








Earth's spheres and the flow of energy and matter between them are so closely connected that a change in one sphere often
results in a change in one or more of the other spheres. Such changes that take place within an ecosystem are referred to as
events.

Events can occur naturally, such as an earthquake or a hurricane, or they can be caused by humans, such as an oil spill or air
pollution. An event can cause changes to occur in one or more of the spheres, and/or an event can be the effect of changes in
one or more of Earth's four spheres. This two-way cause and effect relationship between an event and a sphere is called an
interaction. Interactions also occur among the spheres; for example, a change in the atmosphere can cause a change in the
hydrosphere, and vice versa.

There are ten possible types of interactions that could occur within the earth system. Four of these
interactions are between the event and each of the earth's spheres. The double-headed arrows in the graphic on
the right indicate that the cause and effect relationships of these interactions go in both directions; for example,
"event<==> hydrosphere" refers to the effects of the event on the hydrosphere, as well as the effects of the
hydrosphere on the event.

The ten types of interactions that can occur within the earth system often occur as a series of chain reactions.
This means one interaction leads to another interaction, which leads to yet another interaction--it is a ripple effect
through the earth's spheres. For example, a forest fire may destroy all the plants in an area (event <===> biosphere).
The absence of plants could lead to an increase in erosion of soil (biosphere <===> geosphere). Increased
amounts of soil entering streams can lead to increased turbidity, or muddiness, of the water
(geosphere <= hydrosphere). Increased turbidity of stream water can have negative impacts on the plants and
animals that live in it (hydrosphere <===>biosphere).

Cause and Effect
Match the cause with the effect by writing the letter in the blank box in the answer column.

# | Answer Cause Letter Effect

1 Mom threw plastic Coke bottles in the A Students turned the faucet off while they soaped
trash. their hands.

2 The children learned about the B Students threw used notebook paper into the
environment around their school. recycling bin each day.

3. The students planted seeds in cups. C Paul made a set of bowling pins with the Coke

bottles.

4 Students were trying to recycle notebook D The students cleaned the litter and trash from the
paper in their classroom. school yard.

5 The class decided to reduce their water E Students planted a small garden outside the
usage. classroom when their seeds sprouted.
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Each sphere is constantly changing in 3 process called cycling. A
cycle is something that never stops. It has no beginning and has no  Scientists try to figure out how

end. our planet works by studying
Earth is a system of matter (stuff) and energy (ability to do work). Earth is a closed system Earth’s cycles. Changes to
because matter does not enter or exit the system, but energy does. Earth’s cycles can cause
The four spheres we discussed earlier are open systems. Matter and energy are constantly changes in the spheres of our
exchanged between the spheres. Matter and energy move between spheres in cycles. Through planet.

cycles, Earth recycles matter and energy.
Some examples of Earth's cycles are shown below. We'll learn about each of these Earth cycles
in the following pages.

Energy
Cycle
UCAR Center for Science
Education:
https://eo.ucar.edu/kids/green/
cycles1.htm

My NASA Data, Earth System:
https://mynasadata.larc.nasa.
gov/basic-page/earth-system-
matter-and-energy-cycles
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Earth gets all its energy from the Sun and loses energy into space. If more energy is
lost into space than is received from the Sun, the planet gets cooler. If it Loses less
energy than it receives, the planet will warm up.

Geography for Kids.com:
Clouds play an vital role in the energy cycle. www.geography4kids.com
+ Some types of clouds act like giant sun umbrellas, shading the Earth and reflecting the sunlight [files/cycles_energy.html
that hits them. Climate.gov:
+ Other types of clouds act like a jacket, holding the heat in and preventing it from leaving the eo.ucar.edu/
atmosphere. educators/Climate
- Discovery/ESS_lesson4_

| Earth’s surfaces can also reflect solar energy.
Albedo is the term scientists use for the
Solar Ener‘gy ' amount of light different substances reflect.
| Materials: Sunny day, outdoor space, 6 thermometers, timer, pencil, paper
1. Make sure it is 3 day with plenty of sunshine.

10.19.05.pdf

] 2. Place each thermometer in one of the following locations in direct sunlight: on or
Eluuds REﬂEBt and near the edge of blacktop pavement, a grassy area, and on or near 3 patch of dirt.
3. Place the other three thermometers in one of the following locations in the shade:
Scatter Snlar Energy on or near the edge of blacktop pavement, 3 grassy area, and on or near 3 patch of
dirt.

4, Write down the starting temperature of each thermometer. Check the
[:||]uds Reﬂect SI]|ar' thermometers every 2 minutes and record the temperatures. After 10 minutes,
E (| | ti ) record the final temperature of each thermometer.
nergy \insuiation 5. For each location, subtract the starting temperature from the final temperature to
see which surface had the biggest temperature change.
6. Rank the surfaces in order from biggest temperature change to smallest
temperature change.
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The atmosphere is 3 thin blanket of gases that surrounds Earth and transports heat.
Whether it is just a gentle breeze or a hurricane-force gale, Earth’s atmosphere is
constantly on the move. When the atmosphere moves, it evens out differences in
temperature between the chilly poles and the warm equator. Warm air from the equator
moves toward the poles and cold air from the poles moves toward the equator.

Greenhouse Effect

The greenhouse effect is a process that occurs when gases in Earth's
atmosphere trap the Sun's heat, similar to the glass roof of a greenhouse.
Some of the main greenhouse gases in our atmosphere are water vapor,
carbon dixoide and ozone.

During the day, the Sun shines through the atmosphere. Earth's
surface warms up in the sunlight. At night, Earth's surface cools, .
releasing heat back into the air. But some of the heat is trapped by the greenhouse
gases in the atmosphere and keeps the atmosphere the ideal temperature for living things on
Earth.

]

NASA Climate Kids:
climatekids.nasa.gov
/g9reenhovuse-cards/

EPA: www.epa.gov/
ghgemissions/overview-
greenhouse-gases
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Water is always on the move! The Sun’s energy causes
water to evaporate from oceans and lakes into the
atmosphere. Plants and animals also release water vapor
into the atmosphere as they breathe. When the atmosphere
cools, water vapor condenses; making clouds that might
produce rain or snow. Water has been recycled in its
different forms as ice, liquid, or vapor --for more than 3.5
billion years.
Water Cycle in 3 Bag
Materials: plastic zip-lock bag, permanent markers, water, blue food
coloring, clear tape
1. Decorate your bag using permanent markers. Draw the sky in the
upper half of the bag. Include clouds and the sun, as they are
important parts of the water cycle.
2. Fill a cup with water. Add a couple of drops of blue food coloring to make the water easier to see.
3. Carefully pour the water into the plastic bag and zip it closed. Make sure it’s tight! You don’t want any water to escape.
4. Hang up the bag on a window that gets lots of sunshine. Cut two long strips of tape and stick them to the corners of your bag.
Press the tape tightly to the window, making sure it’s well attached. You don’t want your bag to fall down.
5. Wait a couple of hours and check on your experiment.
Eventually you will begin to see droplets of water sticking to the side of the bag. Some drops will be high (in the clouds) and some
will Fall back down to the bottom of the bag like rain.

!
Why is this happening? It's because the water in the
bag is being heated up against the sunny window. That

water turns into a gas through the process called USGS Water Cycle fo'
evaporation. In nature, evaporated water vapor goes into Kids:water.usgs.gov/
the atmosphere, but in our bag, it has nowhere to go, so it edu/wqter
ends up sticking to the sides of the bag, turning back into cycle-kids-adv.html
a liquid as condensation. That condensed water then NASA Precipitation
slides back into the pool of water below as "rain". Education:

Keep checking back on your experiment a few times a pMmM.nasa.gov/

education/water-cycle

' day, or anytime it's sunny to see the water cycle progress!
|
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A rock is made up of a bunch of different minerals. Scientists
classify rocks by how they were made or formed. There are three major
types of rocks: metamorphic, igneous and sedimentary.

Each of these rocks can change into the other kinds by physical
processes: cooling, melting, heat, weathering/erosion, compacting
(squeezing tightly together), cementing, and pressure.

Metamorphic Rocks
Metamorphic rocks are igneous or sedimentary rock that has been heated and squeezed.
Metamorphic rocks can be eroded and weathered into smaller pieces and may become
sedimentary rocks. |f metamorphic rocks are melted, they become magma and when cooled
become igneous rocks.
Igneous Rocks
Igneous rock is cooled and hardened magma. They can be formed either above the ground or below the ground.

If eroded, igneous rocks are broken into sediments and may become sedimentary rocks. If they are squeezed
and heated deep within the earth, they may become metamorphic rocks.

Sedimentary Rocks
Sedimentary rock is sediments that have compacted and glued together by minerals that are carried between the
sediment pieces by water. When the water evaporates, the mineral gets left behind and glues the sediments
together into sedimentary rock. Sedimentary rocks can be eroded and become sediments or they can be
pressurized into metamorphic rock.
These changes to rocks in the rock cycle can occur in different orders. The cycle goes on forever.

SANDSTONE (SEDIMENTARY)

Starburst® Rock Cycle BASALT (IGNEOUs)  GNEISS (METAMORPHIC)
Materials: Starburst® candy, zip-lock bag, small cup, plastic knife, plate, microwave (blow dryer will work)
1. Cut one of each color Starburst into fourths. These will be sediments.
2. Compact the pile of Starburst sediments together. (Don’t squeeze them yet!) These show the process of
making a sedimentary rock.

3. Apply heat and pressure to the “Sedimentary Starburst Rock.” Put the rock in the bag and use your Ducksters Education Site:
hands to squish them around. This shows the process of making a metamorphic rock. https:/ / www.ducksters.

4. Place the “Metamorphic Starburst Rock” on plate and heat in the microwave for 30 seconds com/science/rocks.php
to turn the metamorphic rock into magma. (The candy will be hot. Be carefull) M‘nefal°9V4Kld§:

5. Cool the Starburst magma. This is the process of making an igneous rock. http://www.mineralogy

6. Break the Starburst Igneous Rock into pieces. You have eroded the igneous rock into 4kids.org/2q=rock-

sediments and you can begin the Rock Cycle again. cycle
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The ocean water is in constantly in motion. It's like 3 global

conveyer belt that moves water and heat around the Earth.

A large movement of water in one direction is a current. The largest currents shape
the Earth’s global climate patterns by moving heat around the world.

Currents start to move because of differences in temperature and saltiness in the
oceans. The oceans are mostly composed of warm, salty water near the surface over
cold, less salty water in the ocean depths. These two regions don't mix except in
certain special areas, which creates a large slow current called the thermohaline
circulation. Scientists refer to this system as the Global Conveyer Belt.

Water that is warmed at the sea surface near the equator moves toward the chilly
poles. Cold, salty currents sink into the deepest parts of the sea. This deep water
moves horizontally until it can find an area on the world where it can rise back to the
surface and close the current loop. This usually occurs in the oceans near the Equator.

The Global Conveyer Belt moves a lot of water--more than 100 times the flow of the
Amazon River. p .

The conveyor belt is a vital part of the global ocean nutrient and carbon dioxide m‘m:z:‘zh;::: :r::::"::tl::’;:::eg‘l:;:lfc:::::g_ 2?:‘::2?,?;53:;:‘::2“
cycles. Warm surface waters are depleted of nutrients and carbon dioxide, but they are the path of warmer, Less dense surface waters. It is estimated that it can take
enriched again as they travel through the conveyor belt as deep or bottom layers. The 1,000 years for a "parcel" of water to complete the journey along the global
base of the world’s food chain depends on the cool, nutrient-rich waters that support conveyor belt. Graphic: National Ocean Service, NOAA
the growth of algae and seaweed.

National Geographic:
https://www.national
geographic.org/media/
global-conveyor-belt/

NOAA:https://ocean
service.n023a.gov/
education/tutorial
currents/05conveyor2.html
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All living things are made of carbon. Carbon is also a
part of the ocean, air, and even rocks. Because the Earth
is a dynamic place, carbon does not stay still. It is on the
move!
The carbon cycle traces carbon's path from the atmosphere,
into living organisms, then turning into dead organic matter,
going into the oceans, and back into the atmosphere.
Carbon exists naturally in the Earth's atmosphere primarily as
the gas carbon dioxide (CO,). Plants use carbon dioxide in photo-
synthesis. Carbon becomes part of the plant. Plants that die and
are buried may turn into fossil fuels made of carbon like coal and
oil over millions of years. All that carbon stored in all those
plants and animals over all those years gets pumped back into
the atmosphere when fossil fuels are burned in a much shorter
time.
Scientists describe the cycle in terms of sources (parts of the
cycle that add carbon to the atmosphere) and sinks (parts of the
cycle that remove carbon from the atmosphere).
The key to keeping everything in balance is for the sources (red
arrows) and sinks (green arrows) to have the same amount of .
carbon dioxide.
Carbon Dioxide
Carbon dioxide is a colorless, odorless gas. It's what makes soft drinks
fizzy and makes up the air you breathe out. Let’s find out more about the
carbon dioxide you exhale.
Materials: shredded red cabbage, 2 cups water, stove top, 2 small plastic cups, straw
1. Make red cabbage juice by boiling the shredded cabbage and water for 10 minutes. The juice should
be purple. You have just made a pH indicator. The cabbage juice turns blue if exposed to a basic
substance, but it turns pink when exposed to an acid.
2. Put 1 teaspoon of cabbage juice into a small plastic cup labeled “Control” and another teaspoon into
a cup labeled “Test.”
3. Putthe straw into the Test cup. Blow through the straw for a few minutes. Did the cabbage juice
change color? From the color change, can you decide if carbon dioxide is an acid or a base?
4. Test this theory further by adding carbonated water to another cup of cabbage juice.

www.ifearthday.com

NASA Earth Observatory:
https://earthobservatory.
nasa.gov/features/
CarbonCycle

Teach Engineering:

https://www.teachengin

eering.org/lessons/view/
cub_carbon_Llesson01
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Nitrogen is an element that is found in both the living portion of our planet and the inorganic parts of the Earth system. Living things
cannot exist without nitrogen. Nitrogen atoms slowly cycle between living things, dead things, the air, soil and water. These
movements are called the nitrogen cycle. .

Fixation: Most of the nitrogen on Earth is in the atmosphere. Even though there is an
abundance of nitrogen available, the most common form of nitrogen (N,) cannot be used
by plants. Fixation is the first step in the process of making nitrogen usable by plants.
Here bacteria change nitrogen into ammonium. Lightning can also add nitrogen to the tightning
soil.

Nitrification: This is the process by which ammonium gets changed into nitrates by
bacteria. Nitrates are what the plants can then absorb.

Assimilation: This is how plants get nitrogen. They absorb nitrates from the soil into
their roots. Then the nitrogen gets used in amino acids, nucleic acids, and chlorophyll.

Ammonification: This is part of the decaying process. When a plant or animal dies,
decomposers like fungi and bacteria turn the nitrogen back into ammonium so it can
reenter the nitrogen cycle.

Denitrification: Extra nitrogen in the soil gets put back out into the air. There are special
bacteria that perform this task as well.

Atmospheric Nigrogen (N,) | . ¢

. Plant seeds In each pot according fo seed pac et instructions. . .
6. Place plants near a sunny window or under a grow light. Frontiers for Young Minds,
7. Check your plants regularly and water when needed. Soil should be kept moist. What Is the Nitrogen
+ Water the "no nitrogen added" pots with regular water. E*Cel,e and Why s It Key to
https://kids.frontiersin.
org/article/10.3389/
frym.2019.00041

+ Water the "nitrogen fertilizer" pots with water mixed with nitrogen fertilizer. Follow the fertilizer
manufacturer's recommendations for preparing this solution.
+ All plants should receive the same amount of liquid at each watering.
8. Every 3 days, record observations on the growth of the plants (e.g., height, number of leaves, color of leaves).
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Humans can have major impacts on all the spheres.

Negative impacts, such as burning fossil fuels, pollute the atmosphere. Piling up our
waste in landFfills affects the geosphere. Pumping waste into the oceans harms the
hydrosphere. And overfishing and habitat destruction can reduce the diversity of living
things in the biosphere.

However, people everwhere are working to change things. Recycling efforts are
increasing all over the world, and companies are finding new ways to reduce fossil fuels.
In the US alone, people are recycling six times more than a generation ago.

REDUCE REUSE  RECYCLE

Reduce, Reuse, Recycle Sort

Place the different types of waste into categories: Reduce, Reuse or Recycle. You can put the same item in
more than one cateogory).

51 billi
ARRAA L

only 1
are recycled

70% 8
of garbage can contents
can be recycled

The average family throws away
6 TREES worth of paper per year

tsssss

Your Plan, Your Planet:

www.yourplanyourplan-
et.sustainability.-
Paper Bag google/
0ld Clothes ~ CO'" Bag|
Water Bottle Glass J - Plastic Bag
ass Jar Batteries =

www.ifearthday.com
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Weather or Climate?

. 5
Climate is what you expect. Weather is what you get. What s Climate Changet

Climate change describes a
change in the average condi-

Weather describes the Climate is more than just one or two tions — such as temperature
conditions outside right nowina rainy days. Climate describes the and rainfall — in a region
specific place. For example, if you weather conditions that are expected over a long period of time.
see that it’s raining outside right ina region at a particular time of year. NASA scientists have

now, that,s 9 Way to dQSCfibe A fegi.Oﬂ,s climate is detefmiﬂed by observed Earth’s surface 15
. today’s weather. Rain, snow, observing its weather over a period of warming, and many of the
i wind, hurricanes, tornadoes — many years—generally 30 years or warmest years on record have
these are all weather events. happened in the past 20
years. (NASA.gov)

JEE T D T WA T i e i B N A
Earth’s climate has constantly been changing, even long before humans came into the picture. Scientists are
not completely sure about what causes climate change. There are lots of factors that contribute to Earth’s climate.
However, scientists agree that Earth has been getting warmer in the past 50 to 100 years.
Most of the energy we use to make things, keep the lights on and our homes warm, turn on the air conditioning
and power transportation, comes from burning fuels like oil, gas and coal. These are called fossil fuels and when
they are burned, they release carbon.

29%  28%

What is your carbon foot-
print? www3.epa.gov/
carbon-footprint-

Generating Electricity Factories Stores and Houses Agriculture

When carbon and other greenhouse gases trap heat that would otherwise escape Earth’s atmosphere, the calculator/
planet’s temperature rises. This matters because the biosphere, geosphere, hydrosphere, atmosphere and energy Climate Kids: https://cli-

matekids.nasa.gov/

from the Sun all have an effect on one another. The combined effects of all these things give us our global climate.
In other words, Earth’s climate functions like one big, connected system.

14 www.ifearthday.com



The following is a list of steps YOU can take to reduce greenhouse gas emissions.

.

*

- 1

Reduce, Reuse, Recycle: By recycling half of your household waste, you can save 2,400 pounds of carbon dioxide

each year.

Use Less Heat and Air Conditioning: Set your furnace 2 degrees lower in winter and higher in summer could save

about 2,000 pounds of carbon dioxide each year.

Replace Your Light Bulbs: If every family replaced one regular light bulb with a CFL, it would eliminate 90 billion

pounds of greenhouse gases, the same as taking 7.5 million cars off the road.

Drive Less: Walking, carpooling and biking are great ways of reducing greenhouse emissions. Every gallon of gas you save keeps
20 pounds of carbon dioxide out of the atmosphere.

Use the "Off" Switch: Save electricity by turning off lights when you leave a room. And remember to turn off your television and
computer when you're not using them. While brushing your teeth, shampooing the dog or washing your car, turn off the water until
you actually need it for rinsing.

Plant a Tree: Trees absorb carbon dioxide and give off oxygen. A single tree will absorb approximately one ton of carbon dioxide
during its lifetime.

Encourage Others to Conserve: Share information about recycling and energy conservation with your friends and famiy.

My pledge to the ecarth...
| WILL
| WON"T
Signed:
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We know that Earth is constantly changing. Some of the changes happen quickly and some of the changes take years to occur.
Changes are natural as Earth's spheres recycle their resources. But some changes occur because of decisions we make. You are
the future caretakers of our planet and will have to work together to answer some big questions about how to keep our Earth healthy.

Why should | care about the Earth's health?
How does global environmental change affect me?
Do | have to make different choices in my every day routines?
Is there anything | can do to help endangered animals and plants?

How can technology be good for the environment?
How could we start saving paper at school?

What are some ways we could save energy?

You could also:
1. Draw a poster promoting Earth Day. Include a slogan to encourage people to take better care of the Earth.
2. Write down 10 words related to nature, then compose a poem including these words.

If you have an answer to the above questions, art or poetry you'd like to share with our community, please submit them to
alana.jensen@vnsfs.com or mail them to Veolia, 120 Technology Drive, Idaho Falls, ID 83401. Answers will be published on the
www.ifearthday.com website. Selected submissions will appear in the Post Register's Ask a Scientist column (Tuesday edition).
Thank you for working together to make a better future for everyone!
. Answes

Sphere Interactions (Page 2) Spheres Concept Map (Page 3) Cause and Effect (Page 4)
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| Biosphere K L into their raots — H Hydrosphere | Biosphere - Water Bottle: Reuse, Recycle
Biosphere LT Humans breattie in ":>‘l Atmosphere | 5-A Glass Jar: Reuse, RECYC|9
:\|—| oxygen. ! .
| Animals Mountains iy Snow Old Clothes: Reuse

Hydrosphere }< I_II_I Hﬁﬁi’ﬁ”mdeme” ‘_'} Geosphere | Cloth Bag: Reduce

Batteries: Recycle

[Aimosphere |<. [ Clouds produce rain. —— S Hydrosphere | | Plants || Rocks Oceans Tire: Reuse, Recycle
] /| f r\ 1 ; Book: Reuse, Recycle
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[ fiesphere J LWaAveS 1 Hydrosphere | Bacteria Soil Rivers Paper Bag, Reuse’ Recyde

Plastic Bag: Reuse, Recycle
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