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JOURNEY WITH
OCEAN OBSERVERS

QCERA

Discover the thousands
of instruments at sea taking
the pulse of the ocean!



WHY DO WE OBSERVE
THE OCEAN?

HELLO, OCEAN FRIEMD,
NICE TO MEET You!

THIS i3 MY
FIRST REPORT OM
MY NEW JOB,
AND I'M HAPPY
TO SHARE iT
WiTH You!

YOU SEE, OUR PLAMET EARTH MOV, | HELP ALL OBSERVING

I5 WORRIED: SHE FEELS THAT

iTi5 CHANGING.

A CALL FOR HELP
TO EVERYONE

THIS REPORT WiLL SHOW You
. ALL THEIR IMPORTANT WORK.

FIRST THINGS
FIRST:
WHY DO WE

OBSERVE THE OCEAN,
YOU MIGHT ASKT

VOLUNTEERED TO JOIN
THE OCEAN OBSERVING
NETWORKS, AND BE OME

OF THEIR. COMMUNICATION
SATELLITES.

INSTRUMENTS AT SEA TAKING THE

HER ATMOSPHERE i5 GETTING PULSE OF THE OCEAN, AND REPORT
WARMER, AND 50 i5 T0 SCIENTISTS AND EXPERTS
HER OCEAN.. WORLDWIDE!
THIS WAY, THEY CAN
HONITOR THE STATE OF

THE OCEAM AND HOW

Because it’s vital for our life: the ocean produces 60% of our oxygen and serves
as a source for food, freshwater, and medicine. Additionally, 90% of global trade
occurs via the ocean, and it plays a crucial role in regulating our climate.

You may know that the Earth absorbs energy from the Sun, with some reflected,
and retained in the atmosphere by greenhouse gases like carbon dioxide (COz2).

This so-called greenhouse effect keeps the Earth’s temperature warmer than it
would otherwise be, supporting life on our planet. However, human activities,
by burning fossil fuels such as using petrol for cars or coal for heating buil-
dings, have been increasing greenhouse gas emissions. These gases act like a
blanket wrapped around the Earth, trapping the Sun’s heat, and raising tempe-
ratures, contributing to global warming and climate change. Fortunately for us,
the ocean helps stabilise Earth's climate, for example by absorbing the excess
warmth and CO2. Can the planet always count on this close friend? This is one
of the questions that experts are trying to answer by observing and monitoring
the ocean.

Ocean observations also help monitor the health of ocean ecosystems, which
means how the ocean dwellers are doing, and if their habitats are safe and flou-
rishing. For people living near the coast, the ocean is part of their traditional way
of life. They care for the ocean and its biodiversity. For everyone on the planet, it
is a source of food, health and travel. Additionally, ocean observations are vital
for accurate weather predictions and early warnings of hazards like tsunamis
and storms, saving lives on Earth and ensuring safety at sea.

Now, what are my new ocean observing colleagues doing exactly? All these ins-
truments gather key information about the ocean and the atmosphere above it.
They encompass autonomous and piloted robots, drifting and fixed buoys,
research and merchant ships, sea level gauges, high-frequency radars, and even
marine mammals!

Currently, 9000 ocean observing instruments at sea
are organised in different but complementary observing
networks. On my journey to better know and understand
the ocean, | will call on one representative of each
network. Follow me to meet the first one!



Hello! I'm the new communication satellite
and I'd like to learn more about climate change
and how it affects the ocean. Can you help me?

Hi, of course! For starters, I can show you
how [ monitor variations in the
ocean's temperature.

Why do we monitor the temperature

#ﬁl
f‘ in the ocean?

As we have explained before, human activities are altering Earth’s
natural greenhouse effect, causing global warming. This warming affects the
ocean, which absorbs much of the extra heat. Even a slight increase in seawater
temperature can harm marine life and ecosystems, impacting organisms like fish
and corals. The consequences extend beyond the direct impact on marine life.
You will discover many of these consequences later!

How do ship-based measurements help?

P
\ Merchant ships, ferries, fishing vessels, and all sailors can volunteer
to observe our ocean, taking measurements of oceanographic and
meteorological parameters with onboard and deployed instruments. Some of us

take meteorological data, and others, like me, record seawater temperature by
launching eXpendable BathyThermographs (XBTs). > > >

An XBT is a probe that records the water temperature in the upper thousand
meters of the ocean. XBTs have been launched since the 1960s, providing one of
the longest historical records of ocean temperature!

Let’s take a step back: what are the consequences
of a warmer ocean on the sea level?
I’d better ask the sea level gauge!

| CAM SEE YOU
HAVE A WEATHER,
STATION OM
BOARD.

ARE YOU PART YES,
DE' iT T00? Ll
THEY'RE LIKE
LITTLE ROCKETS
THAT RECORD

| RECORD
ALL KIND OF
ATMOSPHERIC
0BSERVATIONS,
LIKE PRESSURE,
WIND AND

" SOMEONE'S
GOMMA DO IT
SOON. LOOK!




Hello! I've been told that sea level depends
on the water temperature. Is it true?

Hi! Yes, it is. But not only.
Let me explain...

What causes sea level rise?

» Warm water takes up more space than cold water. This is because the
particles that make up water gain more energy when theyre heated,
causing them to move around and occupy more space, resulting in the
water’s expansion. This phenomenon accounts for one-third of the global sea
level rise.

» The other two-thirds come from the melting of glaciers and polar ice sheets
due to the increase in air temperature. This is what is happening to the ice sheets
in Greenland and Antarctica. This meltwater then flows into the ocean, contribu-
ting to the overall sea level rise.

Here are two experiments
to help you understand

How do sea level gauges help?

In the past, sea level was measured with tide poles or small floating
buoys in a tube. Benchmarks on land were used as references to deter-
mine sea level relative to the land. Today, radar technology is employed
on modern sea level gauges for more accurate measurements. > > >

Sea level gauges not only collect crucial data for scientific research into ocean
circulation. We also provide tide tables for various purposes, including port ope-
rations, fishing, and recreational activities. Moreover, in times of extreme weather
events, like storm surges, we can help issue flood warnings.

We have learned that the ocean is getting warmer.
Do you think that it is also experiencing extreme
heatwauves, like heatwaves on land? Maybe my next
colleague, the profiling Argo float, knows!

I'M A MODERN
SEA LEVEL GAUGE.

LIKE MY COLLEAGUE
THE HIGH FREQUENCY
RADAR, | SEND A SIGNAL
AND LISTEN TO ITS ECHO
T0 DETERMINE
THE SEA LEVEL
AT ALL TiME!




heatwaves could happen?

Hi! Yes, they do happen, and it's part
of my job to record them.

‘ Hello! I'm learning a lot about ocean warming
today, and I was wondering if marine

What are marine heatwaves?

Marine heatwaves are periods of intense, unusually warm ocean tem-
peratures which are becoming more frequent, intense, and lasting
longer due to global warming and climate change. These events have
disastrous effects on marine ecosystems and vulnerable species. They become
stressed, some may die, others move to colder waters, which can impact the food
chains. Marine heatwaves can also influence other extreme events on land, such
as droughts and heatwaves, and the intensity of tropical cyclones.

» 4

How do profiling floats help?

Today, about 4 000 profiling floats, like me, called Argo floats, record
observations of seawater temperature, salinity and pressure along
vertical lines, called profiles. Together with other instruments at sea
and observing satellites, we help scientists track marine heatwaves with high
accuracy. > > >
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I'm a regular float, but in the last few years, oceanographers and engineers have
also developed:

- the Deep float, which can dive down to 4 000 and 6 000 m;

- the Biogeochemical float, measuring for example the concentration of oxygen
in the ocean water, chlorophyll, nitrates, and other biological, geological or che-
mical ocean properties.

Why do we need to monitor oxygen in the ocean?
Uh oh, is there a problem with oxygen? I'll call the
research vessel next to enquire about that!

I'M JUHPING
FROH THE BOAT!

| HANG AROUND,

SAYING Hi TO THE FISHES

AMD THE OTHER DGEAM
[WELLERS.

| DRIFT FOR,
TEM DATS

UNTIL 14,0004
DEEP!

1| G0 BACK TO THE SURFACE.
ON MY WAY | HEASURE THE
TEMPERATURE, THE AMOUNT
OF SALT IN THE WATER,
AND THE PRESSURE.

| GAN GO
DOWM WHERE
SCIENTISTS WANT HE
T0 G0, TO ARDUND
2,000H DEEP OR

EVEN IINTIL
THE ABYSS!

WHEN I'H OM THE
SURFACE AGAIN, | SEND
ALL MY HARD WORK TO

_ THE SCIENTISTS,
USING MY ANTENMA AND
TELECOHHUMICATION
B SATELLITES.




Hello! Can you explain why it's important
to check the concentration of oxygen in
the ocean? Is the ocean in trouble?

Well, yes, it is. There is some concern,
especially for ecosystems and
marine life. You see...

_J p Is the ocean losing oxygen?
@ Ocean observations have shown that the ocean has lost about 2%
L of its oxygen since the 1950s. It is in part due to global warming:
a warmer ocean holds less oxygen and marine organisms have higher oxygen
needs when water is warming. Today, scientists have models showing that the
ocean will lose between 3% and 4% of its oxygen by 2100. This process is known
as ocean deoxygenation. The problem is that it’s hard work to breathe under the
sea, since a given volume of seawater contains much less oxygen than the same
volume of air. So, even a small oxygen decrease is very distressing for marine
life. Keeping an eye on oxygen levels and understanding the oxygen cycle in the
ocean is very important to monitor ocean health.

[ o How do research vessels help?

My job is to carry out ocean observing missions to collect high-

L quality measurements of physical, chemical and biological informa-

tion over the full water column.Research vessels like me are part of the GO-SHIP
programme. Every ten years, we sample the same trajectories spread out in the
global ocean. > > >

By carrying the best set of sensors and a qualified team of scientists onboard, we
collect and provide very accurate reference observations on the distribution and
changes in the quantity of heat, salinity, nutrients, and of course oxygen. We can
also measure ocean carbon content and provide information on ocean acidity.

Acidity? Is that another problem caused by
climate change? Let’s ask my next colleague,
the interdisciplinary mooring!
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I'’M A RESEARCH
VESSEL SAMPLING
THE OCEAN.

| TRAVEL ON
PREDETERMINED
STRAIGHT LINES AND | /
REGULARLY DUNK MY [

INSTRUMENTS IN
THE WATER.

IT COLLECTS

OBSERVATIONS
THIS IS A (SALINITY,
CTD ROSETTE! TEMPERATURE,

DEPTH)

/~ AND TAKES "\
WATER SAMPLES
THAT ARE ANALYZED
BY SCIENTISTS
ONBOARD OR IN
THEIR LABS.




1 1" 3 WE OBSERVE EVERYTHING!
He}lg. I ve heard that we need to monitor . T e
o [ALL THE INTERESTIMG Fi
acidity in the ocean. Can you tell us about it povere | cnns e R
and how it's linked to climate change? nespisms A [PAES UE L I

THE LiviNG
. . HHABITANTS
Hi! Of course, I can! Let's talk

a little about chemistry...

How is the ocean becoming more acidic? o \GURRENTAETERS

As we have already seen, human activities release large amounts of
CO:2 into the atmosphere. A significant portion of this dissolves in
seawater, forming carbonic acid. A series of chemical reactions in-

crease ocean acidity. These changes have dangerous consequences for marine
life and ecosystems. Marine organisms like crabs, mussels and corals use mine-
rals to build their shells and skeletons. Acidity makes these building blocks less
available, endangering each organism’s growth and well-being.

To measure acidity, scientists use a scale called pH, from 0 to 14. Ocean waters
normally have a pH of around 8 but this is becoming lower, so the water is more
acidic.

SEDIHENT TRAPS

How do interdisciplinary moorings help?

We are stable platforms on which oceanographers and meteorologists
can install many different instruments. One of these measures the pH
in the water, to monitor ocean acidification. > > >

We are anchored to the sea floor, several thousands of meters deep. We stay in
place for many years, between maintenance visits, which helps understand ocean
changes over long periods of time.

Oxygen, ocean carbon... isn’t there another important
characteristic of seawater we haven’t heard of yet?
Let’s ask our next colleague about salinity!
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Hello! It seems you are also new to the
network. Do you by any chance measure
salinity? Can you tell us more about it?

Hello! You are right. The instrument A NEW MEMBER FOR THE ANIMAL OCEANOGRAPHIC TEAM
on my head does it. I'M AN WELCOME

P
\OCEANOGRAPHER Il "1p THE
' TEAM!

Why is measuring ocean salinity important?

» Freshwater is always flowing into and out of the sea through rain,

rivers, evaporation and icecap melting, through the freshwater cycle.
Monitoring salinity helps understand how freshwater, vital for all life on Earth,
moves between the air, the land and the ocean.

» Cold water is denser than warm water, and water with high salinity is denser
than water with low salinity. The ocean is always moving in reaction to changes | HAVE A HAT

in water density. For example, near Greenland and Norway, some of the seawater = AND EVERYTHING!
freezes, leaving salt behind. The cold, salty water sinks to the ocean floor. This
water, the North Atlantic Deep Water, is one of the driving forces of the great
conveyor belt, a giant ocean current which transfers heat and salt around the globe.

YOU SHOULD
COME VISIT,
ONE DAY!

Here are two experiments
to help you understand

How do animal oceanographers help?

y We help scientists to collect physical ocean data like temperature

and salinity, but they can also learn about our habits and the ecosys-
tems we live in. Seals, like me, are popular and helpful animal oceanographers
because we are easy to catch and manipulate - scientists take care not to hurt
us — and we often live in undersampled places, such as the polar regions. Other
species that come to the surface to breathe and talk to you, my satellite friend,
are also part of our network, like penguins, sea turtles and sharks. > > >

We’ve learned a lot about the water column, but what
happens above the sea surface? Who can tell us about
marine weather, for example? Let’s ask the drifting buoy!

14



Hello! What's the weather at sea like today? I'M FOLLOWING

) , o THE CURRENTS
Hi! Be ca:Feful. Tltfe weather conditions will BAROMETRIC THANKS TO MY
not remain calm in the next few hours. TG\ FUNNY SOCK-LIKE
Let me tell you how I know that... SENSO g ANCHOR:

). THE DROGUE.

How do we provide accurate marine

weather forecasts?

|.r. | hY |E = I-r ! LAY
The information gathered by most of the instruments at sea helps ;Eg;# E ‘;E:IE}:S’:?PSFE'FE

scientists to improve marine weather forecasts. As we have seen, some

. . . - TEMPERATUR
provide ocean data over the water column, others like me, help to monitor the ;EEET:;EJPE
- LI D L
sea surface, where the air meets the sea. By measuring atmospheric pressure ~ CONDUCTIVITY
(using barometric pressure sensors), air and sea temperature, for example, we _ \/AVE DIRECTION

contribute to weather bulletins issued in real time. - ETC.

Even though our weather forecasting skills keep getting better, extreme weather
events still inflict damage on ships, cargo, and even people. It is thus very im-
portant to keep gathering information and improve our models to ensure safety
at seal

‘ How do drifting buoys help? M
% 3 t

We carry several instruments on our hull to measure various parame- :
ters like atmospheric and sea surface pressure, sea surface temperature
and salinity. | have an anchor - called a drogue - drifting below the
surface, so that | follow the water circulation and not the wind. We all have
satellite communication equipment to transmit our ocean data and our position
in real-time. > > >

| know that sometimes the weather becomes
extremely dangerous. Our most fearless colleague,
the glider, may have some stories to share!
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Hello! Is it true you can swim

: _ . | CAN RECORD
into giant hurricanes? A LOT OF INFORMATION,
SUCH AS TEMPERATURE,
L .. . PRESSURE, OXYGEN, pH,
YeS, it's true! I have an exc1t1ng life! PLAMKTOM PRESEMCE,

Let me tell you more about ETC.
hurricanes... ?

How do we predict hurricane intensity?

\% » Giant, spiralling tropical storms with winds of at least 119 kilo-

meters an hour are called hurricanes when they develop over the
North Atlantic, central and eastern North Pacific, cyclones when they form over
the South Pacific and Indian Ocean, and typhoons when they develop in the
Northwest Pacific.

» Hurricane intensity mainly depends on the heat content of the ocean. So, if a | GAN TRAVEL UP TO 40 KH/DAY,
hurricane passes over a water mass that is really cold, some of the heat can be USING MY WING AND RUDDERS.
drawn out of the hurricane, which weakens the hurricane. If the hurricane goes
over a body of water that is warmer than the hurricane itself, it can absorb heat
out of the ocean and this energy will strengthen the hurricane.

How do autonomous gliders help? | CAN ALS0

DIVE.
% Gliders, by measuring ocean temperatures, look out for the heat

content below and in front of the storm. This helps the researchers
and forecasters understand the ocean conditions ahead of the storm, the condi-
tions where it will pass over, and what is going on right under the storm.

I'm an autonomous underwater vehicle. | can be deployed near a hurricane and
then piloted to get close to its center, where | can dive and provide real-time
ocean temperature and salinity data to support hurricane forecasting. This is
exciting indeed, but to be honest, | like being deployed in calmer waters and
gathering many other ocean observations, to monitor ocean acidification and

deoxygenation, plankton and fish stocks. > > > _
MY TIME i5 UP!
I CAN GO TO
We can observe marine weather in real-time, THE SURFACE AGAIN!

but can we do the same with local currents?
Let’s call our vigil on shore, the radar!
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Hello! Oh, you look busy, is everything ok?

Right now, I'm on high alert,
an oil spill just occurred.
Watch out!

How can we look out for oil spills?

Oil spills in the ocean come from boats, oil rigs or pipelines. Oil spills
threaten marine life as oil is toxic and animals who end up swallowing
it can become sick and more vulnerable.

Unfortunately, a lot of pollution ends up in the ocean. Humans also release che-
micals and waste into the ocean, posing threats to the marine environment.

How do high-frequency radars help?

By providing real-time information on the speed and direction of surface
ocean currents, we help to predict where oil spills flow in the ocean.
Governments can rely on us to focus on the threatened zones and start
cleaning up. We also support search and rescue operations, marine shipping
navigation, monitoring and tracking harmful algal blooms and coastal water
quality monitoring. We can also record the height and direction of the waves,
the number of waves in a minute, or the wind direction. > > >

Radar is an acronym for radio detection and ranging. It is a system that uses radio
signals for finding the exact position of something.

It seems we are able to monitor various kinds
of hazards, can we also monitor tsunamis?
L Let’s ask our last colleague, the moored buoy!

20

WHEN ALL MY OBSERVATIONS
ARE COMBINED, YOU GET A MAP
OF THE LOCAL SURFACE
CURRENTS!

| OBSERVE
CURRENTS BY
SENDING SIGNALS TO
THE SEA SURFACE AND |
\ LISTENING T0 THEIR /




‘ Hello! Can you tell us about your role | CAN MAKE ALL MY ~ [ AND RECORD ALL
in the ocean observing team? | REALLY METEOROLOGICAL AND THOSE

LIKE THiS OCEANOGRAPHIC P RTINS
I'm part of the moored buoys team PLACE! 0BSERVATIONS HERE.
and our data help to forecast tsunamis
and issue early warnings.
SENSORS:
Why do we need early warnings A o P )
for tsunami waves? ; TEMPERATURE
HUMIDITY
» Tsunami waves occur when there is an underwater earthquake, land-

slide or volcanic eruption. They mostly happen in the Pacific and Indian
Ocean. They are a fast-moving series of waves that can cause a lot of damage PRESSURE
and put people in danger, that’s why early warnings are crucial for saving lives.

» Early warnings are not limited to tsunami waves. The World Meteorological
Organization has launched the Early Warning for All initiative, “to ensure that CURRENTMETER
everyone on Earth is protected from hazardous weather, water, or climate events
through early warning systems by the end of 2027”

WATER
How do moored buoys help? PROPERTIES:

Many models of buoys exist, varying in size and shape, and carrying
different sensors. My colleagues, the tsunami buoys, have a pressure
sensor anchored to the sea floor and a surface buoy. The sensor on
the seafloor measures the change in the seawater’s height above it. This water
height is communicated to the surface buoy and then relayed via satellite to the
tsunami warning centre. Other kind of moored buoys exist, for example, tropical
buoys like me are deployed near the tropics in the Pacific, Atlantic and Indian
Ocean, and coastal buoys along the shores of North America, Europe, India, East
Asia, and Australia. > > >

CONDUCTI viﬁ‘T
AND
TEMPERATURE
AT DIFFERENT

DEPTHEJ.

Well, I think I’'m caught up! We should organise a big party

to celebrate our collective efforts and raise awareness about

the state of our ocean and planet. Let’s inspire positive
change and work together to find sound solutions for the protection
and sustainable management of our ocean, to ensure the
preservation of our planet and the well-being of humankind!
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WE'RE ALL IN THIS, STRONGER TOGETHER

We have decided to have our party on June 8. Why? Because it's World Ocean Day!
The perfect day to plan an event about the ocean!

But first, we must all meet up. No small feat, since there are so many of us and
we are spread out in every ocean!

Did you realise that ocean observing instruments are patrolling everywhere?!
Let’s have a look at the map...

© Discover our Global Ocean Observing System

Here we are! About 9 000 ocean observing instruments scattered in all parts
of the ocean. All these instruments at sea are helping scientists and experts
all around the world to better understand and preserve our ocean.

N e e e e e e e e e
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© Here is our family picture for World Ocean Day!

We always work as a team to take the pulse of the ocean.

Each of us can carry out various types of missions, making different ocean
observations like those listed below, among many others. This way,

we complement each other to provide all the information scientists and
experts need.

Plank Ocean
Fre(s:;mé/\l/:ter ﬁgcﬁgn acidification

Ocean
Seariéivel circulation
Fish
stocks

Carbon

storage
i Heat
Atmospheric Ocean
pres_fure deoxygenation content

Flash this code!




THE OCEAN OBSERVERS INITIATIVE © Here are a few examples of the teaching resources you can find.

Dive in, there are plenty more!

© Discover the Ocean Observers community and website O : .
model tides Identify the ocean observing
individual activity networks

b Duration: 1 hour Individual activity
oceanobservers.org Type of activity: writing, Duration: 10 min
modelization Type of activity: online or
Language: English downloadable game
g:E?n thservi'rs L . . d ti L Networks: GLOSS Language: English
aring international marine science educational resources Networks: OceanGliders, AniBOS, DBC
aterials Learn about observing the ocean  Discover the working group  About the project  Photo gallery How do A.rgo floats observe gz::;‘;:flﬁlt":;sm o
the oceans?
R Experiment how an Argo
Duration: 1 hour float moves [video]
Type of activity: online quiz
Language: English Individual or group activity
Networks: Argo floats Duration: 40 min
Type of activity: experiment
y . Language: English
Sea Science series with Mark Networks: Argo floats
Langtry [videos]
Individual or group activity
Duration: viewing 4 x 10 min
Type of activity: documentary,
experiments
Language: English
Networks: all networks
s - - T T-TTTTTTTTTTTTTTTTTTTITETTETTETIEITITITIESITEEEI T TSI EST N

© Do you want to join the team and help out?
You are very welcome!

The Ocean Observers initiative brings together ocean scientists, teachers, stu-
dents, marine communicators, and all people who are willing to share marine
science educational resources and experiences, and work towards establishing
new international collaborative activities.

» You can contribute by showing respect for the ocean, taking care of it,

and you can consider participating in events like World Ocean Day!

» You can study to become an oceanographer. Every flavour exists: biologist,
chemist, physicist... all of these can be applied to the ocean!

» You can tell everyone around you what you have learned about the ocean,
and if you want to know more, you can visit the Ocean Observers platform
www.oceanobservers.org and take part in the initiative.

The Ocean Observers website is an open-access ocean observation learning
platform. It hosts resources mainly in English. Some of them are also available in
other languages such as Spanish, Catalan, French, German, Italian and Portuguese.

The teaching materials comprise a lot of on-hands experiments, easily done at
home or at school, with videos and illustrations. £ s
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