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Weather is something that we all experience and when weather is
averaged over a long time, it is called climate. The climate is changing
and it is because of us. Climate change is already being experienced
around the world and will affect everyone. Some scientists and
politicians are now calling this a time of climate crisis [1]. For example,
communities living close to coastlines may have to move due to
sea-level rise. We will have to work together in our communities
to understand the problem and to try to minimize its effects on
the natural world. As the climate changes, it is not just the air that
changes, but other parts of the world, too. In this article we will
explore how and why we use computers to build model worlds. We
call these climate models. You can help us experiment with climate
models and I will tell you how.

WHAT IS CLIMATE CHANGE AND WHY IS IT
IMPORTANT?
We all experience the weather. It changes with the seasons but
there are other changes happening over longer periods. This
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Figure 1
Many processes can be
included in a climate
model. At the top, you
can see the yellow
arrows that represent
sunbeams. The dark
blue line just below
represents the ozone
layer. Just below the
ozone layer you can
see the same
sunbeams, which are
now less strong
because the ozone gas
absorbs some of their
energy. Just below the
ozone layer there are
clouds (with snow and
rain coming out of
them). The two arrows
on the left-hand side
represent the wind. At
the bottom, the big
green sections
represent the land. The
tree on the right shows
that vegetation growth
can be included in
these models, too.
Above the land and sea
on the left is a big sheet
of ice and an iceberg
too! Under the blue
squiggly line (which
shows the sea surface)
there are some
plankton. Plankton are
microscopic animals
and plants. The green
plankton on the right is
a plant and needs light
(the sunbeam) to
survive, just like plants
on the land.

GREENHOUSE
GASES
Greenhouse gases
(GHGs) are ones which
act to warm the air,
causing global
warming. The most
well-known one is
carbon dioxide.

CLIMATE
The long-term average
weather conditions of a
certain area.

Figure 1

change to the average weather (and to other things too) is called
climate change.
The air is made of different gases. One of them is carbon dioxide, or
CO2 . CO2 is found naturally in the air but is also put there by things
that humans do every day. For example, CO2 is put into the air by
the engines of buses. It can also be put there by power stations that
produce electricity by burning things like coal. When CO2 goes into
the air, it makes the air warm up. This is called global warming.
Have you been in a greenhouse? Greenhouses are glass buildings that
are used to grow plants. When the sun shines on a greenhouse, the
sunlight makes it warmer inside than it is on the outside. Putting CO2
into the air has a similar effect to putting the world in a greenhouse.
For this reason, we call gases like CO2 greenhouse gases (GHGs).
In the future, no one knows exactly how much GHG will be in the
air. Because of this, we use computers to build model worlds and then
estimate what we think might happen to them. The average weather in
an area is called the climate, so these model worlds are called climate
models. Some of the features included in our model worlds are shown
in Figure 1.
To estimate what might happen in the future, we set up our climate
models using what we know about the world today. We let the different
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CLIMATE MODEL
A climate model is a
model world built on a
computer. Some
climate models are
more complicated
than others.
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elements shown in Figure 1 interact with each other. We then make
sure that the model world produces a climate that is as similar to the
real world as possible. Once we have done this for the present day,
we use our computers to predict what will happen to our climate in
the future.
As you can see from Figure 1, we can use our model worlds to look at
much more than just the air. For example, if there is more rain in the
future, will the type of crops that people grow change? Because the
whole natural world is connected, there are loads of other things to
think about, for example:
1. The different gases in the atmosphere and how they interact with
each other through chemical reactions.
2. The effect of climate change on tiny plants and animals, called
plankton, in the sea. Plankton are affected by sea temperature and
the air touching the sea surface. Plankton affect the whole food
chain in the sea.
3. As the air warms, crops and other plants on the land may need to
be grown in different places.

SUPERCOMPUTER
A supercomputer is
one which can perform
calculations much
faster than a
personal computer.

There are many different climate models. Some include all the
processes shown in Figure 1 and others just a few! Some organizations
have extremely powerful computers so that they can do their
calculations very fast. They are called supercomputers and they can
do huge numbers of calculations every second. Using the answers that
the supercomputers give, we can get a weather forecast for tomorrow,
or an estimate of how our climate may change in the future. Just
remember that all computers are doing calculations like you can do
yourself with a pen and paper, just much faster!

ISN’T CLIMATE CHANGE JUST A NATURAL PROCESS?
This is a commonly asked question, and a good one! The climate has
indeed changed before, but currently it is changing faster than normal.
The faster rate of climate change is due to human inﬂuences on the
world, instead of natural processes, which generally happen much
more slowly [2].
One way that we can get an idea of the speed of climate change is
by looking at ice cores. These are long cylinders of ice that are drilled
out of ice sheets from places like Antarctica. Ice cores are made of
thousands of years of snow that has fallen but not melted. Tiny bubbles
of air can get trapped inside this snow, which is then squashed over the
years to form hard ice. These air bubbles contain GHGs and scientists
can measure how much GHG was present throughout the thousands
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Figure 2
The graph on the
bottom shows how the
amount of carbon
dioxide in the air has
changed over the last
800,000 years. The data
is from ice cores [2].
The blue circle on the Y
axis shows the amount
of carbon dioxide in the
air today (early 2020)
which is much higher
than it has been in the
last 800,000 years. The
photograph at the top
shows a piece of ice
from Antarctica with
lots of air bubbles
trapped inside. This air
can be analyzed in a lab
to ﬁnd out how much
GHG was in the air
when the snow fell and
froze solid to form the
ice [3].

Figure 2

of years of squashed snow. Figure 2 shows about 800,000 years of
information about CO2 levels from ice cores.
Until about 200 years ago, people had little effect on the amount of
GHGs in the air. The line in Figure 2 shows that, over long periods of
time, the amount of CO2 in the air has gone up and down naturally.
At the time of this writing though, the amount of CO2 in the air has
increased so that it is now a lot higher than it has been in almost the
last million years. This is shown by the blue circle in Figure 2. The CO2
level is still increasing. You do not need to understand exactly what
the numbers mean, but as you can see from Figure 2, CO2 levels have
gone up and down in the past. The key difference though is that the
amount of GHG in the air is increasing much faster than before.

WHAT IS A MODEL AND WHAT IS A SIMULATION?
We have explained what a climate model is, but it is also important to
talk about simulations. You now know that a climate model is a model
world built on a computer. However, exactly what you do with that
model is up to you. You can change the predicted future climate by
changing how you use the model.
A simulation is what is produced by the model. What this means is that
you can do as many simulations as you want using the same model.
I like to think of this as similar to computer gaming. You might be
playing a car racing game where you are trying to beat your previous
fastest time. The track you are racing on is a computer model of a real
racetrack and each time you race on it you are doing a new simulation.
Each simulation will be a bit different (a different time in the game) but
you are still using the same model (the game).
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Figure 3
An example of the
ozone hole in 2015 [4].
The blue area around
the South Pole (where
the curved lines meet)
shows where ozone
was destroyed high up
in the atmosphere.
More recently, the
ozone hole has started
to close up again but
will take decades to
return to its
natural state.

Figure 3

AN EXAMPLE OF WHY COMPUTER MODELS ARE
IMPORTANT
OZONE
Ozone is a gas in the air
which protects against
harmful rays from
the sun.

OZONE DEPLETING
SUBSTANCES
Ozone depleting
substances (ODSs) are
substances in the air
which cause ozone gas
to be removed.

MONTREAL
PROTOCOL
The Montreal Protocol
is an international
agreement signed by
lots of different
countries to limit the
emissions of ozone
depleting substances.

Some of you might have heard of the “ozone hole” around the South
Pole. Ozone is one of the many different natural gases in the air. Ozone
absorbs some of the sun’s rays, which are bad for your skin. Because
of the way that things like refrigerators used to be made, certain gases
were released into the air that destroyed ozone. These gases are called
ozone depleting substances (ODSs). An image showing the ozone
hole in 2015 is shown in Figure 3.
This destruction of ozone was discovered in the 1980s, and in
1987 ODSs were banned. The agreement that was reached took
place at a meeting in Montreal, so the agreement is called the
Montreal Protocol. Since then, the hole in the ozone layer has started
to shrink.
Using model worlds, scientists have estimated what the world might
have looked like in the future without the Montreal Protocol [5].
Scientists found that banning ODSs has helped to slow down climate
change around the North and South poles. This shows that if we work
together to ﬁght climate change, we can make a really big difference
to the future of our world:
“The Montreal Protocol has not only averted further damage
to the ozone layer but has helped prevent signiﬁcant regional
climate change.” [5]
In this case, the model world showed how our climate would have
been different in speciﬁc regions if ODSs had not been banned. This is
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an example of why building model worlds and running simulations on
those worlds is an important step toward protecting our climate.

YOU CAN HELP!
By using the power of the Internet, we can build a special type of
computer together. Many people’s computers are often switched
on but not doing very much. What this means is that the spare
computer power can be used to do some calculations about future
climate change.
If you have a computer that you can use, then you can be a
climate scientist too. If you want to get involved, then you can go to
www.climateprediction.net. Here, you can sign up to run a model of
the atmosphere on your own computer!
CITIZEN SCIENCE
Citizen science projects
are ones where the
public give some of
their time to help
answer a science
question. These are
often performed online.

www.climateprediction.net is just one example of what is called a
citizen science project. Citizen scientists are people who give some of
their time to help answer a science question. What is great about these
projects is that a lot can be achieved using teamwork! There are lots of
these projects out there and you can start getting involved today.
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