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The Earth has been around for a long time. Earth’s climate history is

called its paleoclimate, where “paleo” means old or ancient. In this

article, we explain how studying paleoclimate helps us understand

how andwhy the Earth (and the life on it) evolved over time. Scientists

can study the fossils, chemicals, and minerals preserved in ice or

ancient rocks. Using this information, as well as computer models of

Earth’s past climate, scientists can figure out climate changes going

back millions of years. Understanding past climate changes helps us

understand how Earth’s climate is changing now, and how it might

further change in the future.

WHATWAS EARTH’S CLIMATE LIKE IN THE PAST?

The Earth is 4.5 billion years old—that is 4,500,000,000 years! It would
take you over 1,000 years just to count to that number! Modern
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humans have only been around for about 200,000 years, so a lot of
time passed before humans had an impact on the Earth.

Throughout Earth’s history, the planet’s climate has changedCLIMATE

The average long-term
pattern of weather in a
region or across
the Earth.

dramatically. The climate of ancient Earth is called its paleoclimate,

PALEOCLIMATE

The climate of the Earth
at a particular time in
the past, when direct
measurements (such as
from a thermometer)
could not be taken.

and scientists study it to understand how Earth’s climatemight change
in the future. In Figure 1, you can see how, in the past, Earth’s
climate was either much warmer or much colder than it is today. Over
the past million years, there have been several ice ages, occurring
approximately every 100 thousand years (Figure 1B). During the more
recent ice ages, early humans started to evolve to what we are now.
Thick ice sheets covered much of Europe and North America; in the
UK, ice extended up to 1,000 meters above your head! Temperatures
were much colder, but there were still big animals that were specially
adapted to those icy environments, including wooly mammoths and
saber-toothed tigers.

Figure 1

Figure 1

(A) Changes in Earth’s
carbon dioxide (CO2)
(left) and temperature
(right) over the last 400
million years [1]. This is
only a small section of
Earth’s 4.5-billion-year
history. Notice how the
x-axis changes. The red
line shows the amount
of CO2 in the
atmosphere before
humans started burning
fossil fuels. Future
scenarios are
dependent on how
much CO2 we release.
(B) A more detailed
view of temperature
changes throughout
the ice ages over the
past 1 million years,
constructed from
Antarctic ice cores [2].
These show how much
climate has changed
naturally throughout
Earth’s history.

If we keep going further back in time, temperatures were much higher
than they are today. During the Eocene (about 56–45 million years
ago), there were no ice caps at all, and palm trees and crocodiles
lived in the Arctic! Before then, between 150 and 80 million years ago
in the Cretaceous period, dinosaurs lived on the Earth. Temperatures
were even higher, more than 13◦C warmer than today. A lot of the
Earth was covered in tropical rainforests, including the UK. Antarctica
was covered with forests, and those fossils tell us that cold-blooded
reptiles lived there, similar to those that live in the tropics today.
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If we continue to go back in time, around 600–700 million years
ago, there was a period called the Cryogenian. During this period, the
Earth was completely covered in ice, even at the equator. Scientists
call this “snowball Earth.” This may sound unpleasant, but these cold
temperatures likely led to an explosion of life in the oceans, which was
responsible for the start of most living things we see today. As you can
see, humans are just a tiny part of Earth’s history.

WHAT CONTROLLED PAST CLIMATES?

So what caused these big changes in climate? This is complicated
because there are many di�erent reasons, and they occurred over
di�erent timescales.

One major long-term controller of climate is the amount of
greenhouse gases in the atmosphere. These gases include carbonGREENHOUSE

GASES

These are gases that
are in the atmosphere
and trap heat from the
sun. They include
carbon dioxide
and methane.

dioxide (CO2) and methane (CH4), and they act like a greenhouse
around the Earth by trapping heat energy from the Sun. More
greenhouse gases trap more heat, so temperatures rise. The amount
of greenhouse gases has changed slowly and naturally throughout
Earth’s history. There are lots of reasons for these changes, including
the amount of volcanic activity, changes in ocean circulation, the types
of vegetation, and complicated processes like weathering of rocks.
More recently, greenhouse gases have been increasing dramatically
due to human activity such as burning fossil fuels. A rapid increase inFOSSIL FUELS

Natural fuels that have
formed underground
over a long period of
time from the remains
of living organisms.

greenhouse gases is playing a major role in the climate change that is
happening today [3].

Anothermajor controller of climate is the position of Earth’s continents
(Figure 2A). Continents move on very long timescales because blocks
of land sit on a layer of molten lava called the mantle, which is moving
them very slowly. Every 300–500 million years, Earth’s continents join
together into one massive continent. For example, around 175 million
years ago, all of Earth’s land was joined together in one supercontinent
called Pangea. When Pangea broke apart, it changed wind and ocean
currents, eroded land, and created big volcanoes. All these things had
significant impacts on Earth’s climate, partly by changing the amount
of greenhouse gases in the atmosphere.

Earth’s vegetation also influences climate. The first land plants evolved
about 470 million years ago and began to suck CO2 out of the
atmosphere. These early plants may therefore have cooled the climate
leading to ”snowball Earth.” Later, vegetation with dark green leaves
(like ferns and trees) evolved. The dark colors absorbed the Sun’s
energy, which may have helped warm the planet.

The Sun’s energy is themost important factor keeping the planet warm
enough for life to exist—but the amount of energy we receive from the
Sun is not constant. The way the Earth travels around the Sun changes
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Figure 2

Figure 2

Natural processes that
control climate. (A) The
position of Earth’s
continents can change.
In the past all of Earth’s
land was joined
together in one super
continent called
Pangea [4]. (B) The
Earth’s orbit around the
Sun changes through
time [5]. These are
called Milankovitch
cycles, and they impact
the amount of heat that
reaches the earth,
which can influence
climate.

in cycles of hundreds of thousands of years. The amount of energy
reaching Earth is controlled by how close the Earth is to the Sun, how
much the Earth’s axis tilts, and howmuch the Earth wobbles as it spins.
These cyclic changes are calledMilankovitch cycles (Figure 2B). These

MILANKOVITCH

CYCLES

Refer to natural
changes in Earth’s orbit
around the sun that
occur over long periods
of time. These alter the
amount of heat that
reaches the Earth
which impacts climate.

cycles impact Earth’s climate and are responsible for the ice ages that
occurred over the past 2 million years (Figure 1B) [5].

There are also short, explosive events that can impact climate,
including meteorites, which are big rocks from outer space that hit the
Earth. For example, the dinosaurs went extinct when a huge meteorite
hit the Earth 65 million years ago. The impact released ash and soot
high into the atmosphere, which reflected some of the Sun’s energy
back into space, away from the Earth. This cooled the planet; meaning
plants and dinosaurs could no longer survive. However, seeds buried
in the soil were preserved and grew again when the climate started to
recover and warm.

HOWDOWEMEASURE PAST CLIMATES?

Because we do not have a time machine to go back and
measure Earth’s paleoclimate, scientists must use creative methods
to understand what climate used to be like. One way to look into the
past is to drill and extract ice from the north and south poles. These
ice cores can be up to 3,000 meters long! Scientists directly measure

ICE CORES

A long cylinder of ice
that is drilled out of an
ice sheet or glacier.
They can give scientists
information about
past climates.

small air bubbles in the ice that still contain CO2 from when they were
formed, some as long as 800,000 years ago.

As we discussed, there were many times during Earth’s history when
there was no ice on the Earth. So, what do scientists do then? One
method is to use proxies. Proxies are physical materials that recordPROXIES

Preserved physical
materials, such as
fossils, minerals or
molecules, which
record past conditions
and can be used to
reconstruct
past climate.

past conditions. Proxy materials can be fossils, molecules, or minerals
found in ancient sediments (Figure 3). For example, fossils of animals
and plants (including plant pollen) can tell us about the climate of the
past. If sediments contain palm tree fossils, for example, the climate
was probably hot and tropical in that location in the past.
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Figure 3

Figure 3

Scientists use ice cores,
proxies like shelled
organisms and fossils,
and climate models to
estimate past changes
in paleoclimate.

One of the most useful proxies is found in the oceans—the remains
of tiny, shelled organisms called plankton. During their lives, these tiny
organisms built their shells from molecules in the surrounding water.
When they died, their shells floated to the ocean floor andwere buried.
When scientists dig up these tiny shells, they can calculate the number
of organisms and analyze the molecules in the shells. This helps them
understand what the environment was like when those organisms
were alive, including climate factors like CO2 and temperature.

Another method to reconstruct the past is to use computers to
build model worlds that simulate both past and future climate.
These models use mathematical equations to represent the complex
processes that make up the climate system. Scientists set up these
models using information about the world today, which can then be
changed to match the conditions found in the past. These models
are very complex, so they need to be run on big supercomputers.
Scientists can run simulations with the models to provide information
about what the climate might have been like in the past.

Combining climate models with results from proxies gives scientists a
powerful tool to more accurately understand paleoclimate.
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WHY IS PALEOCLIMATE IMPORTANT AND HOWCAN IT

HELP US UNDERSTAND THE FUTURE?

Studying paleoclimate is important for understanding Earth’s past. It
explains why the present-day Earth is the way it is, such as why certain
animals and plants live where they do. Studying paleoclimate shows
us how the Earth (and life on Earth) responds to change.

As you have seen, Earth’s climate has changed a lot in the past, but
these changes usually take many thousands of years. Right now, we
are seeing climate change happening over just a few decades, making
it di�cult to knowwhat will happen next. Therefore, it is also important
to study paleoclimate to understand the future of our planet.

One of themost important things for scientists to understand is exactly
how changes in greenhouses gases (like CO2) a�ect temperature.
This is known as climate sensitivity. Paleoclimate information canCLIMATE

SENSITIVITY

A measure of how
sensitive the climate is
to a change in
greenhouse gases.

be used to help scientists better understand climate sensitivity. This
information can be used to improve climate models, so scientists can
more accurately predict how current changes in greenhouse gases
might impact future climate. Climate a�ects all life on Earth, including
plants, animals and us—so, understanding our past will help us prepare
for our future.
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