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Ocean and climate 
change

This resource is a guide for a professional development 

workshop for teachers, about the relationship between 

the ocean and the climate, and specifically about the 

consequences of climate change for the oceans. Teach-

ers carry out experiments to investigate glacier and sea 

ice melting, sea level rise, ocean acidification, and its 

consequences for biodiversity.

OVERVIEW

Participants wonder about the consequences of climate 

change for the oceans. They realize, using simple experi-

ments, that the melting of continental ice and the thermal 

expansion of water lead to a rise in sea level, but not the 

melting of sea ice. On the other hand, they discover that 

the melting of sea ice is responsible for an amplification 

and acceleration of global warming, due to the albedo of 

ice, which is very different from the ocean’s.

Participants also highlight, with experiments, the disso-

lution of CO2 in water, and its consequences in terms of 

ocean acidification. They understand the consequences 

of this acidification for biodiversity, particularly for corals 

and phytoplankton.

Two extensions are suggested, one on the thermal inertia 

of the oceans, the other on marine currents, and their 

possible disruption due to global warming.

These different simulations also provide a good intro-

duction to science teaching using an inquiry-based 

approach.

Summary

3 Overview and required material

4 Initial representations 

5 Sea level rise : ice melting

8 Sea level rise : thermal expansion 

10 Sea ice melting and albedo 

12 Ocean acidification

14 Consequences of ocean acidification on marine 
biodiversity

17 Follow-up workshops 

17 Attached documents



Terms and conditions

The OCE encourages the use, reproduc-

tion and dissemination of this material. 

Except the photos, material may be copied, 

downloaded and printed for private study, 

research and teaching purposes, or for use 

for non-commercial purposes.

All request for translation and adaptation 

rights should be made via contact<at>oce.

global. OCE information products are avail-

able on the OCE website.

Date of publication

January 2019.

Photos

Mathilda Khoo (cover)

OCE (cover, page 9 & 11)

Lydie Lescarmontier (page 5 & 7)

Jimmy Chang (page 14)

Dadriaen (page 16)

Tania Van den Berghen (page 17)

Art work

Mareva Sacoun.



3   |   OFFICE FOR CLIMATE EDUCATION   Ocean and climate change – WOrkshOp3   |   OFFICE FOR CLIMATE EDUCATION   Ocean and climate change – WOrkshOp

KNOWLEDGE GOALS

 — Sea level rise

 — Thermal expansion

 — Radiation

 — Albedo

 — Glacier melting

 — Ocean acidification

 — Positive feedback

 — Complex system

 — (extension) Thermohaline circulation

 — (extension) Thermal inertia

SKILL GOALS

 — Implement an experimental protocol

 — Understand what a model is

 — Discuss the relevance of an analogy and its limita-

tions

 — Represent results in graphical form and analyse them

 — Become familiar with science education through an 

inquiry-based approach

GENERAL

 — Video projector

 — Whiteboard + erasable markers

 — Posters (or paperboard) + markers

 — Access to water

 — Tables prepared for working as groups of four people

FOR THE ENTIRE GROUP

 — 1 kettle

 — 2 thermometers

 — 2 identical light bulbs (at least 60 W, if possible 100 W; 

use incandescent or halogen bulbs instead of ener-

gy-saving lamps), mounted on a support that can be 

fixed and tilted towards the table. Note : if the weather 

is sunny, the light bulbs are optional, since you can car-

ry the experiments outdoors, under sunlight.

 — 2 very thin tissues, one white, the other black

 — 1 bottle of limewater

 — 1 bottle of white vinegar

FOR EACH GROUP OR COLLECTIVELY

 — 1 electronic pH meter or a pH measurement kit for 

swimming pools (which should cost about ten euros)

 — 3 transparent glasses

 — Some ice cubes (prepare beforehand!)

 — 2 straws

 — 1 large plastic syringe

 — 1 small bottle or a small flask with cap (plastic) + 1 

transparent straw + adhesive putty. To prepare be-

forehand : drill the cap to the diameter of the straw, 

insert the straw, and waterproof the device with the 

help of the adhesive putty

 — A container in the format of an aquarium, if possible 

made of glass and with a flat bottom

 — Food dye (of any colour)

 — Paper towels

 — 1/4 litre of fresh water (refrigerated)

 — 3 shells or pieces of dead coral

PROFESSIONAL DEVELOPMENT RESOURCE
OVERVIEW

AUTHORS

David Wilgenbus (OCE), Mathieu Hirtzig (Lamap), Mariana Rocha 
(OCE).

RESOURCE TYPE

Professional development resource. 

PUBLIC

1st through 9th grades teachers. 

DURATION

3 hours (+2 hours, depending on possible extensions).

SUBJECTS

Natural Sciences and Geography.

KEYWORDS

Ocean, albedo, sea ice, glaciers, sea level, expansion, acidifica-
tion, CO2, biodiversity, thermal inertia, thermohaline circulation, 
marine currents, salinity.

PEDAGOGICAL APPROACH

Experimentation, inquiry-based learning.

REQUIRED MATERIAL

Overview and required material
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Divide teachers into small groups (ideally, four people 

per group) and ask each group to, collectively, explain 

how the ocean and the climate are linked. As they pres-

ent their explanations, note their answers on the board, 

without seeking to correct them at this point.

Two types of answers generally appear :

Some (a minority) refer to the regulating role of the 

oceans on climate. The reasons given are mainly em-

pirical (for example, “ oceanic climates are less polar-

ized than continental climates ”) and are rarely linked to 

an attempt to explain a particular physical phenomenon 

(marine currents, thermal inertia, water cycle).

Others (in greater numbers) mention the impacts of 

climate change on the oceans. The most frequently 

encountered answers are :

 — The melting of sea ice leads to a sea level rise (which 

is not true, as this workshop shows).

 — Climate change will cause the Gulf Stream to disap-

pear, leading to a severe cooling in Europe (which is 

also not true : approaching this aspect is proposed 

as an extension).

 — Warming causes ocean acidification (which, formu-

lated as is, is wrong : both warming and acidification 

are consequences of CO2 emissions, but acidifica-

tion is not caused by warming).

 — Warming will lead to an increase of the frequency 

and intensity of cyclones (there is often confusion 

between cyclones and storms).

 — Global warming leads to asphyxiation of the ocean 

ecosystems (which is not true : the role of CO2 “ ferti-

lization ” is generally ignored).

 — Rising sea levels will lead to population migrations and 

to a decline in freshwater resources (which is true).

PART 1

Initial representations 

ARCTIC OCEAN

SOUTHERN
 OCEAN

PACIFIC
OCEAN

ATLANTIC
OCEAN

INDIAN
OCEAN

Heat released 
to the air

Heat released to the air

Deep current, cold 
and saline

Shallow and warm current

The global ocean conveyor 
belt is a constantly moving 
system of ocean circulation 
driven by differences in 
seawater density (also 
called the thermohaline 
circulation)
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Explain that the group will focus on the effects of cli-

mate change on the ocean (thermal inertia and marine 

currents are the subject of another workshop, specific 

to those topics), with a particular focus on sea level rise 

(since this is usually the first thing that is emphasized in 

the participants’ proposals).

Ask participants to elaborate their thoughts on the link 

between ice melting and the mentioned rise. The collec-

tive debate highlights a possible difference between 

the melting of continental ice (which everyone thinks 

contributes to sea level rise) and the melting of sea 

ice (that divides opinions).

Invite the groups to envision, in five minutes, one or 

more experiments to separate these two hypotheses. 

Each group designates a representative to draw and ex-

plain their plan on the board.

Despite the simplicity of the experiment that will be 

done (see below), which may seem trivial, the group of-

ten needs to spend some time improving the procedure :

 — Some people do not know, for example, if they 

should measure the water level before or after plac-

ing an ice cube inside the glass. The answer is, nat-

urally, “ after ” : the purpose of the experiment is not 

to verify whether introducing an ice cube raises the 

water level, but to know whether the melting of the 

ice cube will raise the water level.

 — Others (more rarely) offer an experiment that mixes 

several parameters. For example, a container con-

taining water with an ice cube placed into the water 

and an ice cube placed outside water (on a small 

promontory simulating a continent). In this case, a 

possible rise in water level cannot be linked to either 

the melting of the “ sea ice ” or the melting of the 

“ glacier ”.

PART 2

Sea level rise : ice melting
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Initial 
water level

Ice cubes above water

Floating ice cubes
Initial

water level

BEFORE

First container Second container

New water levelThe initial and 
final water levels 
are the same

AFTER

First container Second container

Sea ice melting doesn’t cause the 
water level to rise.

Melting of continental glaciers 
causes the water level to rise.

After all ice cubes melt

The procedure that gathers consensus is as follows :

Pour water into a first container (for example, a 

drinking glass), along with one or more ice cubes 

(beware, there must be enough water for the ice 

cubes to float, without touching the bottom of the 

container). This ice cube represents sea ice. Then, 

measure and record the water level, and wait for the ice 

cube to melt to see if said level increases, decreases, or 

remains the same.

At the bottom of a second container, place an ob-

ject (representing a continent) with one or more ice 

cubes on top of it (representing continental glaciers). 

Pour water around the continent (without submerging it : 

the ice cubes must remain out of the water) and then 

measure and record the water level. Finally, wait for the 

ice cubes to melt.

Gathering the information from the experimental results, 

we can conclude that the sea level rises when conti-

nental glaciers melt, but doesn’t when sea ice melts.

You can explain why is it that, when an ice cube melts 

inside a glass of water, the water level doesn’t rise : the 

emerged portion of the ice cube, initially out of the wa-

ter, will melt and contribute to raising the water level, 

while the submerged portion, by melting, will contrib-

ute to lowering the water level, because (for the same 

amount of water, that is, for the same mass) ice occu-

pies a larger volume than liquid water. Concluding, you 

explain that these two phenomena exactly compensate 

each other, which is why the water level remains the 

same.

As a side note, it is often useful to note that the emerged 

portion of the ice cube is very small (10% of the to-

tal). The fact that the submerged portion corresponds 

to 90% of the total volume is a consequence of the fact 

that the density of ice is about 90% the density of water.

 You can add dye to the water to better visualize the process.
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EXTENSION 1

If you think it is appropriate, you can mathemat-

ically demonstrate that the immersed 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 

(thus, the water level doesn’t change with the melt-

ing of the ice cube). 

This very simple demonstration, which is carried 

out in four or five 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 dis-

placed water).

EXTENSION 2

During the experiment, you can approach each 

group to ask the participants which ice cubes 

will melt faster : those in the water (sea ice) or 

those outside the water (continental ice). Most 

teachers believe that those outside the water will 

melt faster (because the air’s room temperature 

is generally higher than the water temperature), 

which is not true : heat transfer is much more ef-

ficient in water than in air, mainly because liquid 

water is much denser than air.

A high number of molecules interacting with the 

surface of the ice cube, and doing so very fre-

quently, considerably improves the heat exchange 

process. That is the reason why this exchange is 

more efficient in water than in air and it’s also why 

we often say that air is a good thermal insulator.

At this point explain to the teachers that sea ice 

melts much faster than continental glaciers for 

two reasons : first, it is in the water and not on 

land (see explanation above), and second, it is just 

a few metres thick, while some ice caps in Green-

land and Antarctica are several kilometres thick.
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Explain that the melting of continental glaciers is re-

sponsible for about two-thirds of the sea level rise (out 

of a total of about 20 cm since the Industrial Revolution) 

and ask participants to explain what causes the remain-

ing one third.

The thermal expansion of water is often the only expla-

nation that is suggested. Ask the groups to imagine an 

experiment capable of showing that water expands 

with increasing temperature.

The following procedure usually emerges naturally, be-

cause it is like “ making a sort of thermometer ” :

 — Fill a flask or a small bottle with dyed water, to the 

rim.

 — Seal it with a waterproof plug (the adhesive putty can 

be useful!), with a straw running through it (to save 

time, pierce the plugs beforehand).

 — Mark the straw’s water level, with a marker.

 — Heat the container using, for example, a larger con-

tainer (such as a salad bowl) and hot water (from the 

tap or heated with a kettle), creating a water bath.

 The experiment works best when there’s a high 

temperature contrast before and after the water 

bath. Therefore, it is recommended to fill the con-

tainers with refrigerated water.

All groups carry out this experiment separately (or a sim-

ilar experiment proposed by the participants, provided 

that the required equipment is available and that it an-

swers the asked question), and then share the results 

with each other. 

When we heat the water (in this case, using a water 

bath), its level rises along the straw.

PART 3

Sea level rise : thermal expansion 

Container

Initial water level

BEFORE

Final water levelAFTER

When heated, the water rises along the straw.

Heat the bottle
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Using a straw (or a similar object) is essential to 

visualize the water level rise. To explain this idea, 

you can present a simple calculation. Considering 

that the sea level rise is approximately 1 m (forecast 

for 2100) for oceans that are 1 km deep, this corre-

sponds to a volume increase of 1 / 1000, or 0.1%.

For a container with a 1000 cm3 volume (10 cm 

x 10 cm x 10 cm), this increase is equal to 1 cm3 

(1000 x 1 / 1000). Since the surface of the container 

measures 100 cm2 (10 cm x 10 cm), this volume in-

crease corresponds to a height variation of 0.01 cm 

(height = volume / area ; 1 / 100 = 0.01). Thus, the in-

crease in height is imperceptible (0.1 mm).

Adding a straw considerably decreases the sur-

face area, and therefore increases the height var-

iation of the water level. The surface area of a straw 

with a cross-section of 0.5 cm x 0.5 cm is 0.25 cm2, 

four hundred times smaller than the cross-section 

of the container (100 / 0.25). This means that using 

a straw increases the final water level four hundred 

times (400 x 0.01 = 4), making the variation far easier 

to visualize.

EXTENSION 3

To conclude, present a document showing the 

measured sea level rise since the Industrial 

Revolution and explain that, according to pro-

jections, this increase may reach from 50 cm 

to 2 m by the end of the century. You can also 

explain that, in subsequent centuries, this in-

crease could reach 6 m, due to the melting of the 

Arctic ice cap (Greenland glaciers).

The group can discuss the implications of this 

rise, particularly in terms of population displace-

ment, coastal erosion, depletion of water resourc-

es (through salinization of phreatic zones), etc.
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Revisit the topic of sea ice melting and question the 

group : “ Why do scientists worry about sea ice melt-

ing if, as we have seen, it does not raise sea levels ? ”.

We can usually see two kinds of explanation proposed :

 — Sea ice is a living environment, for different species 

(notably, the polar bear), including humans (Inuit 

populations)

 — Sea ice is white, and white objects “ repel heat ”.

You can then show a document (satellite photo) show-

ing the extent of sea ice, and the strong colour contrast 

between the ice (white) and the Arctic Ocean (very dark).

Ask participants to imagine an experiment capable of 

showing whether the colour of an object plays a role in 

how it heats up when exposed to the sun.

The experimental procedure is very simple, but can lead 

to different versions. For example :

Experience 1. Place flasks, containing dyed white or 

black water, under sunlight (or under a lamp). Measure 

their temperature at the beginning of the experiment, and 

then regularly (from a few minutes to one hour, depend-

ing on the sunshine intensity or the power of the lamp).

 Be careful to have only one parameter change (in 

this case, the colour)! The two flasks must be made 

of the same material, the same shape, exposed in 

the same place and at the same time, the volume of 

water being heated must be the same, and so on. If 

lamps are used (if there’s no sunshine), two perfectly 

identical devices will be needed, placed at the same 

distance from the vials, with the same angle.

PART 4

Sea ice melting and albedo 

Evolution of the extent of Arctic sea ice
NASA 2016

Water dyed
black

Sunlight or lamp

Water dyed 
white

The temperature increase is higher for the black solution: 
dark objects absorb more heat.

Measure temperature of both solutions 
initially and then at regular intervals
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Experience 2. Place two fabrics, one white, the other 

black, under sunlight and measure their temperature. 

 As before, care should be taken to ensure that we 

change only one parameter : the colour of the two 

fabrics (both must be of the same material and 

thickness).

Once the results of all groups have been compared, re-

turn to the initial context : 

 Sea ice, a large white surface, reflects 80% of 

the radiation it receives towards space (which is the 

same as saying its albedo is 80%). This energy, re-

flected back into space, is thus not absorbed by the 

Earth, which represents a “ cooling ” effect. 

 On the other hand, the Arctic Ocean, much dark-

er, has an albedo of 10%. The removal of sea ice there-

fore greatly increases the amount of energy absorbed by 

the Earth’s surface (in this case, by the ocean).

This experiment provides an opportunity to address the 

notion of “ positive feedback ” (also known as “ vicious 

circle ” in everyday language). The warmer the oceans 

get, the more sea ice melts. This reduces albedo, which 

increases warming, leading to further melting of sea ice 

and a decrease in albedo, etc.

This is one of the reasons for the increasing rate of glob-

al warming since half a century ago. This increase can 

be observed in a NASA video showing the evolution of 

atmospheric temperature over the past century (includ-

ed in the attached slide show).

Eventually, we can conclude that the melting of sea 

ice has a global effect on the entire world climate : it 

accelerates and amplifies global warming.

This conclusion helps understand how the Earth is a 

complex system, where its different components (at-

mosphere, ocean, cryosphere) interact.

Black
fabric

White
fabric

Sunlight or lamp

The temperature increase is higher for the black fabric: 
dark objects absorb more heat

Measure temperature of both fabrics
initially and then at regular intervals
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Revisit one of the hypotheses formulated at the begin-

ning of the workshop : climate change contributes to 

ocean acidification.

Discuss this topic collectively and help emphasize the 

role of CO2. The group then establishes a procedure to 

show :

1. That CO2 actually dissolves in water;

2. That this dissolution causes the pH of the water to drop.

Experience 1. Participants generally know how to iden-

tify the presence of CO2 using limewater. They thus car-

ry out, within each group, a simple experiment : filling a 

glass with water and adding some limewater. They do 

the same for a second glass (which serves as a control). 

Blow air into the first one using a straw (exhaled air is 

rich in CO2) : this causes the solution to 

become milky.

Experience 2. The second experiment requires specific 

equipment : an electronic pH meter (which can be re-

placed by a pH measurement kit for swimming pools).

 Note that pH paper is not suitable for this experi-

ment (these pH differences are too small to be vis-

ible as colour shades).

Start the experiment by filling a glass with water and meas-

uring the pH of water with the electronic meter (the value 

should be close to 7.6). Then, blow air into the glass using 

a straw. After two or three minutes of blowing, measure 

again and verify that the pH drops to around 6.6. If several 

people blow at the same time, the pH can drop to 6.

PART 5

Ocean acidification

First container

Straw

Water + Limewater

The first solution becomes milky due to the significant 
amount of CO2 in exhaled air.

Second container (control)

Water

Blow air using a straw

Straw

6.6

pH

The pH drops from 7.6 to 6.6 due to the significant 
amount of CO2 in exhaled air

Container

7.6

pH

Water

electronic
pH meter

Measure pH after blowing air using the straw
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If an electronic pH meter is not available, use a pH meas-

urement kit for swimming pools, which is very simple to 

use : water is placed in the right column (the left column 

is used to measure chlorine concentration, which is not 

relevant in this case) and then add five drops of reactive 

liquid. Mix and then read the pH by comparing the col-

our of the solution with the reference colours : the pH 

should be around 7.6. Afterwards, repeat after blowing 

into the water for some minutes. The resulting colour 

will be different, representing a drop in the water’s pH.

 Some participants may raise an objection : there is 

no evidence that the pH decrease is due to CO2. It could 

simply be caused by the fact that they “ bubbled ” the 

water. In this case, use a large plastic syringe (or a bicy-

cle pump) to inject air that is not enriched with CO2 and 

demonstrate that the pH does not change. Thus, the 

acidification observed previously was caused by CO2.

If participants are familiar with chemistry, you can ask 

them to explain the reaction. Ensure that participants 

understand that ocean acidification is not a conse-

quence of global warming (it is not that warmer water 

is more acidic). The two phenomena are independent, 

but they are both caused by CO2 emissions. 

We can therefore conclude that CO2 emissions have 

two distinct consequences (both very problematic) : 

global warming (of the atmosphere and of the oceans, 

via the greenhouse effect) and ocean acidification (via 

the dissolution phenomenon studied here). 

MAX

MIN

MAX

MIN

     5 x drop 
of reactive liquid

pH 7.6

Swimming pool test kit

Cl Br pH

5 10

3 6

2 4

1 2

.5 1

8.2

7.8

7.5

7.2

6.8

Unused columns

BEFORE

AFTER

MAX

MIN

MAX

MIN

pH ≤ 6.8
Cl Br pH

5 10

3 6

2 4

1 2

.5 1

8.2

7.8

7.5

7.2

6.8

The pH drops from 7.6 to 6.6 due to the significant 
amount  of CO2 in exhaled air

Blow air into the water using the straw 
and repeat measurement 
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This procedure is very simple :

 — Each group uses two containers (transparent glasses, 

for example).

 — Each container should contain a piece of coral or a 

shell (avoid shells containing a lot of nacre, as nacre is 

acid-resistant!).

 — Pour water into the first container and white vinegar 

into the second. 

We can immediately observe that bubbles form in the 

second container, containing pure vinegar (in some cas-

es, some bubbles are also visible in the first container). 

However, there is no bubble formation in the first con-

tainer. The acid “ gnaws ” at the shell. If we keep this 

setup for one to two days, the shell disappears com-

pletely. This illustrates one of the two effects of ocean 

acidification on shells : its progressive dissolution.

Nevertheless, we should not overestimate this experi-

ment : to be able to demonstrate the effect of acidity on 

these organisms, visibly and rapidly (in a few minutes 

or a few hours), we chose a very acid solution (vinegar 

has a pH between 2 and 3), much more than the oceans 

(whose pH is 8.2, lowered to 8.1 since the industrial rev-

olution). Thus, this experiment shows a considerably 

exaggerated effect, for educational purposes.

You can then show a video : a laboratory experiment 

demonstrating the effect of ocean acidification on cer-

tain living organisms (pteropods). Explain that not all 

marine organisms are affected by this acidification, but 

that corals, shellfishes, and molluscs are especially vul-

nerable to it, as their limestone skeletons are particular-

ly fragile.

The group can quickly discuss the cumulative conse-

quences on biodiversity, which may require a specific 

workshop to be addressed in detail.

PART 6

Consequences of ocean acidification 
on marine biodiversity

Water

First container

Pure vinegar

Second container

Bubbles appear in the second container :
the shell is corroded by the acid
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SCIENTIFIC BACKGROUND 

OCEAN ACIDIFICATION

If participants do not have any basic knowl-

edge about acidity and how pH measures 

it, you can spend a few minutes explaining 

some basic concepts, but be careful to avoid 

any formalisms (beware : the origin of ocean 

acidification and its consequences should 

not be revealed immediately, but only later, 

at the end of the workshop).

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 

acid solution can dissolve some chemical 

compounds).

pH is a unit that measures the concentra-

tion of H+ ions. It is an “ inverted ” logarithmic 

scale : a pH 6 solution is ten times more acid-

ic 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. 

The adjacent figure shows some examples 

of solutions and their pH.
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When CO2 dissolves in ocean water, it reacts with water 

molecules H2O to form carbonic acid H2CO3 :

CO2 + H2O  ↔  H2CO3

This is a reversible reaction, but if the amount of CO2 

is too high, it occurs predominantly in the direction of 

carbonic acid production.

The reaction that follows naturally is an acid-base reac-

tion, with the dissociation of carbonic acid into H+ ions 

and bicarbonate ions HCO3
- :

H2CO3   ↔  H
+ + HCO3

-

Gradually, this reaction contributes to ocean acidifica-

tion (due to the increase of H+ ions concentration and 

resulting pH decrease).

 

Marine organisms with exoskeletons or shells use cal-

cium carbonate (CaCO3) to produce them. Calcium car-

bonate is formed from the combination of calcium and 

carbonate ions :

Ca2+ + CO3
2-

  ↔  CaCO3

If there is an excess of H+ ions (as is the case in an 

acidic ocean), the CO3
2- ions will tend to associate pref-

erentially with H+ ions rather than Ca2+ ions, preventing 

the previous reaction from taking place and thus making 

it very difficult for marine organisms to build shells or 

limestone skeletons.

Moreover, if the concentration of H+ ions is so high that 

they can no longer find other ions to bind to, they may 

even cause the separation of CaCO3 molecules that al-

ready exist in shells and exoskeletons of those organ-

isms, thus contributing to their progressive destruction. 

When this happens, we say that the shells have been 

“ dissolved ” in the acid solution.

 

Thus, CO2 absorption by the oceans has a double 

negative impact on marine organisms : it renders 

forming new shells and exoskeletons more difficult 

and can destroy those that already exist.

Since the Industrial Revolution, ocean acidity has in-

creased by 30% : the ocean’s pH has risen from 8.2 to 

8.1 with a significant acceleration in recent years. This 

pH is expected to further decrease between 0.3 to 0.4 

units by 2100. As a result, many species (including 

corals) are threatened, with a direct and massive im-

pact on marine biodiversity, but also on the econo-

my and human food security. 

The overall cost of the described acidification could 

reach one thousand billion dollars per year by the end 

of the century.
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 — Slide show (PDF; PPTX).

 — Video : experiment on sea level rise (melting 

of sea ice).

 — Video : experiment on sea level rise (thermal 

expansion of water).

 — Video : experiment on ocean acidification.

 — Video : experiment : impact of water acidifi-

cation on pteropods.

 Videos are included in the slideshow.

Follow-up workshops 
This workshop about the ocean and the climate can be an interesting prelude to other workshops :

A workshop to further ex-

plore the effects of climate 

change on marine biodiversity : 

the concept of trophic networks, 

equilibria vulnerability, focus on 

a selection of ecosystems (coral 

reefs, mangroves, polar environ-

ments...). 

A workshop to further ex-

plore the interactions 

between the ocean and the at-

mosphere, in particular about the 

thermal inertia of the oceans and 

about marine currents.

A workshop focused on the 

solutions (adaptation / miti-

gation).



“ Parties should take measures [...] 

to enhance climate education ”, 

states Art.12 of the Paris Agreement. 

“ Educating the present and future 

generations about climate change, 

and teaching them to act with a 

critical mind and a hopeful heart, is 

essential for the future of humani-

ty. Science education must meet 

the challenge [...] ”, recommend the 

113 science academies of the world 

in their recent Statement on Climate 

Change and Education. 

Replying to these urgent calls, cli-

mate scientists and educators es-

tablished an Office for Climate 

Education. Teachers are key for 

implementing these recommen-

dations, especially in primary and 

secondary schools. Hence, the 

office shall produce for them ed-

ucational resources, based on an 

active pedagogy and pilot projects 

in inquiry-based science educa-

tion. As IPCC produces “ assess-

ment reports ” and “ summaries for 

policymakers ”, the office shall in 

the coming years synchronously 

produce “ resources and tools for 

teachers ”, focusing on the issues 

of adaptation and attenuation. It will 

pay special attention to developing 

countries.

Working closely with climate scien-

tists, involving social scientists and 

educators, the Office for Climate 

Education has an executive secre-

tariat in Paris and a global network 

of local or regional partners in over 

60 countries already. The teaching 

resources will be conceived in a 

global frame, then be locally test-

ed and adapted to particular sit-

uations. The numerous initiatives 

already taken in the same direction 

will be documented and publicised 

by the office.

The Office for Climate education 

started in 2018 with the support of 

public and private funds provided 

by French and German partners. It 

will amplify its action in proportion 

with its resources and develop part-

nerships, especially with IPCC and 

IAP for Science – the global federa-

tion of Science academies. 

http ://oce.global

contact@oce.global
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