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Many activities take place at sea. For example, goods are transported
by ships, people enjoy time by the beach, piers and buildings are
constructed on the coastline, and fishermen fish. Human activities
change the sea’s environment and can harm ocean animals and
plants. To find a good balance between using and protecting the sea,
many countries have begun planning their ocean space—a process
called marine spatial planning. Planners use tools developed by
researchers to understand how various human activities will affect
the sea in the future. When we added climate change into a software
tool for marine spatial planning in Sweden, we found that climate
change alone might be as harmful to the sea as all other human
activities taken together! Climate change is strongly affecting the sea
and should, therefore, be included in marine spatial planning.
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CUMULATIVE
IMPACT

Sum of the effect of all
pressures from human
activities on marine
animals and plants.

MARINE SPATIAL
PLANNING

A long-term planning
process that guides
where, when, and how
humans can use

the ocean.

MARINE PRESSURES

A lot of activities take place by the sea and at the beach. For instance,
families enjoy a day out at the beach collecting shells, swimming, and
having ice cream. Fishermen trawl the ocean with their nets to catch
the fish we eat. Offshore windmills produce energy, and container
ships transport goods from one place to another. All these activities
affect the sea’s environment, which means they impact marine animals
and plants. There are other pressures on sea organisms that are not
visible to our eyes. For example, chemicals, like the fertilizers and
pesticides used in agriculture, are carried by rivers and released into
the sea, causing pollution. Sometimes toxic products like oil or old
ammunition are dumped into the sea, accidentally or intentionally. All
these pressures threaten marine animals and plants. The sum of all
these effects is called the cumulative impact.

MARINE SPATIAL PLANNING

People want to continue to experience the benefits of the ocean, and
the number of things people want to use the ocean for is increasing.
This makes the sea more and more crowded. Therefore, to prevent
the sea from being damaged or destroyed, we must be cautious—we
must find the appropriate balance between using and protecting a
given sea area. To achieve this, in recent years many governments
have begun using a process called marine spatial planning (MSP).
MSP is a relatively new way of managing human marine activities. It
is a long-term planning process that guides where, when, and how
humans can use the ocean. MSP can help countries balance all the
activities that happen in the sea and make sure that everyone benefits,
while also protecting the marine environment.

MSP is based on communicating with marine users (such as fishermen,
investors, and shipping companies), and it begins with an analysis
of the current situation. Responsible planners gather as much
information as they can on everything that is taking place in the sea,
from protected nature areas to places where underwater mining is
occurring. Then the planners can map these activities to see where
they overlap, so that they can understand some of the key issues that
the plan must address. For example, planners may notice that a military
training area must be extended, or that a shipping route should be
moved a bit to allow the construction of a windfarm. Proper planning
must take cumulative impacts into account.

Swedenis located in Northern Europe, and its long coastline (3,200 km)
has many islands and archipelagos. The sea is deeply rooted in
Swedish culture—including sailing, fishing, sea kayaking, floating
saunas, postcard-pretty red fishing sheds, and wild nature. At the same
time, shipping isincreasing in the sea around Sweden, as is the demand
for renewable wind energy. Sweden does not produce oil or gas, but
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SENSITIVE SCORE

Number indicating how
much an ecosystem
component is affected
by a human pressure.

sand must be mined from the ocean to make concrete. In addition,
naval defense is increasingly important, coastal tourism is growing, and
the country’s cultural heritage must be respected. MSP is necessary
in Sweden, so that all these human activities can have space without
interfering with each other and without causing excessive damage to
the environment.

SYMPHONY: ATOOL FOR MSP

For MSP in Sweden, experts developed and used a tool called
Symphony, which is a computer software representation of the marine
environment [1]. Symphony compiles information from 32 maps
representing various ocean ecosystems (for example, where cod and
reefs of mussels are living) and 41 maps showing pressures from
human activities (such as shipping and trawl fishing)—all from the sea
around Sweden [2]. Symphony uses sensitivity scores, which indicate
how much each ecosystem component is affected by each human
pressure. For instance, cod might not care much if tourists fish or if
windfarms are constructed, but they might be sensitive to pollution or
industrial fishing.

With all this information, Symphony calculates the cumulative impact
for each pixel (small area) like this: it multiplies the occurrence of one
ecosystem component in a pixel (for example, how much mussels
are present in that area) by the importance of one pressure in the
same pixel (for example, how much trawling is taking place in that
area) and the corresponding sensitivity score (how sensitive mussels
are to trawling). Symphony does this multiplication for all possible
combinations of ecosystem components (32) and pressures (42) for
that pixel and, finally, sums all the multiplications to obtain the
cumulative impact in that pixel. By doing this for each pixel of the sea,
Symphony creates a map of the cumulative impact [2]. This is a lot
of math!

In Figure 1, you can see how much human activities are impacting
the ecosystems along the coast of Sweden. Symphony also provides
detailed results for a chosen location, for example it can show which
pressure is having the largest effect on the marine ecosystem. In
Swedish waters, the cumulative impact is high. Pressures like industrial
fisheries, pollution, and high amounts of fertilizers dominate. Knowing
where the environmental impact is high or low is crucial for MSP. With
this knowledge, marine plans can be optimized to protect the ocean
environment. For example, the most damaging activity in an area can
be reduced or moved elsewhere, and activities that are not harmful for
the local ecosystem can be prioritized.
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Figure 1

Symphony software
generates a map
showing the
environmental impact
of human activities on
the sea along the coast
of Sweden. Blues
represent lower
impacts and reds
represent higher
impacts. You can see
that western and
eastern Sweden are
more impacted by
human activities
(orange-green), than
northern Sweden
(green-blue).

CLIMATE CHANGE

A change in the
average weather
conditions, such as
temperature or amount
of rain, in a region over
a period of time of at
least 30 years.

GREENHOUSE
GASES

Gases which have the
capacity to trap the
sun’s heat in the
atmosphere at the
surface of the Earth
and as a consequence
warm it up.

SALINITY

Amount of salt
dissolved in water.

Symphony

Norway

Bergen Falun

Sweden

Calculationresult . anmer

1% 5% 10% 15% 20% 25% 0% 3™ 0% 90% 100%

Figure 1

INCLUDING CLIMATE CHANGE IN SYMPHONY

As described above, marine planners use Symphony to get an idea
of how their plans will affect the environment in the future. It is also
important for planners to consider the future climate, which is likely
to raise the cumulative impact even more. Climate change describes
a change in the average weather conditions, such as temperature and
amount of rain, in a region over a long period of time—at least 30 years.
The changes are due to human activities that release greenhouse
gases, which trap the sun’s heat near Earth, warming the atmosphere
and the ocean. Climate change modifies the ocean salinity (salt
content), ocean currents, ice cover, and sea level. Possible future
changes have been calculated for various amounts of greenhouse gas
release, using computer-based climate models and oceanographic
models for the sea surrounding Sweden [3].

This way, along with the 41 pressures from human activities, we added
climate change into Symphony to assess how much stress it will cause
on the marine ecosystems of the Swedish seas. Not all effects of
climate change are included—only changes in temperature, salinity,
and ice cover. All changes were modeled for the end of this century,
meaning approximately the year 2100 [4].

The results from Symphony tell us that, in the future (when your
grandkids are the age you are now!), the impact of climate change
on the marine environment will be huge. It will be approximately
as impactful as all the other 41 pressures from human activities put
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Figure 2

It is important for
planners to consider
the effects of climate
change as one of the
pressures on marine
ecosystems. Results
from Symphony
indicate that this
impact will be very
large and will vary
depending on location.
For three marine
regions around
Sweden, you can see
that Symphony
forecasts climate
change pressure
(orange pie portion) to
exceed all 41 other
human-generated
pressures combined
(yellow pie portion;
Figure credit: icons
made by smalllikeart
from
www.flaticon.com).

ADAPTIVE
MANAGEMENT

A form of
environmental
management in which
actions are regularly
updated based on new
information and

new knowledge.

CLIMATE REFUGIA

Areas that are less
affected by climate
change over time, and
which may continue to
be good places for
threatened plants and
animals to live.

together [4]. Far up north in the Gulf of Bothnia, climate change may
even become a threat several times bigger than all the human activities
of today combined (Figure 2).
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Figure 2

CLIMATE CHANGE IN MSP IN SWEDEN

The researchers who developed Symphony have recommended that
Swedish marine planners consider how climate change will affect
separate areas of the sea in unique ways (Figure 3). Planners have
been advised to plan marine activities in a flexible way that takes local
conditions into account. This is called adaptive management, and
it means that human activities such as fishing, shipping, and mining
should sometimes be avoided in areas that are likely to remain healthy
in the face of climate change. This will help these areas to stay strong
and act as safe harbors for animals and plants as climate change
progresses—such areas are called climate refugia.

Adaptive management might also mean that planners propose new

sea-based activities when climate change is projected to modify the
ecosystem of an area [4]. For example, if itis likely that an area will turn
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Figure 3

Examples of the
challenges faced by
marine spatial planning
in a changing climate
(figure credit: Malva
Crona, CC-BY 4.0,
International Public
License).

I've beén fishing the same
species of fish here my whole
life. Climate change will likely
replace them, so | hope to get
a permit to fish the new
species so that we can protect
the others!

Where will I raise my
cubs if the ice
disappears? | hope the
humans protect the
last of my habitat!

1 love diving in eelgrass,
but it is sensitive to
salinity. | hope the
surviving eelgrass areas in
the south of Sweden will
be protected in the future!

—

Figure 3

into freshwater, planners can suggest preparatory measures that will
strengthen freshwater ecosystems over time, as well as activities that
involve the careful use of freshwater organisms.

Most importantly, marine planners must monitor the progress of
climate change in the sea. Research is constantly improving, so
management decisions must continuously adapt to new information.
There are still many things we do not know about the effects of
on-going climate change, but it will clearly have an enormous impact
on the marine environment. The extent of this impact is a direct
consequence of our decisions today and in the next decades. If we
decrease our production of greenhouse gases and plan properly for
future use of the sea, we may be able to conserve valuable ecosystems
and continue to experience the benefits of the ocean.
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YOUNG REVIEWERS

ALISSAR, AGE: 14

| spend summer times swimming, riding around town, and playing in the park. My
childhood was idyllic and | have many fond memories of those carefree days. | was
involved in a lot of extracurricular activities, including the school band and the drama
club. am a member of some green sorority and involved in a lot of campus activities.
| hope to land some small roles in independent films and commercials and do also
some modeling work and being appeared in some TV shows and movies.

HADIL, AGE: 12
Hi, I am Hadil. I like sport and music but also science and physics. Sometimes | can
be funny but | am also serious.

IMAN F, AGE: 15

My name is Iman, | am 15 years old, and my academic level is the third preparatory.
My favorite subjects are physics and mathematics. My hobbies are reading, research
and drawing. | have participated in school festivals. | speak French and | love English.
My dream is to become an engineer.

MOHAMED AMINE, AGE: 12

Hello, my name is Mohamed Amine, | am a young reviewer. Technically, | am good
in English. | like playing football with my friends and playing video games too. My
favorite food is pizza. In the future, | want to be a doctor. So thank you for reading
my biography.

NAKAE T, AGE: 14

My name is Nakae T, | am 14 years old. My school level is the third preparatory.
My favorite subjects are: Art education and mathematics. My hobbies are: drawing
and scientific research. Pizza is my favorite food. | have participated in the
reading challenge contest. | speak French and English, my dream is to become
a surgeon.

YAHYA, AGE: 12

Hello dear reader, | am Yahya, | am a young reviewer. Since | was 8 years old | liked
everything about sciences and mathematics, my dream is to visit all the countries in
the world, and thank you for reading my biography. Enjoy!
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YOUSSEF, AGE: 12

Hello, | am Youssef. A young reviewer, | am good in English technically, so if you
need anything that includes English you can ask me and | will try my best to help
you. Thank you for reading my biography.
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