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AN ANCIENT POWER

Did You Know?
This is why fossil fuels
are non-renewable,
because they are

The world is mostly powered by
fossil fuels — these come from
living things that have died and
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decomposed over a long time. exactly that, and it is not
The three main fossil fuels are coal, | possible to make more.
petroleum and natural gas, but Scientists estimate these

might run out by the iy gL

the reality is that these will run out. ddle of this century.

/" No idea... But I have
this feeling it's a
sign of something big
that'll come after  f
we're gone. s

~ o B

We Are Recyclables
Plants and animals are made What's That?
mostly from hyd'rogen.and c:arbon. Fossils are the
When they die, their bodies preserved remains
decompose to become fossils that of ancient plants
store this “hydrocarbon” energy. and animals. Fuel is
Millions of years later, these fossils abny material that is
. urned to produce
deep in the ground can be burned heat and power.
to produce new energy. This is how

the ancient living world has been a
source of fuel for our modern one.



Plant and Plankton Power What's That?
When used as

Scientists say it is a myth that dinosaur

. . a proper noun
remains are part of these fossil fuels, but to refer to our
the coal we burn today does date back to planet, the

the time dinosaurs roamed Earth. word "Earth’
1S capitalised.

{ This is odd! The black rock
always burned before...

e Coal: Plants decay and turn into peat,
a natural layer of moss, which transforms
into coal with heat, pressure and time. This was
about 300 million years ago, and the reason why
it is called the Carboniferous (coal-laden) period.

e Petroleum: Small organisms called plankton die and
sink to the bottom of ancient seas. The substance
1s buried and chemically transformed over millions
of years. Under pressure and heat, this becomes a
hydrocarbon substance we call crude oil, which is
refined to become petroleum.

e Natural gas: Under even hotter temperatures,
these hydrocarbons become natural gas. It also
lies in pockets of gas deep in the ground.

They'll need to
wait a loooooong time
before those turn

into fuel...

A Black Rock and a Hard Place

Archaeologists believe that 4,000 years ago, a person in

Northern China came across an odd piece of black rock
and discovered it could burn. In a

time before electricity and gas, this Did You Know?
must have been a groundbreaking The use of coal
discovery. By the Han dynasty in = Vorldwide peaks in the
the 3rd century sc, these ‘stones’ ;Zirxyzgyot?; d:(’)‘;‘j?h
were used for fuel and extracting of China’s eco?womy.

iron ore from the ground.

[ don't get it...
Why aren't these
dinosaur remains
burning?

Takeout hasn't
been invented yet,
has it?



THE EARTH
EXPERIMENT

The last decade was the hottest on record, and
2020 was the hottest year ever. The question now
i1s whether global warming will keep trending
upward, causing hottest to become even hotter.

Did You Know?
The UN Secretary-General
Anténio Guterres has called on people to
change the game on the climate, before
the climate changes our lives forever.

What's That?

To change the game
1s to do something to
change the direction
.. for the better.
"Making peace with nature is the defining

task of the 21st century. It must be thel

top priority for everyone, everywhere.

Give peace a chance,
will you?

CURRENT
GLOBAL ARE You
TEMPERATURE  «woine? [Ill] ARRReH!

VERY —
Het
e HOTTER,
GETT
HoT
WARM
JusT
NICE
CooL
C-¢-CoLD

What's That?
Geoengineering s
to make large scale
changes to how
the planet works,
to slow down or
reverse the effects
of climate change.

A Global Chain Reaction

Since the late 19th century, the
global temperature has gone up
about 1°C. Such a seemingly

small number has had devastating
effects on everything — the weather,
the oceans and all creatures big

and small. The excessive burning of fossil fuels,
releasing CO, which causes global warming, has made
this a giant “geoengineering” experiment for Earth.
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Too HOT to Be Cool

The impact of higher temperatures is no longer
a concept in a far-flung future. Changes due to a Gl At loast
warming Earth is happening right here, right now. e Migration: When it is far from he's not hot
too warm, animals seek
ADELIE_PENGUIN cooler regions to survive.
0 Some do not make it.

e Ice melts: Glaciers and ice sheets
are melting, especially at the .
earth’s poles. Animals that live S
in icy regions are losing their C‘-—,—-_—;:)D

habitat, or homes.
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Editor's note: In nature, you won't find
polar bears and penguins together.
They live on opposite poles! L/
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» ey - .
. .. QAN
e Sea levels rise: Low-lying islands ‘ " (j:‘f : S abSOIb.Ed by the
. . L — 0
and countries may lose their land, 7 A > | oceans, mgkmg e oo
and animals and plants living . _ RO THOEE SEIE W il
: ’ — . ~
near shorelines may die out. ',:',)‘”"4”{';"J -'(,/ u}‘ N it harder er SOTe corgls
Vi 2550900 and organisms to survive.
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A Climate Catastrophe

Warmer temperatures collide with
cooler air, creating weather disasters
and distress over the last two decades.

e Flooding: Warm air
expands, forcing winds
to spiral upward. As
the winds cool, water
vapour condenses and
falls as rain. Together
with rising sea levels,

heavy rains cause

floods, disrupting lives.

What's That?

A catastrophe
is a disaster.

e Greater evaporation: Higher
temperatures cause plants
and soil to lose water,
making the climate in
drier regions even warmer. o

Hurricanes: Warmer
temperatures and
sea surfaces are causing
more superstorms

e Extreme heat waves:
These are periods of
abnormally hot weather, coming from the oceans.
lasting days to weeks. Scientists are also
Intense heat waves have caused studying trends in severe
droughts and uncontrolled wildfires. snow and thunderstorms.
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A Giant Buffer " Did You Know? |
SCIEN CE OF Even in the late 19th century, Water covers more
scientists already suspected that th{zgz& zirr fcaecr;t ;3; (;r:te
THE SEH S CO, in the atmosphere could cause | P

is able to absorb and
global warming. What they could store large amounts

not figure out was why it was not of heat, stabilising the

ted. earth’s climate.

Humans have a direct hand in the CO, they produce, as hot as thii??i:;:;ﬁleat? b /
driving up temperatures and melting the world.’s Where W:jt our oceans have been
ice sheets into the sea. What we have underestimated Ash it t;rrss ork’ absorbing most of this
. i in tempering the ard at w
1s the po;;velr }c;f 1the ma;s;ve ocean in pering excess heat caused by greenhouse gases. 5 -
effects of global warming. ) o
Even so, it cannot cope ' What’s Thats

’ P molecule of CO: is a molecule made up
anymore. Lvery . of one carbon atom and Ao
CO, that we do not put into two oxygen atoms. When : melodramatic, no?
the air now is important fossil fuels (hydrocarbons) >

to our future. are burnt, carbon combines

with oxygen to form CO..

Did You Know?

We have a Great Ocean
Conveyor Belt: warm
surface water travels up
north, and in return, cold
water sinks and travels
down south, moderating
temperatures all over the
globe. Global warming
and excessive ice melting
upset this system.
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A Recycling Revolution

Less than 10 per cent of plastics
get recycled every year. The
game changer is going to be

a “zero-waste” plan where
plastic never becomes waste.

e Some plastics are already
being processed into pellets
to be reused for making
new plastics.

e Plastics, which are made up
of hydrocarbons, can be
converted back into fuel.

e “Bioplastics” are made from
plants so that they are
biodegradable and will
break down naturally.

Oh, hello dear. So nice to
see you! Did you know that Grandpa
and Auntie Rosa are nearby too?  J
They're part of Leech Road. g

Did You Know?

Reused plastic has been
made into new shoes,
skateboards and other

products. There are
roads in Melbourne,
Australia, that are paved
with material recycled
from plastic bags, glass
and printer cartridges.

Did You Know?

Sweden has a waste-to-
energy (WTE) programme
that converts the energy
from burning trash, to
heat and electricity.

BU TTER;L'-;,E QXFECT

Global warming and climate change
have brought to the fore, the idea
that minute changes in temperature
caused by excessive CO,, will lead
to large unpredictable events like
superstorms, flooding and, not least
the loss of animals and plants.

What's That?

minute (mai—newt):
Very tiny.

Was it
something
I said?

It's as if we're
related to some
MONSTER MOTH!
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Hmm...even if
that volcano does erupt,
it won't kill the cockroach...
NOTHING DOES!

I have

to admit.
I've NEVER
heard of the
COCKROACH
EFFECT
before...

Step on me
and a volcano on the
other side of the world
will erupt!

Chaos Theory

The butterfly effect predicts that the flap of a
butterfly’s wings in one part of the world might cause
a tornado in another. It was a concept made popular
in weather science by Edward Lorenz in the 1960s.
Lorenz’s mathematical theory found that a small
change in conditions could produce ‘chaos’, and a
large number of different, unpredictable outcomes.

Did You Know? Did You Know?

A 2015 study in Science fiction writer Ray Bradbury's
England ran a reverse A Sound of Thunder (1952) is about
calculation and found a man who travels 65 million years

that CO, emissions back in time to shoot a dinosaur. He
and a 2°C increase in panics at the sight of a tyrannosaur,

global temperature and steps on and crushes a butterfly
could wipe out some under his boot. He returns to a

butterfly species. completely changed world.
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Sea Butterflies What's That?

The ocean’s chemistry has changed, Thiere et

becoming more acidic as it absorbs least 50,000

excess CO,. This dissolves the shells of known species of

an important species called pteropods, | Melluscs, including

also known as sea butterflies for the snails, octopuses,
. scallops and clams.

way they flutter and move with

wing-like extensions. These

molluscs are a very important

part of the food web, and

if they die off, could affect

the organisms above them,

including humans.

Did You Know?

About 250 million years ago,
excessive CO; from volcanic
eruptions caused a similar
acidification of the oceans,
Killing off more than
90 per cent of marine
species. This period coincided
with the Permian-Triassic
extinction (page 56).

We may have
lost our shells, but
poor old Pteropod

has dissolved totally!
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HWEE'S
HANDBOOK TOOLKIT

Climate change is one of very few areas that the adults
in your life probably have not done better. I certainly
haven’t. This is your world, and you will take the lead

for change. Here, I have mapped out some ideas
to send you on your way to greatness!

Science Is True
Whether You Believe It or Not

Astrophysicist Neil deGrasse Tyson said this,
and science is indeed our best weapon.
If we know the definite science that causes
global warming and climate change, we also
know the definite science to solve this.

Never Too Late

The issue of climate change may bring about
a sense of hopelessness — that we are too late.
The strategy now is to (1) cut greenhouse gases
by a significant amount in the near future
but (2) adapt to changes that have been
set in motion, such as rising sea levels.
However, a true solution needs a global response.

Good Is the Enemy of Great

Is it good enough if your government or local business
1s pledging to go net zero? If we are already in a
climate emergency, solutions have to make a difference
to the future of you, Earth’s young keeper. Write letters,
share your knowledge and persuade others to act.

These are good,
BUT still NOT
GOOD ENOUGH!

Be Your Own Butterfly

Build your own circle of impact.
If everybody does so, they can create
a butterfly effect on climate change.
Research ways you can reduce your
carbon footprint — make sure to
turn off the lights when not in use,
cut down on food waste and
take public transport.
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Not for long,
if we don't
deal with the
climatel!

> D)

So the need
for action
NOW!
b |
..l" :




" A detailed look into the history of
global warming and climate change
through curated stories and engaging
art. With every rise in temperature,
there is a domino effect, and only
knowledge can propel us forward.

What was the Little Ice Age?
How does the butterfly effect work?
Who is responsible for the carbon footprint?

When are greenhouse gases dangerous?

This book seeks to engage the future caretakers of Earth
with a fun but persuasive call to action, for they were
born in a time of climate change.

Former TV journalist Hwee Goh and historian/ artist

David Liew turn the lens on global warming with

their signature storytelling.

Are you ready to embark e At least
o ar from he's not hot

on this journey to save

your world?

Change Makers

'il;lhshcilllr(liange Makers series of books will build
- ren a strong sense of inquiry, to arm
em with knowledge in S.T.E.A.M (écienc
Technology, Engineering, Art and Math) -
to tackle this brave new world of unknowns
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