by slowing and absorbing rainwater. They function 
like filters and clean chemical pollutants from the water. 
They are an important habitat, providing shelter, food and 
nesting grounds to birds. Saltmarshes also sequester and 
store CO2 from the atmosphere. 

SEAGRASS MEADOWS
Seagrasses, often confused with seaweed, are actually 
plants with roots and leaves that can even produce flowers 
and seeds. They can settle in muddy, rocky or sandy soils. 
They are found in shallow salty or brackish waters, from 
the tropics to the Arctic. They can form dense underwa-
ter meadows, sometimes so large that they can be seen 
from space. Seagrass meadows provide protection against 
coastal erosion. They can store CO2 in their roots and soil 
and are good filtering systems. They are home and provide 
food to a great community of animals.

Note: 
Intertidal zone is a zone that is submerged during high tide and emerged during low tide.
Brackish water is a mix of seawater and freshwater that is saltier than freshwater, but less salty than seawater.
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WORKSHEET C2.3

Observe the following maps 
showing the north coast of Aus-
tralia, as well as the coasts of 
Papua New Guinea’s and Indo-
nesia.

 G What do you notice about the 
distribution of mangroves, 
saltmarshes and seagrass 
meadows along theses 
coastlines?

Distribution of  Mangroves   Saltmarshes   Seagrass meadows 
Source: Adapted from UNEP Ocean Data Viewer – http://data.unep-wcmc.org/datasets

Now, look at the risk of "ooding 
along the same coastlines to-
day and at the risk associated 
with future sea level rise by the 
year 2100.

 G Are there more or less flood-
ed regions along coastlines? 

 G In flooded regions, are there 
zones with important coast-
al ecosystems (mangroves, 
saltmarshes or seagrass 
meadows)? 

 G What do you think will happen 
to these coastal ecosystems?

 G How do you think this may af-
fect local communities which 
depend on these ecosystems?

Flood-risk map for the year 2000.

TODAY

Flood-risk map for the year 2100 based on one possible future greenhouse gas emis-
sions scenario.

YEAR 2100

High risk Moderate risk Safe At altitude

Note: “Today” corresponds to a year between 2000 and 2015, depending on the available data.

http://data.unep-wcmc.org/datasets
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LESSON C3  
THE “WHITE” CRYOSPHERE AND ITS ALBEDO

PREPARATION 20 MIN

MATERIALS

For each group: 
• WORKSHEET C3.1;
• 1 white container or a container with white-colour-

ed ink;
• 1 blue container or a container with dark-blue-

coloured ink;
• 1 light bulb (at least 60 W, if possible, 100 W; no en-

ergy-saving lamps, use incandescent or halogen 

light bulbs), mounted on a support that can be !xed 
and tilted towards the table. Note: if the weather is 
sunny, the light bulbs may not be necessary – the 
experiments can be carried out in the sun.

• Thermometer.
Multimedia resources: video (sea ice and albedo). 
See page 182.

LESSON PREPARATION

1. Print or project WORKSHEET C3.1.
2. Download video from OCE’s website. See page 182.

INTRODUCTION 20 MIN

Start this session by showing the satellite image of 
the Arctic Ocean in WORKSHEET C3.1. The differ-
ence between the sea ice extent in 1979 and 2015 
is noticeable. Ask the students: What does the im-
age show? What are the differences between the 
two maps? They will observe that the white surface 
of the sea ice is retreating and being replaced by 
ocean, which has a much darker colour.

Recall lesson C1 on the melting cryosphere. We 
have learned that sea ice does not contribute to sea 
level rise. 
Now, ask the students: Why do we care about sea 
ice retreat if it does not contribute to sea level rise? 
Students generally come up with the polar bear be-
ing threatened because its hunting habitat is shrink-
ing. Polar bears are endangered due to the retreat of 
sea ice. The students will have identi!ed the areas 
covered by ice because of their white colour, where-
as the surrounding ocean is dark. Ask the students: 
Why is the colour of the ice important? Do you think 
that the difference in colour between the ice and the 
ocean is important? Why? Does the ice or the ocean 
take up more heat?

PROCEDURE 50 MIN

1. After the students have shared their hypotheses, 
ask them how they could check them. Encourage 

MAIN SUBJECTS

Natural sciences

DURATION

 ~ Preparation: 20 min
 ~ Activity: 1 h 30

SUMMARY

The students debate the role played by sea ice in the 
Earth’s climate and carry out an experiment to under-
stand the importance of the cryosphere as a surface 
with a high albedo. This lesson also provides an oppor-
tunity to discuss climate system feedbacks.

KEY IDEAS

 ~ Due to its white colour, the cryosphere reflects most 
incoming solar radiation. It therefore regulates the 
amount of energy absorbed by the Earth. 

 ~ The capacity of a surface to reflect solar radiation is 
called albedo.

 ~ Without the cryosphere, the temperature of the 
Earth's surface would be higher.

 ~ As the cryosphere melts, the Earth’s overall albedo is 
decreasing, which leads to additional warming. The 
surface covered by ice is shrinking faster every year. 
This initiates a dangerous cycle, called a positive 
feedback.

 ~ In the climate-ocean-cryosphere system there are 
many feedback loops (both positive and negative) 
that are very hard to stop once set in motion.

KEYWORDS

Cryosphere, reflection, albedo, additional warming, 
feedback loop

INQUIRY METHOD

Experimentation and documentary analysis
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them to carry out an experiment. Two examples of 
experiments are suggested:

 U Place the same quantity of water in two identi-
cal containers (with lids preferably) – one paint-
ed white (like the ice), the other one painted dark 
blue (like the ocean). Another possibility is to col-
our the water directly by mixing it with white or 
dark blue ink. Place the containers in the sunlight 
or under a light bulb. Measure the water temper-
ature in the two containers.

 U Carry out a similar experiment using two fab-
rics with different colours. You can, for example, 
measure the temperature under a white and a 
black T-shirt placed in the sun or under a lamp. 

(A) Experiment using two containers with coloured water.

(B) Experiment using two fabrics of different colours.

2. The students read and write down the temper-
ature values – for example, every 5 minutes, for ap-
proximately 20 minutes. Ask the students: Can you 
predict what will happen as time goes by?

3. During the 20 minutes, ask the students to draw 
two plots (one for the dark blue container and one for 
the white container) showing the change in temper-
ature. By comparing the two plots, they will see that 
the temperature of the dark blue container increas-
es faster than that of the white container. In the end 
of the experiment, the !nal temperature is higher for 
the dark container.

4. Discuss the results with the students. Ask them: 
Would you prefer to wear a white or a black T-shirt 
on a hot and sunny day? The students will !nd more 
connections between the !ndings of the experiment 
and their everyday experience. For example: What 
happens if a car is parked in the sun in summer? Does 
the colour of the car or the seats make a difference?

BACKGROUND FOR TEACHERS

As discussed in pages 8-11 of the Sci-
enti!c Overview, the equilibrium temperature 
at the Earth’s surface is highly dependent on 
the solar energy that reaches our planet. In 
lessons B1 and B2, we saw that the incom-
ing radiation absorbed by the surface of our 
planet is partially emitted back as infrared ra-
diation. However, not all incoming radiation 
is absorbed by the Earth’s surface; part of it 
is directly re"ected back to space. 

The colour of the Earth’s surface is not uni-
form; just think of oceans, snowy mountain 
tops, forests and sandy beaches. The whit-
er the surface, the more solar radiation it 
re"ects back to space. This whiteness is 
measured by a quantity named albedo. 
Ice and fresh snow have a high albedo (from 
40% to 80%), while the darker Arctic Ocean 
water has a low albedo (< 10%). When whit-
ish ice permanently melts on large sea sur-
faces, the darker surface of the new open 
ocean absorbs more energy. The ocean 
warms more, which leads to more melting, 
hence more open ocean, etc. This ampli!ca-
tion effect is called a positive feedback, the 
phenomenon being self-accelerating.

The climate system has multiple feedbacks, 
both positive (acceleration of change) and 
negative (slowing of change). Through these 
feedbacks, small changes to a few compo-
nents of the climate system can have a major 
impact and destabilize the current equilibri-
um of the entire system.
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WRAP-UP 20 MIN

Write the word “albedo” on the whiteboard and tell 
the students that ice has a greater albedo than sea-
water. Ask them to try to de!ne the word “albedo” 
given what they have observed. The students could 
come up with phrases like: Something has a high 
albedo when it re"ects sunlight well.

Sum up the results of lesson C1: large ice surfaces 
(ice sheets, sea ice and glaciers) are melting because 
of climate change. Ask the students: Given what we 
have just seen with light and dark containers, what 
might be the consequences of ice melting? What is 
so special about ice? At this stage, the students will 
understand that the total or partial retreat of sea ice 
leads to oceans becoming warmer.

The discussion must underline the existence of a 
positive feedback loop: the warmer the tempera-
ture of the atmosphere, the warmer the temperature 
of the ocean, the more ice melts and the more the 
albedo is reduced. This in turn leads to an increase 
in temperature in the atmosphere, and so on and so 
forth. You can have the students draw this loop on 
the whiteboard and discuss that there are many dif-
ferent feedbacks in the climate-ocean-cryosphere 
system which strongly in"uence the Earth's climate.

In this lesson, the albedo effect was discussed for 
melting sea ice, but melting glaciers and ice sheets 
have a high albedo too: as ice / snow melts, the col-
our changes from white to the colour of the rock / soil 

beneath, warming the surrounding cryosphere and 
increasing melting. In the Andes and some parts of 
Europe, like Switzerland, communities cover some 
glaciers with white blankets to reduce melting during 
summer.

 G TEACHER TIP 
The students may ask if global warming will result in more 
water evaporation, and hence more clouds (which are white 
when seen from space), which would lead to global cooling 
due to increased albedo. Indeed, this is what we call a neg-
ative feedback: a mechanism that counteracts the initial 
phenomenon (more evaporation → more clouds → great-
er albedo → lower temperature → less evaporation). 
It is the balance between the climate system’s positive 
and negative feedbacks – some of which may still be un-
known – that will determine the evolution of the future cli-
mate. Climate models try to take into account all of these 
feedbacks.

OPTIONAL EXTENSION

Study the impact of the melting sea ice on polar eco-
systems and indigenous populations.

 G PROGRESSION TIP 
See lessons D2 (page 102) and D3 (page 123).

Plots showing the change in temperature in the two containers used in 
experiment (A) on the previous page.
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WORKSHEET C3.1

The two images show the Arctic sea ice extent during the month of September, in the year 1979 and in the 
year 2015.

 G What can you observe?

SEPTEMBER 1979

SEPTEMBER 2015

Source: NASA – https://svs.gsfc.nasa.gov/4435

https://svs.gsfc.nasa.gov/4435
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LESSON C4  
OCEAN ACIDIFICATION

PREPARATION 10 MIN

MATERIALS

• 1 straw and 1 container (for each group);
• 3 different seashells and 3 containers;
• Liquids to test acidity: water, vinegar, soft drinks, 

lemon juice, etc.
• pH meter or pH testing kit for swimming pools or 

red-cabbage juice (for each group);

Multimedia resources: video (ocean acidi!cation). 
See page 182.

LESSON PREPARATION

Download the video on the OCE's website. See page 
182.

 G TEACHER TIP
If you do not have a pH meter or a swimming pool pH test-
ing kit, you can make “homemade” red-cabbage juice as 
follows:

 U Cut the red cabbage into small pieces, place them in a 
container and put the container in the freezer for a few 
hours. This will break up the cell walls of the red cab-
bage and give an even more intense colour to the juice.

 U Pour boiling water onto the red cabbage pieces. The 
water turns dark purple. Pour the red cabbage juice 
through a strainer, and there you are: your red cabbage 
juice is ready.

 U To test the red cabbage juice, blow through a straw into 
a glass of red cabbage juice, and check whether the 
colour changes from a dark violet to a more pinkish vi-
olet. If you add vinegar, the solution should turn a bright 
magenta colour, whereas adding sodium bicarbonate 
(baking soda) changes the solution greenish blue.

You should test the red cabbage juice in advance to make 
sure it works. It works best if you do not store it for too long 
before using it (one day). If you store it in the freezer, it can 
be kept for months.

INTRODUCTION 20 MIN

Ask the students: What do you think happens to 
all the CO2 in the atmosphere? Does it stay there? 
Where else can it go? Some students will probably 
mention that plants absorb CO2, but they will prob-
ably not be aware that a lot of CO2 is absorbed by 
the oceans.

Ask the students what they think happens when CO2 
dissolves in the oceans. They may have some sug-
gestions, such as possible effects on marine animals 
and water pollution. Discuss the fact that the ocean 
actually becomes more acidic as the CO2 concentra-
tion in the water increases.

MAIN SUBJECTS

Natural sciences

DURATION

 ~ Preparation: 10 min
 ~ Activity: 1 h 30

SUMMARY

The students perform an experiment to understand the 
link between acidity and pH, and also between CO2 con-
centration in the atmosphere and ocean acidification. 
They discuss the effects of ocean acidification on ma-
rine organisms.

KEY IDEAS

 ~ The oceans’ CO2 uptake is increasing.
 ~ The oceans are an important CO2 sink. They have 

absorbed almost 30% of anthropogenic CO2 in the 
past 200 years.

 ~ Once dissolved in the ocean, CO2 reacts with water 
to form carbonic acid, and contributes to an increase 
in ocean acidity.

 ~ The seashells of marine organisms dissolve in very 
acidic water.

 ~ Building new shells becomes increasingly difficult as 
ocean acidity increases.

 ~ Shellfish, corals, plankton, sea urchins and starfish 
are some of the marine organisms that are affected.

KEYWORDS

Ocean acidification, CO2 uptake, carbonic acid, pH

INQUIRY METHOD

Experimentation
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Ask the students for some examples of acidic liquids 
(vinegar, lemon juice, etc.), and then introduce the 
pH meter. Alternatively, you can use a pH testing kit 
for swimming pools or red cabbage juice. 

 G TEACHER TIP
If the class has done lesson B1, B2 or B3, the students al-
ready know that increased CO2 emissions into the atmos-
phere are contributing to global warming. If not, consider 
doing a brief documentary research to introduce this idea 
(for example, analysing the correlation between global tem-
peratures and changing CO2 levels since the industrial rev-
olution). In the previous lessons, some of the consequences 
of this global warming were studied. However, increasing 
atmospheric CO2 concentration has other consequences 
besides global warming, namely ocean acidification.

PROCEDURE 1 H

PART 1 (30 MIN): OCEAN ACIDIFICATION

1. In groups, the students measure the pH of differ-
ent liquids (water, vinegar, soft drinks, lemon juice, 
etc.). This allows them to understand the relationship 
between pH and acidity. Once this relationship is un-
derstood, they can proceed to the following step.

Students performing pH tests.

2. Ask the students: Do you have an idea of how we 
could test whether our hypothesis that CO2 increas-
es the acidity of seawater is correct?
Blowing through a straw in a glass of water over sev-
eral minutes is enough to demonstrate that this hy-

pothesis is true. The students can add salt to the wa-
ter to make it more like seawater. This also increases 
the initial pH of the water (around 8 for seawater). 
Additionally, it makes it easier to see a colour differ-
ence before and after blowing into the straw when 
using red cabbage juice as a pH indicator.

3. Tell the students about the capacity of seawater 
to take up CO2 and how this leads to ocean acidi!-
cation. In the last 200 years, the oceans have already 
absorbed around 30% of the anthropogenic CO2.

By blowing through a straw, students add CO2 to the water.

PART 2 (30 MIN): CONSEQUENCES OF OCEAN ACIDIFI-

CATION FOR MARINE ORGANISMS

4. Ask the students: What do you think will happen 
to marine organisms living in the oceans? Common 
answers include that marine organisms are poisoned 
or asphyxiated by CO2, or they show deformations, 
do not reproduce or reproduce less, etc. 

5. Ask the students to think of an experiment which 
could show whether acids can harm marine organ-
isms. The solution is to use remains or dead bodies of 
animals (corals, shells, etc.). Before carrying out the 
experiment, ask the students to predict the result. A 
few possible hypotheses raised by the students:

 U In vinegar, the shell will break into several pieces.
 U In vinegar, holes will appear in the shell.
 U The shell will be discoloured in vinegar.
 U The shell will disappear in vinegar.
 U There will be no visible difference between water 

and vinegar.

6. The experiment could be similar to the following:
 U Place three shells (or the like) in three different 

solutions: in water (control experiment), in water 
mixed with vinegar, and in pure vinegar. After a few 
minutes, the shells begin to dissolve – bubbles 
appear and the water becomes opaque. Ask the 
students What do you think the bubbles are made 
of? They are made of carbon dioxide, which is pro-
duced when an acid (vinegar) reacts with the cal-
cium carbonate of the shells. If left overnight, the 
shell placed in vinegar may dissolve completely.
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 U The students should be aware that this experiment 
is an exaggeration: Vinegar is much more acidic 
than seawater (vinegar has a pH of 2-3, whereas 
seawater, in 2013, had a pH of around 8.05).

 G TEACHER TIP
Different shells have a different chemical compositions; 
depending on the amount of calcium carbonate in the shell, 
the reaction to vinegar may vary (more or less bubbles will 
appear).

Shells dissolving in vinegar. 

Students observing the effect of vinegar on shells. 

WRAP-UP 10MIN

To conclude, show the video explaining how ocean 
acidi!cation affects the shells of plankton and cor-
als. The class should then come up with a group 
conclusion on the effects of ocean acidi!cation on 
marine organisms: not only can the shells of ma-
rine organisms be damaged, the formation of new 
shell material can be hindered as well. Ocean acid-
i!cation affects all animals that have a shell or an 
exoskeleton 1 made of calcium carbonate.

 G PROGRESSION TIP
You may directly proceed to lesson D2 (page 102) if the 
students would like to understand the potential impacts of 
ocean acidification on ecosystems (impacts on the food 
web).

1 An exoskeleton is an external skeleton – it is found outside 
rather than inside the body. Humans, for example, have an 
internal skeleton, whereas a crab has an exoskeleton.

BACKGROUND FOR TEACHERS

We have seen how CO2 contributes to glob-
al warming. However, there is another very 
important consequence of the increasing at-
mospheric CO2 concentration: the increasing 
ocean uptake of CO2, which leads to ocean 
acidification.

ACIDITY AND PH

An acid is a substance that, when dissolved in 
water, increases the amount of H+ ions. These 
highly reactive ions are involved in many 
chemical reactions (for example, an acidic 
solution not a very convincing example). 

pH is a unit that measures the concentra-
tion of H+ ions. It is a logarithmic scale: a 
pH = 6 solution is ten times more acidic than 
a pH = 7 solution, itself ten times more acidic 
than a pH = 8 solution, and so on. A solution 
is considered acidic if its pH is lower than 7, 
neutral when its pH equals 7, and basic, or 
alkaline, if its pH is higher.

OCEAN ACIDIFICATION

As detailed on page 17 of the Scienti!c 
Overview, around one quarter of the 40 bil-
lion tons of CO2 emitted each year by human 
activity is absorbed by the ocean. Part of it is 
taken from the water by phytoplankton, part 
of it is sequestered by plants and sediments 
in vegetated coastal ecosystems (see lesson 
C2, page 75), and part of it dissolves in 
the ocean. Once dissolved in seawater, CO2 
reacts with water molecules (H2O) to form 
carbonic acid H2CO3.

This is a reversible reaction, but if the amount 
of CO2 is too high, the production of carbon-
ic acid is predominant. The reaction that 
follows naturally is the dissociation of car-
bonic acid into H+ ions and bicarbonate ions 
HCO3

-. Gradually, this reaction contributes to 
ocean acidi!cation (due to the increase of H+ 
ion concentration and the resulting pH de-
crease). 

Marine organisms with exoskeletons or shells 
use calcium carbonate (CaCO3) to produce 
them. Calcium carbonate is formed in the re-
action of calcium and carbonate ions.

[...]
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If there is an excess of H+ ions (as is the case 
in an acidic ocean), the CO3

2- ions will tend to 
associate preferentially with H+ ions rather than 
with Ca2+ ions, preventing the previous reaction 
from taking place and thus making it very dif!cult 
for some marine organisms (marine calci!ers) 
to build shells or calcium carbonate skeletons. 
Moreover, if the concentration of H+ ions is so 
high that they can no longer !nd other ions to 
bind to, they may even cause the separation of 
CaCO3 molecules that already exist in the shells 
and exoskeletons of those organisms, thus con-
tributing to their progressive degradation. When 
this happens, we say that the shells “dissolve” 
in the acid solution. Hence, CO2 absorption by 
the oceans has a double impact on marine or-
ganisms: it makes forming new shells and ex-
oskeletons more difficult and can deteriorate 
those that already exist.

Global mean pH has dropped by around 0.1 
units since the industrial revolution to around 
8.05 in 2013. A small increase in ocean acidity 
(even if seawater pH remains above 7) is enough 
to affect marine calci!ers at their different de-
velopment stages. The experiment performed 
in this lesson, with seashells and vinegar, shows 
the effect of ocean acidi!cation on marine calci-
!ers, exaggerated for educational purposes (the 
pH of vinegar is much lower than the real pH of 
seawater).

The pH of seawater is expected to further de-
crease by between 0.3 to 0.4 units by 2100, de-
pending on future emissions. As a result, many 
species (including corals) are threatened, with a 
direct impact on marine biodiversity, but also on 
the economy and human food security.

[...]

DRAIN
CLEANER

BLEACHES

LYE

+
MILK

+ -

14

BASE
pH

ACID

13

12

11

10

9

8

7
NEUTRAL

6

5

4

3

2

1

0

Liquid drain cleaner
pH = 14

Bleaches, 
oven cleaner, lye
pH = 13.5

Ammonia solution
pH = 10.5 - 11.5

Baking soda
pH = 9.5

Sea water
pH = 8

Blood
pH = 7.4

Milk, urine, saliva
pH = 6.3 - 6.6

Black coffee
pH = 5

Grapefruit juice, soda, 
tomato juice
pH = 2.5 - 3.5

Lemon juice, vinegar
pH = 2

Battery acid, 
hydrochloric acid
pH = 0

pH scale and examples of different solutions.
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LESSON C5  
MARINE CURRENTS AND CLIMATE REGULATION (ADVANCED STUDENTS)

PREPARATION 15 MIN

MATERIALS

• WORKSHEET C5.1;
• Tanks !lled with water at room temperature and a 

sponge (one for each group);
• Three small containers (bottle, teacup, other);
• A kettle;
• Cold water;
• Food colouring;
• Salt;

Multimedia resources: videos (marine currents and 
El Niño).

LESSON PREPARATION

1. Print out WORKSHEET C5.1 (one for each group).
2. Put water in the fridge the day before.
3. Download video from the OCE's website. See 

page 182.

INTRODUCTION 20 MIN

Hand out a map of the thermohaline circulation 
(WORKSHEET C5.1) to each group and ask the stu-
dents about the meaning of the red and blue col-
ours (warm and cold water) and the direction of the 
arrows (sinking and rising water). What is shown on 
the map? The map shows the movement of water in 
the oceans: the ocean currents. What happens to the 
warm water when it reaches the poles?

PROCEDURE 50 MIN

PART 1 (30 MIN): THERMAL CURRENTS

1. Ask the students to design an experiment that al-
lows them to test what happens when a region of the 
ocean is either cooled or warmed. Once a protocol is 
agreed on, ask the students to predict the result. 

2. The students, divided into small groups, can car-
ry out an experiment like this: 

 U Fill a tank with water at room temperature. It rep-
resents the ocean.

 U Fill a small container with warm water, coloured 
red (red is usually associated with “warm”). You 
may use a kettle, but the water does not need to 
boil.

 U It helps to place a sponge "oating at the water 
surface and to pour the hot water onto it. The hot 
water is absorbed by the sponge before it starts 
diffusing. The hot water remains at the surface.

MAIN SUBJECTS

Natural sciences

DURATION

 ~ Preparation: 15 min
 ~ Activity: 1 h 30

SUMMARY

The students carry out two experiments to determine 
how differences in the density of seawater (which de-
pend on salinity and temperature differences) can drive 
ocean currents. The analysis of a thermohaline circula-
tion map helps them understand how marine currents 
influence climate worldwide.

KEY IDEAS

 ~ Freshwater is less dense than saltwater. Warm wa-
ter is less dense than cold water. Water that is less 
dense rises; water that is more dense sinks.

 ~ The oceans, land and atmosphere exchange heat 
and moisture. The sun is the main motor of oceanic 
and atmospheric circulation.

 ~ Density differences drive thermohaline circulation, 
which acts as a global conveyor belt transporting 
ocean water within and throughout all ocean basins.

 ~ Marine currents play a key role in regulating global 
and regional climate.

 ~ Changes in ocean circulation have a major impact on 
regional climates and affect the Earth's ecosystems.

KEYWORDS

Density, salinity, thermohaline circulation, marine cur-
rents

INQUIRY METHOD

Experimentation and documentary analysis
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 U Fill another small container with cold water, 
coloured blue (usually associated with “cold”).

 U Pour the cold water over the sponge in the tank 
and observe what happens. The blue water sinks 
to the bottom of the tank.

The cold-water sinks to the bottom of the tank. 

3. Ask the students: Do warm and cold water be-
have similarly in the ocean?

 G TEACHER TIP
Cold water is denser than warm water, hence it can be 
thought of as being “heavier”. The word density will be in-
troduced at the end of the lesson.

PART 2 (20 MIN): SALINE CURRENTS

4. The students can do a similar experiment by re-
placing the hot and cold water with saltwater:
A small container is !lled with water in which a large 
amount of salt has been dissolved (i.e. 5 tablespoons 
of salt for one cup of water).

5. The students pour the saltwater onto the sponge 
and observe what happens. Saltwater is denser than 
freshwater and thus it sinks.

While the above experiments may appear to be very 
simple, they usually create astonishment: The stu-
dents see water “rising” or “sinking”! This is because 
cold water is denser than warm water, and saltwater 
is denser than freshwater. If the students have al-
ready dealt with buoyancy, they can apply their pre-
vious knowledge to these experiments.

 G TEACHER TIP
At equal mass, denser water has a lower volume. This is 
why it sinks. The density is defined as: 

Density = 
Mass

Volume
This can be checked using an accurate scale: weigh an 
equal volume of hot and cold water. You will see that hot 
water has a smaller mass because it is less dense.

BACKGROUND FOR TEACHERS

Ocean circulation and currents play a central 
role in regulating the climate and supporting 
marine life by transporting heat, carbon, oxy-
gen, and nutrients throughout the ocean. The 
global ocean circulation can be divided into two 
major components: 1) the fast, wind-driven, up-
per ocean currents, and 2) the slow, deep ocean 
circulation. These two components act simul-
taneously to drive the “meridional overturning 
circulation”, the movement of seawater across 
basins and depths. 

In this lesson, we focus only on slow, deep 
ocean circulation. This component is some-
times referred to as “thermohaline” circulation, 
due to its dependence on changes in temper-
ature (from the greek word “thermos” meaning 
“warm”) and salinity (from the greek word “hal-

inos” meaning “salty”), both of which modify the 
density of seawater. When a parcel of seawa-
ter cools or gets saltier, its density increas-
es and it “sinks” by way of a process called 
vertical mixing. This “sinking” occurs primarily 
in high latitudes, where heat loss to the atmos-
phere and sea ice formation lead to signi!cant 
changes in temperature and salinity. Marine 
surface currents have a considerable effect on 
coastal temperatures and living conditions, as 
shown by the Gulf Stream, which, together with 
westerly winds, is responsible for the mild Eu-
ropean climate. 

The role of ocean currents on the climate system 
and the effects of climate change on the over-
turning circulation are further in pages 10 and 
18 of the Scienti!c Overview, respectively.
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WRAP-UP 20 MIN

Look at the thermohaline circulation map again. In 
colder regions like the poles, the currents "ow into 
deep water. Ask the students: Why do the currents 
“sink” into deep water at the poles?

 G TEACHER TIP
In reality, the answer to this question is very complicated 
– see the background for teachers. In this lesson, we have 
explored only two of the most important driving forces of 
ocean currents.

The students will probably answer that it is because 
the water is colder, which is partially true. 

Ask the students: Besides being colder, there is an-
other reason for it to sink. What could it be? Since 
they have seen that saltwater sinks in freshwater, 
they might answer that it is because the water is salt-
ier as well – although it is counterintuitive. 

The question that arises next is: Why would the wa-
ter at the poles be saltier? Wouldn’t you think that 
with all the freshwater that is produced from melting 
sea ice, it would be less salty? They will most prob-
ably be confused, not understanding where the salt 
comes from. 

Ask them: How does sea ice form? They will answer: 
from freezing seawater. At this point, you have to 

1 Brine is a solution of water and a high concentration of salt.

give them the information that sea ice is not salty 
– except for some brine 1 con!ned in brine pockets 
in the ice. (Brine is a solution of water and a high 
concentration of salt.)

Ask them: Seawater is salty whereas sea ice is not. 
So, when sea ice forms, where does the salt go to? 
It actually goes into the surrounding water. And what 
happens when water becomes saltier? It gets denser 
and sinks. Therefore, there are two reasons for the 
water to sink at the poles: it sinks because it is cold-
er and it sinks because it is saltier.

Introduce the students to the key role marine cur-
rents play for the world’s climate: for example, they 
transport heat from the equator to the poles. Discuss 
the impacts of climate change on marine currents 
and the resulting consequences for the climate in 
different regions. Climate change impacts the ma-
rine currents because it affects both water temper-
ature and salinity (through the melting of sea ice, for 
example). 

The contribution of the ocean to climate regulation 
will be discussed again in lesson C6 (page 92).

OPTIONAL EXTENSION

High school students may study the El Niño phenom-
enon, as an example of the important role played by 
marine currents in the world’s climate. 
A video on El Niño is available on the OCE's website. 
See page 182.
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WORKSHEET C5.1

The !gure below shows the thermohaline circulation map: deep currents, cold and saline, are shown in blue; 
whereas warm surface currents are shown in red and regions of "sinking" or "surfacing" currents are shown 
in yellow.

The Gulf Stream, and its extension, the North Atlantic current, is a warm ocean surface current. This current 
"ows from Florida to the northeast, !rst along the east coast of North America, and then across the Atlan-
tic towards Europe. On its way north, the current warms the air above the ocean and its water cools down. 
Furthermore, because part of the water in this surface current evaporates, the salt content of the water – the 
salinity – increases.

In two places – north-east of Iceland and south-west of Greenland – part of the water of the North Atlantic 
current sinks into the depths of the ocean. The temperature difference is only one of the reasons for it to sink. 
The other reason is that the salinity of this current is higher than the salinity of the surrounding water at both 
locations.

ARCTIC OCEAN

SOUTHERN
 OCEAN

PACIFIC
OCEAN

ATLANTIC
OCEAN

INDIAN
OCEAN

Deep current, cold and saline Shallow and warm current Regions where currents "sink" or "surface"

The global ocean conveyor belt is a constantly moving system of ocean circulation driven by differences in 
seawater density. It is also called the thermohaline circulation.
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LESSON C6  
OCEAN’S THERMAL INERTIA AND CLIMATE REGULATION (ADVANCED 
STUDENTS)

PREPARATION 15 MIN

MATERIALS

For each group:
• WORKSHEET C6.1; 
• 1 kg of water;
• 1 kg of sand, soil and / or semolina;
• 2 containers.

LESSON PREPARATION

Print copies of WORKSHEET C6.1 (one for each 
group).

INTRODUCTION 10 MIN

Start by asking the students: How can oceans in-
fluence climate? We sometimes hear the expression 
“oceanic climate”. What does that mean? How can 
oceans have an influence on a region’s climate? Is 
the climate of an inland region very different from the 
climate of a coastal region? A documentary analysis 
will help answer these questions.

PROCEDURE 40 MIN

PART 1 (10 MIN): THE OCEAN’S INFLUENCE ON REGION-

AL CLIMATES

1. Divide the students into groups and hand out a 
copy of WORKSHEET C6.1 to each group. Each group 
should focus on a single graph.

2. Ask: What are the similarities and differences be-
tween the temperature curves of the two cities? The 
students will probably !rst observe that, for all tem-
perature curves, the temperature is higher in sum-
mer and colder in winter.

3. Guide them so they notice that the temperature 
range between maximum (solid lines) and minimum 
(dotted lines) temperatures (and also between sum-
mer and winter) is narrower for blue curves than for 
red curves. If you have a map, ask the students to 
locate each city on the map. What do red curve re-
gions have in common? And blue curve regions? Blue 
regions are located near the coast, while red regions 
are located in continental interiors. In other words, 
“oceanic” climates have milder winters and cooler 
summers when compared to “continental” climates. 
The continental climate is also drier (not shown).

PART 2 (30 MIN): THE THERMAL INERTIA OF WATER

4. Building on the previous discussion, ask the stu-
dents: If the air is really warm, which one do you think 
will warm first, the ocean or the land? Ask them to 
design an experiment to test their hypotheses.

MAIN SUBJECTS

Natural sciences

DURATION

 ~ Preparation: 15 min
 ~ Activity: 1 h

SUMMARY

Through a documentary analysis and an experiment, 
the students learn about the role of the ocean’s thermal 
inertia (compared to the land) in climate regulation.

KEY IDEAS

 ~ The oceans absorb most of the solar radiation reach-
ing the Earth (approximately 70% of the Earth is cov-
ered by oceans).

 ~ The oceans are an important heat sink and have 
already absorbed 90% of the heat from global 
warming.

 ~ The oceans’ capacity to absorb heat and their large 
thermal inertia contribute to regional and global cli-
mate regulation.

 ~ The large thermal inertia of the oceans means that 
they cool down slowly when cooled and warm up 
slowly when heated.

 ~ The oceans contribute to a mild climate – warmer 
winters and cooler summers – along the coastlines.

KEYWORDS

Thermal inertia, heat sink, climate regulation

INQUIRY METHOD

Experimentation; documentary analysis
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5. The groups perform an experiment, for example 
as follows:

 U Place an identical mass of water and sand (or soil 
or semolina) in two similar containers.

 U Place the containers on a radiator.
 U Measure and note the temperature of both con-

tainers every 5 minutes for half an hour.

 G TEACHER TIP
A measuring example: the temperature of 1 kg of semo-
lina rises by 17°C within about half an hour. At the same 
time, the temperature of the same mass of water (1 kg) 
only increases by 6°C. Instead of placing the containers on 
a radiator, you can place them in a refrigerator – preferably 
on the same shelf to ensure the temperature is the same. 
Measure the cooling time of the water and the other mate-
rial: the water cools down more slowly.

WRAP-UP 10 MIN

Discuss the different heating or cooling times ob-
served for the two materials. The degree of slow-
ness with which a material changes its temperature 
in response to the surrounding temperature is called 
thermal inertia. How does this relate to cities near 
the coast heating and cooling less than cities inland? 
The ocean temperature does not vary as much as 
the land temperature – it does not heat or cool as 
much. This in"uences the climate of coastal cities, 
which have a “temperate” climate. The students may 
conclude: “Oceans are less sensitive to temperature 
variations than land – they have a greater thermal in-
ertia than land. As a consequence, regions near the 
coast have milder climates than continental regions.”

To further develop the topic, you can ask the stu-
dents: Which one of the two do you think is capable 
of absorbing more heat before reaching the same fi-
nal temperature: the ocean or land? The answer is: 
the ocean. Recall the !rst lesson on climate change 
and ask the students: How do you think the ocean 
and land will react to a global temperature increase? 
The atmospheric temperature has increased by 1°C 
since pre-industrial times, while the ocean temper-
ature near the surface has increased by only 0.6°C. 
However, we know that 90% of the excess energy 
due to climate change has been stored in the ocean, 
and only 1% has been stored in the atmosphere. 

BACKGROUND FOR TEACHERS

Inertia is the property of all physical sub-
stances to resist change. Liquid water has 
a large inertia with respect to changes in 
temperature: we say it has a large thermal 
inertia. This means that seawater can ab-
sorb a signi!cant amount of energy before 
warming up and, inversely, it can release a 
signi!cant amount of energy before cooling 
down. This helps reduce local climate vari-
ations, which are otherwise driven by the 
atmosphere and land surface, and explains 
the signi!cant differences between oceanic 
(warmer winters and cooler summers) and 
continental climates (greater daily and in-
terseasonal temperature variations). Howev-
er, seawater’s large thermal inertia and the 
huge volume of the ocean also mean that, 
even if humans stop emitting greenhouse 
gases and the ocean heat uptake is therefore 
reduced, the ocean will take a very long time 
(possibly thousands of years) to cool down 
to its pre-industrial temperature.
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WORKSHEET C6.1

Look up the different cities in the map. 
Notice that each pair of cities in the 
same graph is located at a similar lat-
itude.

 G How far are they from the sea?

Brest

Moscow

Lisbon
Casablanca
Marrakesh

Madrid

Strasbourg

Copenhagen

 G What are the similarities and differences between the temperature curves of the two cities of each graph? 
 G What do you think are the reasons?

COPENHAGEN Temp. max. (°C) Temp. min. (°C)

MOSCOW Temp. max. (°C) Temp. min. (°C)
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Source: Météofrance data


