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Since the Industrial Revolution, Earth’s climate has been changing
fast. Human actions are the major factor promoting this intense
pace. In particular, the massive use of fossil fuel (oil, charcoal,
gas) releases a large amount of carbon dioxide (CO,) into the
atmosphere, which concentrates, and warms the planet. So far, this
climate change has not affected life on Earth too much. However,
it is threatening the existence of several life forms that have to
endure this climate change coupled with other human-induced
changes (for example, deforestation). All these factors combined
may soon affect us, too. For instance, the availability of food may
be drastically reduced. In this article, we talk about the link between
human activities and climate change, because humanity can still
slow down its impact on the planet. There are many things everyone
can do to help slow the climate change and life form extinctions
in the near future.
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Figure 1

(A) The changes in
average temperature
and CO, levels over the
last 100,000 years.

(B) The changes in
average temperature
and CO, levels between
the years 1880 and
2016. In both (A, B), the
blue-red line represents
temperature changes
and the green-brown
line represents CO,
variation. From these
graphs, you can clearly
see that: (1) climate
change and CO,
variation are closely
related; (2) climate has
been changing over
thousands of years; and
(3) Earth is warming fast
since 1880.

(C) Greenhouse gases
are gases capable of
warming the Earth and
the Atmosphere.
Release of greenhouse
gases into the
atmosphere (upward
arrows) and removal
from the atmosphere
(downward arrows) are
shown. Red arrows
represent
anthropogenic-related
emissions, and green
arrows represent
natural emissions (Data
for A and B come from
NASA, USA, and the
National Oceanic and
Atmospheric
Administration, USA).
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CLIMATE IS CHANGING VERY FAST TODAY AND THIS IS NOT
NATURAL

Do you know the difference between weather and climate? The weather
is composed of a series of physical properties, like temperature, rainfall,
wind speed, and many other characteristics that change according to
seasons, days, or even hours. When we consider the weather over long
periods of time (30 years or more) we are talking about climate. Our
planet’s climate is constantly changing over time (Figure 1A). Some time
periods in the past were considerably warmer and others considerably
colder than today and similar changes will happen in the future.

A) TEMPERATURE AND CO, CHANGES
IN THE LAST 100,000 YEARS
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A source of energy
formed by the
transformation of the
remains of dead plants
and animals that were
buried millions of years
ago. Examples: oll,
charcoal, and gas.
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Around 20,000 years ago, the last cooling phase ended, starting a
warming period until around 8,000 years ago, during which Earth'’s
average temperature rose between 5.6 and 8.5°F (3.1-4.7°C) [1]. This
means a change of around 0.06°F (0.03°C) every century. Between
8,000 years ago and the Industrial Revolution (around 200 years ago),
temperatures were relatively constant. Since then, temperatures have
been increasing again, and very quickly (Figures 1A,B). By 2100, scien-
tists believe that the mean temperature on the planet will have raised
an additional 3.6—8.8°F (2.0-4.9°C) compared with the temperatures
at the time of the Industrial Revolution [2]. This means that the planet’s
temperature rise in the next century will be about 100 times faster than
what happened during the last 20,000 years. While past changes in
climate were the result of several factors, like the amount of energy
coming from the sun and the concentration of different atmospheric
gases, this time humans are mainly responsible. And that is why we
call the current warming the anthropogenic (or human-induced)
climate change.

Since the Industrial Revolution, our species has been burningimmense
amounts of fossil fuel to support our ever-growing demand for energy.
Primarily through this activity, over the last 200 years, humans have
increased the amount of carbon dioxide (CO,) in the atmosphere by
about 46%. And CO, is not the only factor affecting climate. The use
of fossil fuels, agriculture, industrial processes, and deforestation emit
other substances (or prevent them from naturally decreasing) that con-
tribute to climate changes (Figure 1C).

The anthropogenic climate change may not seem much to us now,
but it will have a huge impact on humankind within the current
and next few generations. The frequency and intensity of natural
phenomena, like droughts and storms, will very likely increase with
several consequences to humans (Table 1). Even our shorelines will
dramatically change as the oceans rise, primarily due to the melt-
ing of the ice caps. This may result in the abandonment of entire
coastal cities, like New York, Miami, Rio de Janeiro, Amsterdam,
and Bangkok.

Climate change will also affect life forms on the planet. Several
microbes, plants, and animals will probably become extinct. Just
to give you a glimpse of how life can change in response to cli-
mate change, only 6,000 years ago the Sahara Desert, one of
the driest places on Earth today, was covered by lush vegetation.
This green landscape was a result of the more humid conditions
back then [3].
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Table 1

Major direct impacts on
human lives due to the
anthropogenic climate
change (Information
adapted from the
Intergovernmental
Panel on Climate
Change).

MIGRATION

Movement of
individuals from a
species to find more

favorable environments.

EVOLUTION

The changes occurring
over generations of life
forms. It is usually most
easily seen in the
observable
characteristics of

individuals, such as size,

fur color, and behavior.

Hubbe and Hubbe

Heat waves Increase of death in elderly and poor

Climate Change and Life's Future

Increase in heat stress in livestock and agriculture
Change in tourism destinations

Rainfall Increase in floods

Increase in soil erosion

Decrease in crop and livestock production
Decrease in quantity and quality of water
Increase in forest fires

Drought

Storms Increase property and infrastructure losses
Increase in infectious disease epidemics
Increased risk to human life

Increase in coastal erosion

Table 1

SO, WHAT HAPPENS TO LIVING BEINGS WHEN THE
CLIMATE CHANGES?

Climate changes affect how living beings interact with each other and
with the environment they live in. When faced with climate challenges,
species have two main options (which can also happen in combination).
The firstis to migrate. For example, as the ocean surface temperatures
increase due to the anthropogenic climate change, several species, from
algae to fishes, are moving toward the poles in search of colder waters [4].
For migration to happen, species must be able to find another place
where they can survive and prosper. This is easier, as you can imagine,
for species that are able to travel long distances during their lifetimes,
like whales and cougars. However, it can be very hard for species that
cannot travel long distances or that do not disperse seeds very far or
very often, like sloths and orchids.

The other way a species can survive is to evolve. Evolution can happen
on asmall scale. For example, over a few generations, alpine chipmunks
(Tamias alpinus) at Yosemite National Park, California, USA, evolved
longer faces over 100 years in response to climate change [5]. Evolution
can also happen on a large scale, resulting in the origin of new species.
For instance, brown bears (Ursus arctos) and polar bears (Ursus mariti-
mus) evolved from the same species of bear in a process that started
around 480-340 thousand years ago, as the two groups accumulated
more and more differences over time [6].

Sadly, when species cannot migrate or evolve in response to the
changes in the environment, they become extinct. Human lifestyle
and the rapidly increasing number of humans on the planet impose
a series of challenges for the survival of several species (Figure 2).
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Figure 2

(A) Vertebrate
extinction rates since
the year 1500. The
dotted line
("Background”)
represents the amount
of extinction expected
without human
influence. You can see
that the amount of
extinctions caused by
humans has increased
over time, and is
several times larger
than the background
extinction rate.

(B) Major ways that
humans are causing
extinctions (Image
redrawn from Ceballos
et al. [9]).
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Figure 2

Around two vertebrate species became extinct per year during the last
100 years, mainly due to human causes [7]. Some examples of the many
harmful byproducts of our lifestyle are the intense deforestation due to
agriculture and the pollution of air and water. Anthropogenic climate
change deserves special attention, because it is different from other
human impacts. Anthropogenic climate change has a global effect,
even on areas that are seldom disturbed by other human impacts, such
as some protected areas. In addition, anthropogenic climate change
is happening too quickly for several species to be able to migrate or
evolve. This means that anthropogenic climate change is a serious
threat to species that are already struggling to survive on an extensively
human-transformed Earth. The take-home message here is: humans
are causing a long-lasting and devastating impact on life on Earth. To
put it in numbers, it is possible that over 75% of all species, three out
of every four species that currently exist, will be extinct a few centuries
from now [8]!

Extinction of exquisite life forms is sad in itself, but the problem of
extinction goes far beyond just the disappearance of these organisms.
We rely on many of them to survive. The quality of the air we breathe,
the water we drink, and the food we eat, just to name a few, are directly
related to the existence and the health of several other species.

In addition, we also study other lifeforms to find solutions to our own
problems. For instance, the hook-and-loop fastener (a.k.a. VELCRO)
was developed after studying the burrs (seeds) of a plant called bur-
dock, which naturally attach to clothes. Several medicines have been
discovered in different life forms and were only later synthesized in
laboratories. There are countless inventions/discoveries waiting for us
to find by studying nature, but they are only available while the species
that can help us are still alive on the planet.

kids.frontiersin.org March 2019 | Volume 7 | Article37 | 5


https://www.frontiersin.org/article/10.3389/frym.2019.00037
https://www.frontiersin.org/article/10.3389/frym.2019.00037
https://www.frontiersin.org/article/10.3389/frym.2019.00037
https://kids.frontiersin.org/

The quantity of CO,
produced is balanced
by the removal of an
equal amount of CO,

from the atmosphere,

resulting in zero net
carbon emissions.
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BE PART OF THE SOLUTION!

All over the world, people are working together to lessen the effects of
climate change and other negative human impacts on the planet. The
Paris Agreement, which started in 2016, is a good example of this. This
agreement is a global effort to prevent global temperatures from ris-
ing more than 3.6°F (2°C) in relation to the period before the Industrial
Revolution. The basic idea is to drastically reduce global emissions of
CO, and other substances that contribute to climate change. Currently,
185 countries out of almost 200 have joined in support of the Paris
Agreement. The Danish city of Copenhagen has an ambitious plan, too.
It wants to become a carbon-neutral city by 2025. To this end, among
other things, the city is changing its energy production from fossil fuel
to mainly wind- and animal/plant waste-derived energy, reducing the
amount of trash produced, and transforming the city in a huge bicycle
path. In several countries, scientists have been studying different ways
to remove CO, from the atmosphere and turn it into something use-
ful. Some researchers, for example, are studying how to use bacteria
to turn CO, into fuel.

However, in a planet with over 7.6 billion people, we all need to change
our ways of living to minimize anthropogenic climate change. There
are many ways that each of us can do our part. A good first step is to
calculate your family’'s carbon footprint. The carbon footprint meas-
ures how much CO, we are emitting into the atmosphere over a cer-
tain period of time. You can calculate your carbon footprint using
different calculators online. One of the many possibilities is https://
coolclimate.berkeley.edu/calculator. And once you know your carbon
footprint, try to reduce it! You will be amazed by how many things
we do that impact the planet. The bright side is that there are also
many simple ways to reduce our negative impact. Here are some easy
things any of us can do to help prevent anthropogenic climate change:
http://www.un.org/sustainabledevelopment/takeaction/. A few of these
easy actions include: do not buy things you do not need, unplug appli-
ances and turn off the lights you are not using, take shorter showers, eat
less meat, poultry, and fish, shop locally and from sustainable sources,
and use your bike or public transportation instead of a car whenever
possible. Simple actions like these can make a big difference if enough
of us perform them! We should all try to reduce our carbon footprints
as much as we can, because we will then reduce our impact on anthro-
pogenic climate change and the related negative consequences for
life on Earth.

Let us change the world in a cooler way!
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