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To everyone who wants to learn
more about the natural world.
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As the planet LIARMS and COOLS |
It _ML @ 5 YN a % @ ?‘

According to NOAA, climate is the average
weather over time of a certain place. New
Jersey has a wetter climate than a desert,
for example, even if it isnt always raining!

is a type of |
climate change |
where the |

planet gets a

lot warmer. It
is the heating
of Earth over

time.
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There have been many changes in the Earths
climate for millions of years. The Earth has been
through ice ages and even hotter temperatures.

However, all the past changes happened over
hundreds of thousands of years. Now, the
temperatures are rising much faster than before.

(Reference: NASA)

According to NASA,
snce 1890, e | (ZF

GWQ‘W&ﬁQ 9\cbal |
fe vature has past 50 years. While 1
A or 2 degrees may not

| — (Reference: NASA)

Most of this warming
_ ;/7 happened within the

seem like a lot, that

yvisen ‘o3 6V o vnd —

1 9 F.

1 1 OC, oy 197y ZOM increase can cause

¢ many drastic changes
: to the Earths climate.

Changes in climate cause big
shifts in weather patterns
that can hurt people,
including extreme events like
hurricanes and droughts.
| Think about Hurricane Sandy

| and heat waves.

Changes in climate will also hurt
animals like polar bears who
depend on sea ice to hunt and
survive. As per NASA, Arctic sea
ice is melting at a rate of around
9% every 10 years.
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Climate Change:
Causes, Effects,
and Remedies



The Greenhouse Effect

So what is the

The greenhouse effect occurs when greenhouse gases, GHGs,
trap heat from the sun within the Earth's atmosphere.

@.\9’.
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S@\m How does the

greenhouse effect
occur?
®8

That’s a great question!

First, light energy enters the Earth in
the form of visible light.

Q>

—

Part of the energy gets absorbed by the
Earths surface, and the other part gets
reflected off the ground as infrared
radiation, also known as heat.

Greenhouse gases, however, do not let infrared
radiation escape the Earth as well as they let visible
light into the Earth. This is because infrared has a
longer wavelength and therefore less energy, making
infrared harder to penetrate the atmosphere.

Visk\e \iﬂ\x\: VT Inbiared:
o V> AR
RALT howemere mra\:“.

/
Who Cores? T/m hotter than
. }

\

Because of this, heat gets trapped,
which contributes to global warming,
the gradual and widespread heating of
the Earth.
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While the greenhouse effect is a NN“)RAL phenomenon,
as we need heat in the Earths atmosphere, humans are

causing an ENHANCED greenhouse effect in which
temperatures increase at a faster rate.

Drawedic inGease So why do humans accelerate
ﬂ this rise in global temperature?
ke a moustann

GREENHOUSE EFFECT

One big reasc;n is the RURNING of FOSS\L FUELS,

which consist of coal, oil, and natural gas.

When burned, fossil fuels release large Also, burning fossil fuels is a lot quicker
amounts of carbon dioxide & and water than the process of forming fossil fuels,
vapor, both GHGs, into the atmosphere. which takes millions of years.
The more GHGs, the more heat trapped in
the Earth.

=

Burning fossil fuels formi "9 fossi\ fuels

Another big reason is DEFORES“A‘“ON .

Trees sequester, i.e. take in and store, carbon by tucking it into their cells. Thus, if we cut down
trees, there is less carbon taken out of the atmosphere, meaning that more GHGs would be
present to trap heat.
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The hppinj Po'\r\‘\' -e.x(eedirla
1L5°C or 27°F of 3|.,‘bq\ warming
¢ Ma3 cause  irrevgsibe climote

To better understand the enhanced greenhouse ef
inpacts, a((ﬂfdif\j o NRDC
The water in the

o—
The water released into the
represents the greenhouse
| emitted into the atmosphere
. both natural and industrial
bathtub is the

greenhouse gases .
present in the

atmosphere. The more
GHGs, the hotter the
Earth becomes.

The water going down the drain is the sequestered
greenhouse gases such as those taken in by trees
or absorbed by the ocean.

Overall, th
excess am
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fect, we can use an analogy of a bathtub.

_ The water is ris;na!

bathtub

- gases HELP.

through

- ways. S'\‘ZQ 0“’ ‘FGUCQ.'\'

S

size of drain

«— Yeﬂ\l‘y

«— what wWe want- We have to do somethi
Yo not let dhe tub ouerflo..

,Yea\., I need
‘o leave-

The water level in the bathtub is constantly rising because of the
continuous release of greenhouse gases (the water coming from the faucet)
into the atmosphere (the bathtub), thus making the Earth heat up faster.

e Earth is heating up at a much faster pace due fo the
ount of greenhouse gases in the atmosphere in a way

that is harmful to the organisms on Earth.
17
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‘rGlobal Climate System

The global climate system is comprised of 5 parts:

Cryosphere
Reqi 7osP : Atmosphere
egions where water freezes into .
snow or ice, includes glaciers & Thin layer of gases that
permafrost (frozen water envelopes the Earth

Water bodies on the Earth (ocean,
laKes, rivers, groundwater)

underneath the Earths surface) :Z'Z'Z’ :‘;";9:" ‘i“s:\:rc:‘: -
- |0 10 aphiC
1% ohee ques(eg HO,0) )™ Y
Hydrosphere

[

i |

Lithosphere Biosphere
Or land, the outermost terrestrial layer of the Earth Living organisms: plants, animals, bacteria, etc.
(e.g., soil, rocks, roads, and buildings)

These components influence the weather conditions across the Earth,
which in turn impact the climate in these regions.

Weather v. Climate

Weather is short-term atmospheric changes that usually
occur over hours or days.

Climate is long-term
atmospheric
changes that occur
over a period of
more than 30 years.
Climate depends on
the average
weather conditions
over a long period
of time and takes
into account the
extremes and

Weather is observed over small regions and measures

variations of
conditions such as temperature, wind, precipitation, and

weather patterns.

DIFFERENCE IS IN TIME.



For example, while there could be colder than usual
days in the Amazon rainforest, the region still has a
warm, tropical climate.

How does each part of the
global climate system
influence the Earths

climate?

First, it is important to know that the sun is the
driving factor of the Earths climate system
because it supplies the Earth with energy.

T'm
y, O\\MW—
soure of
ALL

POVER!

Y, N

QEFLECT energy

The absorbed energy
is what keeps the
Earth from freezing.
According to UCAR
and NOAA, if all the
energy were
reflected, the
average temperature
of the Earth would
be around -19°C, or
-1°F, compared to a
20th century *
average of 13.9°C, or
57.0°F.

x X

According to WMO, the Earth absorbs

around 70% of the energy and reflects the
remaining 30% back into space.

Dark colors ABSORB enrgy

Now, lets see how the global
climate system influences the
global climate!




Normally, the trapped heat is beneficial
and prevents the Earth from freezing.

O —1L [

5 50 waim and Cozj.'
/

Atmosphere

The atmosphere
influences the Earth’s
temperature through
regulating the amount
of heat passing back
into space, as
greenhouse gases frap
heat.

<

Yet, human-based emissions such as those from
factories and cars are drastically increasing the
amount of greenhouse gases in the atmosphere, thus
causing an unprecedented rate of global warming.

Greenhouse gases -
tapping heat

T so hot!
Y

Lithosphere

The dark color of soil absorbs energy, while

topographic features'such as mountains affect HYdrOSPhere

wind direction and areas of rainfall.

The dark blue of the ocean absorbs
energy, and the ocean distributes its heat
through transporting warm water to
cooler regions and cold water to warmer
regions in the form of ocean currents.

1

The water vapor released
into the atmosphere @
condenses to form clouds | N\
and ultimately returns to
the Earths surface

’rhrough precipitation. /\\/

When water evaporates, the temperature near

the water surface cools.

TR IR IR
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Cryosphere

Ice and snow reflect the energy of
the sun back into the atmosphere.

Additionally, ice and snow melt and freeze during
summers and winters, respectively.

J

This melting and freezing fuels the circulation
of ocean waters and regulates the temperature
in various regions around the globe.

Biosphere

In addition, over millions of years
under high temperatures and
pressures, deceased plants and
animals formed fossil fuels.

Plants intake ‘~: ) through photosynthesis, thus
reducing the greenhouse gases in the atmosphere
and slowing the rate of global warming.

Well, at least until humans started
burning fossil fuels and releasing the
stored carbon atoms back into the

atmosphere as ().

The formation
of fossil fuels
locks away the
accumulated
carbon atoms
from the plants
and animals.

NS oz s
reavy NOT helping.
\5 \

=
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WHAT 1S PHOTOSYNTHESIS 2% j\

My’rh Truth:
Plants turn energy from Plants turn carbon dioxide ((0,) a and water (H,0) into oxygen
the sun into food. This is and glucose. The glucose molecules, a type of sugar, are the commonly
not the full story! known “food.” They have high amounts of chemical potential energy,

which is stored in a glucose’s chemical bonds. Glucose molecules have a
lot of chemical bonds.

s, b Q)+ 67L lo) (o] rLo’(;I:;tall—r\ny
S50 Q* le) ‘ chemical bonds!}
\I * a—— %0 o e [o]
092,90 °
X o g Q-
C n
‘ ‘Diiiv'.ie Water Oxygen Glucose O
N S~
zPlgntg take carbond °_° (:
. dioxide and water S~ S
D and K,Q molecules have low chemical

from the ...and turn

potential energy, so the plants need extra ) \ them into
k\_'nwronment lant food!
energy to convert these low-energy plant food:

molecules into high-energy glucose. This is

because energy can neither be created nor Afterwards, the plants harness the energy in the

destroyed. glucose molecules to perform a variety of functions
through a process known as cellular respiration—what
a wonderful way to lead into the next section!
"‘:";‘;‘; 8.: o
R 14
b‘# o . ;. 0.3,
g:.: o Q. ;. T¥it
e ] 4+ . ® o —~ ks e ‘ °Y
(o] caa M &
.o. o ® This mixture of oxygen
®
TEN ~ @ . . (o} and glucose molecules is
e © 7 When the sun shines \O o )
Q 2 on a plant, it gives the ‘O my plant food! Just like
plant solar energy. The you, | need food to
plant needs this energy

, ‘ (to Compiahe 3 survive and grow.
conversmn' R \——\_/

This is where 'rhe sun comes in! During

photosynthesis, solar energy from the sun

enters the plant and is transformed into the

chemical potential energy stored in glucose

molecules. This is PHOTOSYNTHES|S:

0+6HD = 60+(HO

What do you think ceLLULAR RESPIRATION is?



WHAT IS CELLULAR IZESPIIZATION;

' I~V N N N/
Now I’m curious. What is cellular respiration all about?
First, to be clear, photosynthesis occurs mainly in plants, (\ 2 o

while cellular respiration occurs in all living organisms, which
include both plants and animals. / ’b

(& N
b NA NAS
‘/ That’

s right! CeIIuIar

resplratlon happens
‘ L mhumanstooI
R l 4

-—--

4

— -—
During the process, energy is released. This is because

Cellular respiration is like reverse-
photosynthesis. It occurs when living glucose is a high-energy molecule, while {@ and water
organisms turn glucose and oxygen into are low-energy molecules.
a and water.
o 6*
o o
- Y .
.O. o°w .O.+
[ J L J
[ 29 \‘
Remember us? We're the products NN N
of photosynthesis, but we’re also thefm ATP, aka adenosine triphosphate. I'm
reactants of cellular respiration! an energy-carrying molecule. All living
Ner A y N things need energy, and | am found in al
living things! o A )

I — e L N ——— . & a— @ — — _—.
Most of this released energy is harnessed and used to carry out important bodily

functions such as growth and movement; however, since energy transformations are never

100% efficient, some of the energy would be lost to heat.

/'\/\/-\,\

~
[ 4
~
This is why people feel hot when
they exercise! Their bodies are E .
performing cellular respiration to
fuel the exercise, and heat comes as ©

the byproduct of cellular respiration) /

So, this is the equation for CELLULAR RESPIRATION! "~ ‘VV\‘V

(MO 60 =6(0+ GMO%TP

Look, it is almost the opposn‘e of PHOTOSYNTHESIS!
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Have you ever wondered why

PLANTS ARE GOOP FOR
THE ENVIRONMENT? Well, it’s

’ because of photosynthesis.
° 7_%—

Through photosynthesis, plants take in large amounts of a from the
(\ air and store the carbon molecules in the form of glucose. This process
decreases the amount ofa in the air.

—~ N/
(That’s T ) This is why forests are
carbon dioxide! .
>~ i known as carbon sinks!

L.
b o

O, g ak
TNV ONEN
ave you ever heard of th’} Its a curve showcasing mon’rhlya

(‘}\Keeum‘, CURVE? ./ concentrations in the atmosphere. The

e W / reason it fluctuates from low to high on a
yearly basis is due to how in the summer,
there is an abundance of sunlight, so the plants can perform photosynthesis at a rapid pace
and take in a from the air. Yet, in the winter, there is a scarcity of sunlight and the

plants dont have leaves, so the plants would not be able to perform as much photosynthesis

as in the summer, which results in a higher @), concentration in the atmosphere.
N\

When there are lots of
( sunlight, plants have )
enough solar energy to
conduct photosynthesis.
Plants need solar energy
to convert a and water

KEELING CURVE
Monthly Average Carbon Dioxide Concentration

W\.</°°°7

/1

Sadly, the curve shows how there has been a steady and
rapid rise in afmosphericaover the past 60 years. If
this continues, the Earth would keep on getting warmer

Reference: National Geographic at a faster pace, which can lead to increased extreme

1960 2020 .
Year weather events and natural disasters.

CO:zConcentration

[\
=~




[The Carbon Cycle

Understanding the carbon cycle is
crucial to understanding climate change.

(

00 avbon N\ Als
5‘- e Connecled.
l.mﬁ*e ¢
hang®

Carbon cycles through land and water
ecosystems in numerous ways. Here, we'll
explore its cycle through the ocean.

atoms in the Earth never
changes, as matter Is

The amount of carbon

neither created
nor destroyed.

The ocean absorbs {& from the
atmosphere. Then, marine organisms
harness the carbon atoms for important

bodily functions.

o

After marine organisms die, they are either
decomposed by bacteria, in which the bacteria then
obtains the carbon atoms, or are buried by sediments.

Carbon atoms are the foundation
of all living organisms, forming
proteins and DNA.

Over hundreds of millions of years under high temperatures and pressures, the buried
organisms compress, undergo chemical reactions, and turn into fossil fuels. Fossil fuels
are made primarily of hydrocarbon compounds.

This is known as  FOSSI12/TION.




Through industrial processes, humans can excavate these fossil fuels, burn
them, and extract their chemical potential energy for heat and electricity.

A\

=
A e e e B e

Yet, the formation of fossil fuels takes According to NOAA, humans have been
much longer than burning them; therefore, burning so much fossil fuel that the
more {07y is released info the atmosphere current {&) level in the atmosphere marks
than tucked into the Earth as fossil fuels. the highest in 3.6 million years!

B

The massive amounts of ¢} cause harmful effects such
as climate change, ocean acidification, and the disruption
of both terrestrial and marine ecosystems.

D>
B
26 ==\
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Harmful Impacts of
Climate Change

Climate change has caused extreme heat events and intense natural disasters over the past decades.

Drouats Wildfires

4 ’\'71
OM

0w

In dry areas, heat waves cause droughts, Additionally, higher temperatures increase

death, disease, and crop failure, while ground-level smog. Smog is created when

severe wildfires cause dust storms. pollution from cars and factories interacts
Tma Vv with sunlight and heat.

Lailwe.

Yes, I'm
well awore-
J

ACCOI"dIng to NRDC, the WOI"Senlng air qual”’y H|gher femperafures also increase
increases hospital admissions and death rates of airborne pollen, intensifying the

people with asthma. It also aggravates the health concerns for people with
conditions of people with cardiac (heart-related) hay fever or other allergies.

and pulmonary (lung-related) diseases. F Q{/
7 N\ Je ’L\@“




In wet regions, heavy rain causes bodies of water
to overflow. The floods damage properties,
endanger the lives of citizens, and create toxic
spills from industrial wastewater treatment plants.

Humid regions also create an ideal
environment for nurturing disease-
carrying insects such as mosquitoes.

Furthermore,
global warming
causes rising
sea levels
because the
melting ice
sheets funnel
great volumes
of water into

the ocean.

ew Orleans

Netherlands United States
Moreover, climate

change comes with a
high cost. Based on data
from NOAA, severe
weather and climate
events in 2021 totaled

$145 billion i

United Kinado m

The rising
seas threaten
coastal
communities,
entire island
nations, and
many of the
worlds
biggest cities.

Unived Arolo Emirates

damage in the U.S.




According to WWF, the Coral Triangle,

Coral Trlangle . .
& TERALY a frang lo] located in the Western Pacific Ocean, hosts

The Coral Triangle is one of buf 6&06€A9HI(M7’ 75% of the worlds coral species, which
totals nearly 600 different species.

the ecosystems heavily
impacted by global warming.

Sadly, global warming causes warming
seas as well as ocean acidification that

destroy the coral reef ecosystems.

Without the algae, the coral loses its major
food provider and turns white. Although
corals can survive coral bleaching, they

become more vulnerable to disease.

The warm water causes a phenomenon
known as coral bleaching. When corals face
warm waters, they expel an algae known as

zooxanthellae that lives in their tissues.

A note on ocean acidification:

Shellfish and corals are not able to
endure acidic waters, since they need
the ocean to be at a certain pH to form
hard skeletons.

Due to the increased
amounts of {&p in the
atmosphere, the ocean
intakes more ¢,
which reduces its pH
level, making the water
more acidic and toxic
fo marine animals.

30




Amazon rainforest

Another heavily impacted
ecosystem is the Amazon
rainforest.

By the year 2050, WWF states that the
temperature of the Amazon rainforest

could increase by 2°C to 3°C.
Additionally, decrease in rainfall and
shifting weather patterns would lead to
widespread droughts.

In fact, according to WWF, 30% to 60% of
the Amazon rainforest could turn into dry,
mostly treeless savanna.

These climate-induced changes in the
Amazon rainforest could lead to
increased soil erosion, poor soil quality,
degradation of freshwater ecosystems,

and the spread of diseases.

With all these changes, the Earth might
not be habitable in the future.

Then, all the industrial tradeoffs and
/ technological advancements would be

futile if humans could not even have a
habitat.




50 How can humans slow the increase
. of global temperatures?

One way is through reforestation!

\et's go !

Forests are known as ‘carbon sinks’ because
trees take in a as part of photosynthesis,
store the carbon molecules, and turn them into
oxygen through cellular respiration.

Yet, because of human activities such as creating

more farms and expanding cities, people have been
destroying forests to obtain land and resources.

According to National Geographic, about half of the
forests in the eastern part of North America
have been lost to deforestation between the 1600s
and the 1870s with millions of habitats destroyed.

Due to this mass destruction of forests, the carbon
originally stored in trees is released back into the
atmosphere in the form of a , Which contributes to
global warming.




Deforestation and reforestation

continued...

NPAL
L There’s @
s.\o‘t\bw

> &

To combat the destructive effects of
deforestation, an effort to renew
forests has emerged.

—

L REALY N

v

The planting of new trees allows for a renewed
storage of carbon molecules via photosynthesis, thus
reducing the amount of a in the atmosphere.

Yes there is! The process of reforestation
allows new trees to be planted in areas of
damage.

Reforestation increases carbon
sinks and restores the habitats of

all organisms.
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‘09 Carbon Footprint °°8’

Carbon footprint is
the total amount of
greenhouse gas
emissions generated
by an activity,
institution, service,
product, person, etc.

() . It includes emissions of a, methane, nitrous oxide, and gy
other gases that trap heat inside the atmosphere. "
[ ]
L
© ° ®
[
[ J o . @ . °

> Based on data from The

Ié tons Nature Conservancy,

U S the current average
S L J

carbon footprint for a

U.S. citizen is 16

V.
Globe tons every year, while

> 4— tons  the global average is

around 4 tons.

The largest contributor of
carbon footprint is the burning
of fossil fuels, which provides

energy for transportation,

electricity, industry,
agriculture, and forestry.




Other commercial and residential usages of the energy harnessed
through fossil fuel burning include refrigeration, ventilation,

lighting, electrical appliances, and air conditioning.

IEU {

'_,-———————-—_—
\
l

Here are some ways to reduce ones carbon
footprint on an individual and societal level:

Porsonal habits

(=]
o
P=
o

o

— — — a—

Stop buying single-use plastic water
bottles, and start using a sturdy,
reusable water bottle. Transition to a plant-

based diet.

Avoid fast fashion and buy clothes Take shorfer showers.

that you can wear many times.
D ﬂ Ej 7 35
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Reduce energy use (e.g. turn

off lights when not using them Transition to renewable

adjust thermostat before energy sources (e.g. solar
traveling).

panels, wind power, and

energy-saving appliances).

Soua\ habits '

Biking or carpooling with friends. = =T e cmm—— com—

Write and sign letters to Congress
to advocate for climate action.

LET'S TAKE |[—
ACTION NOW. ©

We are the first generation to feel the effect of climate change and the
last generation who can do something about it
Former President Barack Obama - 2014 UN Climate Summit



37












