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Carbon dioxide (CO2 ) is a gas that contributes to global warming.
When we burn fuel (for example to drive cars or to generate power)
we put more CO2 into the air, which contributes to climate change.
Nature is very good at removing CO2 from the air. Trees need it to
grow and the oceans can dissolve it. But not all the new CO2 is
removed, so the amount in the air increases each year. Every year,
we try to predict how much more CO2 we will have. For an accurate
CO2 forecast, we must understand how human activity and natural
ecosystems affect each other. In this article, we explain how we can
make this forecast. For 2020, we predict that CO2 levels will increase
faster than average.

CARBON DIOXIDE
(CO2 )
A gas in the
atmosphere that is
created when we burn
fossil fuels. CO2 is a
greenhouse gas and
can stay in the air for
many years. It is the
main cause of
climate change.

WHAT IS THE CARBON CYCLE?
Carbon dioxide (CO2 ) exists naturally in the earth’s atmosphere. It
is a greenhouse gas—you might want to read more about this in
Jonny Williams’s article [1] which explains more about how this causes
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Figure 1
The global carbon
cycle. Trees and plants
absorb CO2 and turn it
into the carbon they
need to grow, through
photosynthesis. The
carbon returns to the
atmosphere as CO2
when dead plants and
leaves decay. Oceans
absorb carbon and
release it back to the
atmosphere. Human
activities, like burning
fossil fuels and cutting
down trees, put more
CO2 into the
atmosphere.

GREENHOUSE GAS
A gas in the
atmosphere which can
absorb heat and cause
the planet to warm up.
These occur naturally,
such as carbon dioxide
and water vapor, but
human activity is
putting more
greenhouse gases into
the air leading to the
planet getting warmer.

CARBON CYCLE
The movement of
carbon through
nature—plants absorb
CO2 from the air as the
grow, and release it
again when they die.
The water in the
oceans dissolves CO2 .
This cycle is called the
carbon cycle.

FOSSIL FUEL
Fuels, such as coal, oil,
and natural gas that
were formed millions
of years ago when
plants and animals died
and became buried.
Burning fossil fuels
creates CO2 , which
goes into
the atmosphere.

Figure 1

climate change. It is also essential for plants to grow. When plants
grow, they absorb CO2 from the air. When they die, the CO2 goes
back to the atmosphere. This is known as the carbon cycle. It is a bit
like the water cycle, which you probably know about: when it rains on
land, the water ﬂows through rivers into the sea. Then it can evaporate
again before falling once more as rain. The water just goes round and
round in a big cycle.
Something similar happens for CO2 (Figure 1). It can be absorbed by
both plants on land and in the ocean (tiny plants called phytoplankton).
Via photosynthesis, plants turn the CO2 into the carbon needed to
grow their trunks, leaves, or bodies. When the plants die, the carbon
goes into the soil where bacteria and microbes eat it and turn it back
into CO2 . Before humans began to burn lots of fossil fuels about
200 years ago, the total amount of carbon in the cycle remained
the same. But now, humans have added more carbon to the carbon
cycle by cutting down trees, called deforestation, and burning coal
and oil.

HOW HAS CO2 IN THE AIR CHANGED OVER HISTORY?
In 1958, scientists started to measure the CO2 in the air directly.
For thousands of years, it was constant. If you examined one million
molecules of air, 280 of these would be CO2 . We call this parts per
million (ppm). So, we would say that the CO2 concentration for many
years was 280 ppm. About 200 years ago as industrialization began,
humans started to cut down more and more forests and to burn fossil
fuels, like coal and gas. These activities put more CO2 into the air.
Since about 1850, the concentration of CO2 in the air has increased.
Scientists ﬁrst measured CO2 in the air in Mauna Loa, Hawaii, where
there is an observatory on top of a large volcano. This is a good place
to measure CO2 because it is away from large land areas where there
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Figure 2
CO2 is measured in the
air at an observatory in
Mauna Loa, Hawaii
(photograph), by
scientists from the
Scripps Institute of
Oceanography.1 The
graph shows that CO2
has increased from
about 280 ppm before
human activity started
to put lots more CO2
into the air, to more
than 410 ppm in 2020.
1

You can see this
ﬁgure, and the latest
measurements on
their website here:
https://
scripps.ucsd.
edu/programs/
keelingcurve/

EL NIÑO
A weather pattern that
happens approximately
every 4 years. The
temperature of the
Paciﬁc Ocean gets
warmer and this leads
to hotter and drier
weather in many
regions. The opposite
pattern is called La
Niña, which leads to
cooler temperature
around the world.

GROWTH RATE (OF
CO2 )
We know that there is
more CO2 in the air
every year, because we
can measure it. But
some years it increases
faster than others. The
amount that it changes
is called the
“growth rate”.

Figure 2

is more pollution. A famous scientist called Charles Keeling kept these
measurements going [2] and now we can see that, since 2016, CO2
has reached more than 410 ppm (Figure 2). This is the main reason our
climate has warmed by about 1◦ C since the industrial revolution.

WHAT MAKES THE AMOUNT OF CO2 IN THE ATMOSPHERE
CHANGE?
We know that human activity puts more CO2 in the atmosphere, but
we also know that the carbon cycle removes some of it. This makes it
quite complicated to understand how much more CO2 will continue
to be added to the air. Scientists have worked very hard to measure
what is happening with CO2 , and now we know that about half of the
CO2 emissions stay in the air. Plants and oceans absorb the rest. In
other words, if we burn fossil fuels and create 4 tons of CO2 , then
about 2 tons will stay in the air, 1 ton will be absorbed by plants, and 1
ton by the oceans.
We know that the amount of CO2 in the air increases every year. This
trend is caused by people burning fuels and cutting down trees. We can
also see that, in some years, CO2 increases more quickly than in others.
This is true even if the amount of fuel we burn is about the same, and
results from different types of weather. Some years are hot and some
are cold. Weather differences can change the amount of CO2 that is
absorbed. A weather pattern called El Niño happens approximately
every 4 years, making some places hotter and drier than normal. The
warmer weather can slow down plant growth and cause more ﬁres,
which means more CO2 in the air than normal. Figure 3 shows the
changes in CO2 each year—we call this the growth rate. In hot years,
the growth rate is greater than in cold years.
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Figure 3
The CO2 growth rate,
which is the amount
that CO2 in the air
increases every year, is
shown with a black line.
The blue line shows
how much the tropical
Paciﬁc Ocean
temperature is above or
below normal. You can
see that CO2 increases
by about 2 ppm each
year, with an average
growth of 1.6 ppm per
year over this whole
period. Since 2000, the
average growth rate
was 2.2 ppm per year.
Hot years caused by El
Niño lead to greater
CO2 growth, as you
can see by the red
arrows.

Figure 3

CO2 FORECASTING
CO2 FORECASTING
We know that the
amount of CO2 in the
air will increase every
year, but we do not
know exactly how
much. We use our
knowledge of the
carbon cycle to predict
how much more CO2
we will get. This is our
CO2 forecast.

2

You can see the
forecast for this year
(2020)
here: https://
www.metoffice.
gov.uk/
research/
climate/
seasonal-todecadal/longrange/
forecasts/co2forecast

The process of predicting how much CO2 will end up in the air each
year is called CO2 forecasting. For accurate CO2 forecasting, we must
understand three processes: how much fuel the world is using, how
much forest is being cut down, and how the weather will change
natural processes.
At the end of 2015, we knew from seasonal weather forecasts that a
big El Niño was going to happen. So, we expected that CO2 in the air
would grow more quickly than ever before. We made a forecast and
wrote a paper about this [3]. At the end of 2016, we measured the CO2
at Mauna Loa to check whether our forecast was right. It turned out
we had correctly predicted the biggest CO2 increase ever seen, and
that CO2 was now more than 400 ppm. Now, every year, we repeat
our CO2 forecast for the next year.2
For 2020, our seasonal forecast predicts that there will be a small El
Niño. This means CO2 will grow faster than usual, but it will not be a
record. If our forecast is correct, it will be the fourth biggest increase
seen in CO2 . We also expect that the world will burn about the same
amount of fuel as last year [4], releasing about 42 billion tons of CO2 ,
which is more than 5 tons of CO2 for every person in the world! When
we combine these facts, we can predict that CO2 will increase by 2.74
ppm and the average for 2020 will be 414.2 ppm. This is the highest
CO2 level for over a million years.
You may have seen the news that Australia had some very hot weather
at the end of 2019 and early 2020, which led to some huge ﬁres. The
ﬁres affected lots of people, homes, and animals, but they also burnt
down many trees, which put more CO2 in the atmosphere. We can use
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https://www.
carbonbrief.
org/analysiswhat-impactwill-thecoronaviruspandemic-haveon-atmosphericco2

CARBON BUDGET
We know that putting
more CO2 into the air
causes climate change.
By understanding how
the carbon cycle works
we can work out how
much CO2 will cause a
dangerous level of
climate change. We
need to make sure that
we burn less fossil fuel
than this amount of
carbon—which we call
the carbon budget.

Yearly CO2 Forecast

satellites to measure how many ﬁres there were and to estimate how
much CO2 this caused. From our analyses, we think that these ﬁres
made the CO2 increase about 2% faster than previous years. We also
know that people have used less fuel, especially for transport, because
of the Covid-19 pandemic. This means CO2 emissions might be a bit
smaller in 2020 [5], so we expect about 0.3 ppm smaller growth3
of CO2 .

WHY IS CO2 FORECASTING IMPORTANT?
We know that our climate is changing and that these changes are
having some devastating effects on people around the world. We
have seen more storms, more droughts, and more ﬁres like those
in Australia. Some of these might happen anyway, but with climate
change we know they will happen more often. We know it is extremely
important to try to stop climate change from getting even worse. To
stop it from getting too bad, we should all try to reduce the amount of
new CO2 we put in the air. If we can understand how natural processes
take CO2 out of the atmosphere, then we can calculate how much we
must reduce our use of fuel. We call this a carbon budget. You might
have a budget for spending your money, which tells you how much to
spend on food, clothes, and so on. Scientists can work out a carbon
budget, which measures how much fuel we can use before climate
change becomes too dangerous.
Our CO2 forecast is part of the research that we need to help
understand the global carbon cycle. We now know that we can
predict the world’s carbon cycle very accurately for 1 year. This will
help us improve how we predict CO2 growth for many years in the
future, which can help the world plan ways to avoid the dangers of
climate change.

STRETCH AND CHALLENGE!
If you like maths, here is the equation we use to make our forecast.
We add together the CO2 made by burning fossil fuels and
deforestation. We call this the emissions, and use the symbol “E”. For
2018, 36.9 billion tons of CO2 came from fossil fuels and 5.5 billion
tons from deforestation [4]. So, E = 36.9 + 5.5 = 42.4 billion tons
of CO2 .
We also need a forecast of the ocean temperatures. We call this “N”
to stand for El Niño. The Met Office forecast predicts N = 0.59◦ C
for 2020.
Now we can calculate the CO2 growth rate for 2020 using an
equation, multiplying E and N by some numbers called coefficients.
kids.frontiersin.org
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The coefficients were determined by looking at the data for the past
and using a mathematical technique called regression.
CO2 growth rate = 0.07 + (0.43 × N) + (0.057 × E)
= 0.07 + 0.25 + 2.42
= 2.74 ppm
4

Stretch and
Challenge Answer:
The growth rate
would be 2.091
ppm. Did you get
it right?

Now imagine that, in 2021, emissions might increase to 43 billion tons,
but maybe we might have a cold La Niña and N = −1◦ C. Can you work
out what the CO2 growth rate would be?4
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YOUNG REVIEWERS
ADDY, AGE: 12
I am in sixth grade and really enjoy being on student council. I really like helping
animals and I hope to become a veterarian when I get older. My favorite class in
school is my dance class (I am very ﬂexible) and I love to travel.

SHANMUKH, AGE: 12
My name is Shanmukh. I am 12 years old. One of my hobbies is doing crafts. My
favorite sport is basketball. I have a great passion for math and science. This summer,
I did a project that involved monitoring growth of plants and weather conditions.
The different plants I studied included: tomatoes, egg plants, and jalapenos. I
am very excited to be a Young Reviewer and thank Frontiers for providing me
this opportunity.
TEDDY, AGE: 9
I want to be an engineer. I have really enjoyed trying and struggling to learn how to
engineer and code things. I am dyslexic. I really love math (especially algebra and
geometry). I like to travel. I bike 30 miles a week most weeks.
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