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Slide 19

480km is about the distance from

but most of it is actually within 16km of sea level

Douglas to John O Groats at the very top of (PUT IN A LOCAL REFERENCE HERE _ THE ONE ON

Scotland.

Slide 21

y

THE SLIDE IS HALF THE DISTANCE BETWEEN CD
AND DUMFRIES), and it gets thinner as you go higher.

Slide 22

This is why it is hard to breathe at the top of So our atmosphere is very thin. This is a satellite
Mount Everest (8 % km high) as it almost pokes  view of the UK at night taken by the astronaut Tim
out of the top of the breathable part of the Peake from the International Space Station. See the
atmosphere. multi-coloured line at the top?

Slide 23

That’s the atmosphere (the green lights are the
aurora borealis - the Northern Lights)!

So what is our atmosphere made of? It’s all around us but we
can’t see it. And without it there would be no life on Earth.

Well it’s made up of a variety of gases. Any ideas? The largest
percentage is Nitrogen, followed by Oxygen — what’s important
about Oxygen? The tiny orange segment is Argon, and then the
even smaller red segment — what could be in there? Basically
everything else! And that includes the Greenhouse Gases

— Carbon dioxide, Methane, Nitrous oxide and water vapour.

PLEASE SEE THE NEXT PAGE FOR A DETAILED DESCRIPTION
OF THIS SLIDE

So what is a Greenhouse gas, and why are they important,
given that they make up such a tiny percentage of our
atmosphere. Well, they have a disproportionately large effect
on the ability of the atmosphere to absorb heat from the sun,
if you remember back to this slide. The sun’s rays are
bounced around by these gases, which warms the atmosphere.

Slideshow 4 Explanatory Notes Page 4
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Teacher Notes - The Composition of Earth’s Atmosphere

Slide 23 shows the compostition of our atmosphere. It starts with a view of the Earth
and the atmosphere. CLICK to move on to a pie chart where the different colours
represent the different gases which make up the atmosphere. Before every click, ask the
class if they can guess which gas it is. The blue area of the chart is Nitrogen (N2).
78% of our atmosphere is Nitrogen, which is an inert gas
(that means it is non-reactive). Bacteria and some plants
can remove Nitrogen from the atmosphere and fix it in the
soil, making it more fertile. CLICK to reveal the Nitrogen
molecule and make it move to the blue area of the chart.

G @) Next is the green part of the chart.
It makes up 21% of the atmosphere.
Oxygen is the gas we need to breathe of
course, and we also need oxygen to create fire! CLICK to move
Oxygen to its segment.

Next is Argon. It is unlikely that many of your class will have heard of
this noble gas. Like Nitrogen, it is non-reactive - in fact its name comes
from the Greek word for ‘lazy’. Humans use Argon as an insulator, for
example in diving suits, and also as a preservative for important historic
documents, and in neon lights - a blue neon light has argon in it, not
neon. CLICK to move Argon to its spot, and then ask the class what they
think is contained in the tiny red segment.

Actually it is everything else! Including the Greenhouse Gases - the ones we are

concerned about affecting the climate of the Earth. Can any of the children name a

Greenhouse Gas? CLICK to reveal them. Carbon dioxide (CO2) is the gas which is

talked about in the news. It does occur naturally in the atmosphere - does the class
know why natural Carbon dioxide is crucial to us? Plants use
Carbon dioxide to photosynthesise (how plants create their
energy from sunlight). A by-product of photosynthesis is Oxygen
-essential to animal life on Earth. Burning trees releases

stored COz2 into the atmosphere, as does burning fossil fuels

such as coal, oil and gas (which are all made from the remains of fossilised plants). It

is this huge release of Carbon dioxide which is thought to be the main cause of climate

change. Incidentally, 96% of the atmosphere of Venus is COa.

The other main greenhouse gases are: Nitrous Oxide (N20) - also known
as laughing gas, as if you inhale it, it makes you happy. It was
historically used in dentistry to reduce pain. It is a greenhouse gas
which is produced by agriculture in the form of artificial fertilizers and
in manure from farm animals.

Methane (CHa4) is the main component of natural gas
used in heating and cooking. Farm animals produce
large quantities of Methane. It is also present in the thin atmosphere
of Mars, but at too small concentrations to have a heating effect.

Water vapour is the most abundant greenhouse gas, and crucially
important for all life on Earth. As the Earth heats up, more water
vapour will be stored in the atmosphere, resulting in more heating.
This is called positive feedback.
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Slide 25 Slide 26

be: % ol

Here’s a close up of what’s happening. (CLICK) Too little and the planet is too cold... Too many and
The arrows show the heat from the sun being WHAT?? Yes, we think that the planet could become
bounced around inside the atmosphere. Remember hotter if the concentration of Greenhouse gases

that without these gases our planet would be too increases, as there will be more molecules for the
cold to support life as we know it. BUT! The reflected heat to bounce off. This is already being
Greenhouse Gases in our atmosphere are finely demonstrated today.

balanced.

Slide 27

This animation shows the difference in average temperature over

the years 1882 until 2017. A hot colour means the temperature

is above average, while the blues show below average. As you can
see, average global temperatures have risen steadily over the last

100 years. In fact Scotland recorded its highest ever temperature

in 2019, an amazing 33.2°C on the 28th June in Motherwell.

Why is this happening? Why is the world becoming hotter?

Maybe allow a bit of discussion here before going on to the next slide.

Slide 28

TAKE YOUR TIME WITH THIS SLIDE

Greenhouse gases do naturally enter our atmosphere by various
processes. This is a view of Dumfries and Galloway way before
humans came along. What things can you see that naturally
put greenhouse gases into the atmosphere? Volcanoes, wild
animals, forest fires and the ocean all release greenhouse
gases naturally. Did you know that there used to be volcanoes
in Scotland? Most of the Galloway Hills were volcanoes —
anywhere that you find the rock called granite which is a
volcanic rock. (CLICK) So this is the landscape now. What do
humans do to put Greenhouse gases into the atmosphere?
Well, there are still forest fires, so I've left them. There are still
wild animals. But we have also brought:

farms, (CLICK) cities and towns, (CLICK) power stations,
(CLICK) deforestation, (CLICK) international travel, (CLICK) and
local travel, (CLICK) and all these things release much more
greenhouse gases into the atmosphere than would naturally
occur, which may be why we have seen global temperatures
increase so much in the last 100 years.

Slideshow 4 -Explanatory Text Page 5
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Slide 29

Slide 30

Million Tonnes Carbon Emitted by Scotland

Slide 31

Will an increase in global temperatures cause human beings
problems? After all it might be nice if Scotland was a bit warmer!
The answer to that question is that scientists are just not sure
what the effects of global warming are going to be. There are too
many variables. These are just a few of the things that might
happen.... (CLICK) there will be more storms and other extreme
weather events such as heavy rainfall or droughts. (CLICK) Certain
crops will not grow here anymore, and those that do will be more
prone to disease. (CLICK) Believe it or not, in Scotland it might
not even mean that the temperature goes up! It might actually get
colder here due to the loss of the warm water current that flows
across the Atlantic to our coast from the Caribbean. There will

be other local effects that no one can foresee. It’s hard to imagine
that one species can have such a big effect on our planet.

The fact that things are so uncertain surely means that we should
do everything we can to slow down our emissions of greenhouse
gases. The Scottish Government wants Scotland to become
carbon neutral by 2045. That means that every tonne of carbon
that we release into the atmosphere, we have to remove one tonne
of carbon. The problem here is that it isn’t just one tonne of
carbon — in 2016 Scotland emitted approximately 40 million
tonnes of greenhouse gases! That works out to a carbon footprint
of about eight tonnes of CO, per person in Scotland being
released into the atmosphere. We have reduced this figure since
we realised that global warming was a problem in the 1990’s,
which is great, but we need to keep going!

So how on Earth can we do that? How can we reduce our carbon
emissions by such a huge amount in less than 30 years? Well
there are lots of ways to reduce our carbon footprint, and they
all involve a change in the way we live our lives. To show you
some of these ways we're going to play The Greenhouse Gas
Board Game. The first time you play the game, it will be to
simulate how we have acted in the past, the second time is
how we are acting now, and the third time we will play it as

if we are determined to get our carbon emissions to zero by
2045. Let’s see if it’s possible...SEE PAGE 55 FOR
INSTRUCTIONS

So can you see that there are lots of ways that we can make a
difference? The hope is that if everybody works to make a
small difference, they will add up to a big difference and
hopefully we can slow down the rate at which our planet is
warming. As we talked about before, the Earth will survive,
life of some kind will survive, but may be not us! Or at least
not so many of us. The ways of reducing our carbon emissions
that we looked at in the game involved us living more
sustainably. We will talk about this in the next workshop.

Slideshow 4 -Explanatory Notes Page 6
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Workshop 4 - Climate Change
and the Biosphere

Teachers Notes

Climate change is a hot topic (pardon the pun) - and yet there is much conflicting advice
and opinions surrounding this subject. In the presentation, the children will be shown
some of the basic science behind climate change and then move on to actions they can
take to help stop/prevent/reverse it. This subject can be emotional and overwhelming;
it is easy to feel hopeless and powerless in the face of such a huge issue. Please take
your time with presenting this topic and if possible allow lots of discussion. Any
questions you don’t know the answer to, encourage the children to research - there are
many great Climate Change resources available, for example:

eschooltoday.com /climate-change /introduction-to-climate-change-for-children.html

hctfeducation.ca/lessons/energy-atmosphere-and-climate

The latter is a Canadian website with pdfs on specific aspects of climate for varying
ages - it has good, detailed instructions on games and axctivities to do with the carbon
cycle for example. There are also online courses for teachers to learn the science behind
Climate Change; these change quite quickly but are easy to search for.

Although it is generally accepted now that human induced climate change is Science
fact, there are people who do not believe in it. Often, their argument is that any
fluctuations in climate that we are measuring today, are in fact natural changes which
would have taken place without the presence of humans. It’s ok to have differing
opinions on this matter. Even now, because of the short time we've been measuring
climate and because of the huge timescales that climate fluctuates in, we genuinely
don’t know for sure that it is humans that are causing this accelerated warming.
Based on the evidence available, it seems likely, but it is definitely not irrefutable fact.
So encouraging informed debate and discussion about this topic is a great thing.

Believe it or not, our Earth is currently in an Ice Age,
although luckily for us, we are in an Interglacial
period - a relatively short period of time (10,000 years)
in a much longer sequence of Ice Ages. Some
scientists think that we might prevent the next
) Ice Age period with our industrial activities,

but of course we have no way of knowing if
that’s the case.

¢ p

L

With all this uncertainty, it’s very hard to say one way or the
other whether humans are causing climate change or whether
the warming of our planet over the last 100 years is merely C~
a natural phenomenon. The point that scientists and
commentators make in reply to this is that the planet is
warming so fast that it would be safer to assume that we are
at fault, and for our own well being as a species, if for no other
reason, we should follow The Precautionary Principle and
work to reduce greenhouse gas emissions just to be on
the safe side.
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Further Investigation

There are experiments which directly demonstrate the effects of increased
carbon dioxide in the atmosphere. Two possible class experiments suitable
for this age group are detailed in Part 2: Out & About in the Biosphere.

The first demonstrates the
heating effect of CO, in the
atmosphere, using the
chemical reaction between
Bicarbonate of Soda and
vinegar to create CO, in
plastic juice bottles, which
are then placed beside a lamp
(to simulate the sun). P
When compared with a control bottle containing normal air, it can be
demonstrated that the bottle containing CO? heats up more than the control.

Another interesting experiment demonstrates
why increased CO, in the oceans is
detrimental to living things. Step by step
instructions for this are also found in Part 2.
Increased CO, increases the acidity of the
ocean, and this in turn affects marine life.
You will need some sea shells for this
experiment. Why not combine a collecting trip with a beach clean? Details
for organising a Beach Clean are also given in the second part of this pack,
Out & About in the Biosphere.
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Activity - The Greenhouse Gas

Slide 1

Workshop 4

CLIMATE CHANGE & THE BIOSPHERE

Board Game

Slideshow - 1 hour
Activity - 1 hour

=

—

GALLOWAY GLENS

H

The
Holywood
Trust

O’s and E’s - Sciences - Planet Earth- “I can explain
some of the processes which contribute to climate

change and discuss the possible impact of
atmospheric change on the survival of living things”.
Technologies - “I can analyse how lifestyles can
impact on the environment and Earth’s resources
and can make suggestions about how to live in a
more sustainable way”.

Today in our Biosphere Explorers workshop we are going to discuss
Climate Change. Can any one tell me what Climate Change means?

Climate Change is a hot news topic at the moment. Can anyone
think of any examples of problems in the news today which are
caused by Climate Change? Answers may include droughts, or
wildfires in Australia, the icecaps melting, sea levels rising.

Today we’re going to talk about why we think Climate Change is
happening, how it is happening and what we can do to stop

or reduce its effects on the planet and the human race. CLICK TO
REVEAL THE PICTURE BEHIND THE WORDS - AN ANIMATION
OF THE INCREASE IN AVERAGE TEMPERATURES ON EARTH
OVER THE LAST 100 YEARS..

Here is a picture of our Solar System. Can you name the planets
when I point to them? CLICKING WILL REVEAL THE NAMES OF
THE PLANETS ONE BY ONE.

Have you ever heard of the Goldilocks Zone? This is the zone
around a star which is neither too hot, nor too cold, but just
right for liquid water to be present on an orbiting planet. Why is
it called that? It’s like Baby Bear’s porridge from the fairy tale,
neither too hot or too cold, but just right! This is important
because it is believed that liquid water is necessary for any life
to survive. In other words, if there is no liquid water present on
a planet, then as far as we know, life can never evolve. Around
our star, the Sun, the Goldilocks Zone includes Venus, Earth
and Mars.

Slideshow 4 - Explanatory Notes Page 1
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Is there life on Venus or Mars? Why not? It is worth taking a bit
of time here to discuss the question of life on other planets. (see
24 page 18 for more facts on this topic).

Well, there is a different reason for each of the planets, and it’s
all to do with their atmospheres. What would happen if there
was no atmosphere around the Earth? Expect some whacky
answers here, but don’t let them get too carried away - these are
tricky concepts though, so a bit of light relief won’t hurt...
(CLICK TO SEE THE ALIENS’ CONVERSATION)

Slide 8

Heat from the sun would reach the Earth and... ...would be reflected straight back out into space again.

Slide 9

This is what happens on Mars, hence it has an average surface
temperature of -63°C — too cold for liquid water. Can you imagine
-63°C? Is the temperature ever that low on Earth? Antarctica
has recorded the 5 lowest ever temperatures on Earth. In

2010, the temeperature reached -93°C at Dome Fuji in the
interior of the Antarctic continent. However, that is our lowest
temperature, when for Mars that is an average. What’s the
difference? Scientists think the temperature might get to -153°C
at the poles of Mars.

Slide 10 Slide 11

Thank goodness the Earth has an atmosphere then... When the sun’s rays reach us...

Slideshow 4 - Explanatory notes page 2
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Slide 12 Slide 13

Some is reflected off the atmosphere back into But most of the energy is trapped within the Earth’s

space, atmosphere.
Slide 14 Slide 15

Thus trapped, it bounces off gases and water Over and over again, trapping the heat and making
vapour which make up our atmosphere (more our planet a pleasant average of + 14°C (a nice warm
of that later) Spring day in Scotland).

Slide 16

Warm enough for liquid water to exist on the
planets’ surface (thank goodness)

Something different has happened on Venus. It’s atmosphere

is so dense and full of gases that it has trapped too much of the
sun’s energy which has resulted in a ‘runaway greenhouse effect’.
This means that it is the hottest planet in our solar system at
plus 462°C. So not enough atmosphere results in a planet too
cold to support life, and too much atmosphere results in a planet
too hot to sustain life. On Earth the balance is just right, just
like Baby Bear’s porridge!

To find out why that is, lets have a closer look at Earth’s
atmosphere. The atmosphere of our planet is approximately
480 km thick.

" Slideshow 4 - Explanatory notes -page 3
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Teacher Notes - Atmospheres of Other Planets in Our Solar System
Galloway Dark Sky Park

Our Biosphere is the perfect place to look at our closest planets, and the differences in
their atmospheres are apparent even with a pair of binoculars. Some rangers
specialise in Dark Sky excursions - see the contacts in Part 2 of the pack for more
details, but you could take your pupils out yourself.

Telling the Difference Between Planets and Stars

It is fairly straightforward to tell the difference between planets and stars using the

following rules:

1. planets tend to be brighter than stars

2. planets don’t twinkle

3. planets rise in the East and set in the West, whereas stars move in a circle around
Polaris the North Star.

4. planets follow roughly the path of the moon across the sky

A Polaris

How to find Polaris, the North
Star. Find The Plough, then
use the end two stars, ‘the
Pointers’ to find the first
reasonably bright star in a
straight line up from them.
Once you are facing this star,
The Plough you are facing north.

Mars
The Red Planet - it does actually look orange in the sky, and binoculars will show this

more clearly. Although you won’t be able to see any surface detail with binocs, when
you are looking at Mars you are actually seeing the orange oxidised rocky surface of
the planet itself, as there is no atmosphere to speak of to block the view.

Venus
The Morning or Evening Star, Venus is by far the brightest planet. Before humans came
with light pollution, the light of Venus actually cast a shadow! This brightness is because
of Venus’ thick atmosphere which reflects 65% of the sunlight which hits it. So unlike
Mars, when you look at Venus you cannot see its surface, just the tops of the clouds
which smother it. Depending on when you look at it, Venus shows phases like the

moon!

Jupiter

It is possible to see Jupiter and its four
largest moons through binoculars.

Jupiter

Saturn
Saturn looks oval through binocs due to its rings.
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