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Yrll into 12 Geography Transition Work

Welcome to A-Level Geography! These tasks will prepare you for the start of your A-Level Geography
course.

These tasks introduce you to the six topics you will be studying and have many useful links and resources
that will support you in your preparation for A-Level Geography. You can complete your work on paper or
on your computer but create three separate folders/files: ‘Paper 1: Physical Geography’ and ‘Paper 2:
Human Geography’ folder. You should also be keeping a scrap book of news articles, resources, diagrams,
and content found online. This can be electronic (the ‘Collect” app on Android or iTunes is excellent - find
out more here https://collect.bywetransfer.com/ ), or your scrap book can be paper based. Keep these
separate and safe as we will be using them at the start of the course.

These are the six topics studied across Years 12 and 13 in Geography. The exam papers are sub-divided into
these six topics:

Course Content

Paper Content

Section A: Water and Carbon Cycles
1: Physical Geography Section B: Coastal systems and Landscapes
Section C: Hazards

Section A: Global Systems and Global Governance
2: Human Geography Section B: Changing Places
Section C: Contemporary Urban Environments

Assessment of A-Level Geography

There are two exams and one piece of coursework (NEA) which are assessed:

Unit Title Assessment Weighting
1 Physical Geography Paper 1 40%
2 Human Geography Paper 2 40%
3 Geographical Investigation Non-Examined Assessment 20%
(coursework)

You need to work week-by-week through these six activities which will give you an introduction to the six
different topics. Each activity should take you about 2 hours, although there are also additional activities
included to take you further - if you're interested! Email me your work each week as you complete it.

Resources

We recommend that students purchase a revision guide for the course. We stock the CGP ‘A-Leve/
Geography AQA Complete Revision and Practice’book in the department. All geography students should
have set up a free Seneca Learning account, but there is also the option to buy their more personalised
revision programme if you wish to subscribe (www.senecalearning.com). Students should have been
working through the sections on Seneca Learning since Y10. There is also revision material on the
Geography Department FROG page, including free access to the ‘Geography Review’ digital magazine
(aimed at A-Level geographers) which are full of information, revision tips, exam advice and help with
exam questions, case studies and examples. You must use this regularly to widen your understanding and
knowledge oif the subject. Your teachers are also ready to help you whenever you need them!

Contact j.cox@macademy.org.uk if you have any questions or problems. Macmillan Academy Geography Department
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Week Topic Activities Complete

a. Read, and highlight (if you can print it) ‘An introduction to the Global Date
Carbon Cycle’ (copy attached). completed:

a. Make Cornell notes based on the first part of this document (up to la.

C::’:::’C‘;“C‘I’es and including Figure 2). Cornell note taking is explain here _
1 https://www.youtube.com/watch?v=WtW9IyEQ40Q T -

There is a template for Cornell notes (also attached). b

a. Create a timeline or fact file of the key events in the history of the 2a.
United Nations (UN). See https://www.un.org/en/about-un/

b. Create an A3-sized mind map/list/poster/diagram to show the different

Global funds, programmes and agencies of the UN. Remember to include the
Systems and names of these, not just the acronym and briefly state their purpose.
2 Global E.g. WHO (World Health Organisation). Its role is to help governments | 2b.
Governance respond to public health issues like the Corona virus, Ebola, measles,
and for all people to attain the highest possible level of health (health =
physical, mental and social well-being). Include the relevant logo for
each organisation.
a). Explore this interactive national coastal erosion risk/management map of 3a.
the UK coastline https://www.gov.uk/check-plans-to-stop-coastal-erosion-in-
your-area . Find out how the coast is being managed near Middlesbrough e.g.
Redcar, Saltburn, etc.
b). Answer each set of questions that appear on each of the 1-9 ‘buttons’ at the
top left of this map of the fastest eroding coastline in Europe - the Holderness 3b.
coast.
https://esriukeducation.maps.arcgis.com/apps/MapSeries/index.html?appid=76
0af30c37a245acbd546cf42c7ecOcb&fbclid=IwAR14aEazxiigi8H8gE5dSHU9kc-
Coastal DR3Y4SIaktkY--ZBE9CK8J1I5y10d9hA
3 Systems and
Landscapes
So, click on button 1 and you have two
questions to answer (1. Why is the
geology subject to rapid erosfon? 2. From
which direction is the greatest fetch?)
You must explore the map to find your
answers. Click on button 2 and you have
another 2 questions. There are total of 16
questions/tasks.

a. Listen to Professor of Geography Doreen Massey (2013) discuss her 4a.
concept of “a sense of place”
https://www.youtube.com/watch?v=Quj4tibTPxw . You will need to
concentrate! What do you consider *a sense of place to mean? 4b.

4 Changing b. Use Google Street View to compare and contrast Yarm High Street with
Places

Linthorpe Road (from Parliament Road to Borough Road). What sense
of place does each have? What factors influence and affect each place?
Which place has more global influences and which more local?

Contact j.cox@macademy.org.uk if you have any questions or problems.
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5 Hazards

a. Explore this active volcano first
https://www.youtube.com/watch?v=0Bp2EWPjotk , then visit the most
volcanic place in the world, in a National Park in Hawaii
https://artsandculture.withgoogle.com/en-us/national-parks-
service/hawaii-volcanoes/nahuku-lava-tube-tour

b. Produce a poster or concept map about volcanoes. Information could
include: what is a volcano? Where are they located? How many types
are there? Eruption types (e.g. Plinian, Strombolian, etc.). Volcanic
Explosivity Index (VEI). What primary and secondary hazards do they
create? How do different countries manage the risks associated with
them? Why should we be very grateful for them? What role do they
play in the carbon cycle? How worried should we be about
supervolcanoes?

5a.

5b.

Contemporary
6 Urban
Environments

a. Watch this film about the Industrial Revolution
https://www.youtube.com/watch?v=zhL5DCizj5c&list=PLfcYkPPovPfT8I
-to84-4z50BURPIXVFa&index=3 . Answer in about 100 words: To what
extent does industrialisation lead to urbanisation?

b. Read the information here about the importance of 600 cities around
the world which, by 2025, will be generating >60% of global wealth
https://www.mckinsey.com/featured-insights/urbanization/urban-world-

mapping-the-economic-power-of-cities# (- don’t forget to explore the
interactive map). Summarise the key learning points in 8-10 bullet
points.

6a.

6b.

Week 7 and beyond...

MOOC's and TED's

Future Learn offer a huge range of free online courses in dozens of different
subject areas. There are many to choose from, but these four are great starting
points for your A-Level Geography course:

Tipping Points: Climate Change and Society

Discover how rapid changes to natural systems may make Earth look very
different in the future. (2 weeks, 3 hours per week).
https://www.futurelearn.com/courses/tipping-points-climate-change-and-

society

Extreme Geological Events

Explore how extreme geological events have shaped Earth and what challenges
future events might pose to our planet. (3 weeks, 4 hours per week)
https://www.futurelearn.com/courses/extreme-geological-events

Come Rain or Shine: Understanding the Weather

Understand and explore the physical processes behind the weather. (3 weeks, 3
hours per week)

https://www.futurelearn.com/courses/come-rain-or-shine

Environmental Challenges: Justice in Natural Resource Management

Contact j.cox@macademy.org.uk if you have any questions or problems.
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How do we ensure that the difficult decisions about the management of natural
resources are just and fair for all? (2 weeks, 5 hours per week)
https://www.futurelearn.com/courses/environmental-challenges-justice

TED Talks often have great geographical content. Try these:

Parag Khanna: How megacities are changing the map of the world

‘| want you to reimagine how life is organized on earth,” says global strategist Parag Khanna. As our
expanding cities grow ever more connected through transportation, energy and communications
networks, we evolve from geography to what he calls "connectography.” This emerging global network
civilization holds the promise of reducing pollution a...

Liz Ogbu is an architect who works on spatial justice: the idea that justice has a geography and that the
equitable distribution of resources and services is a human right. In San Francisco, she's questioning the
all too familiar story of gentrification: that poor people will be pushed out by development and progress.
"Why is it that we treat cu...

Luisa Neubauer: Why you should be a climate activist

"| dream of a world where geography classes teach about the climate crisis as this one great challenge
that was won by people like you and me," says climate activist Luisa Neubauer. With Greta Thunberg,
MNeubauer helped initiate "Fridays For Future,”" the momentous international school strike movement that
protests the lack of action on the climat...

The Roval Geographical Society’s: Young Geographer of the Year Competition

https://www.rgs.org/schools/competitions/yvoung-geographer-of-the-year/

The Young Geographer competition, run by the Royal Geographical Society and Journal ‘Geographical’, has
been running for over 20 years and in 2019 over 15,000 young people took part. This year’s Young
Geographer of the Year competition gives young people the chance to explore the potential that
geography holds. The competition this year is asking young people to explore their wider geographical
horizons by providing entries to explore the geography of 'The world beyond my window'.

You are expected to enter this competition if you want to enrol on the A-Level geography
course.

Click on the link above to find out more and how to enter your essay into the competition.

“The study of geography is about more than just memorising places on a
map. It is about understanding the complexities of the world,
appreciating the diversity of cultures that exist across continents. And in
the end, it is about using all that knowledge to help bridge divides and
bring people together.”

Barack Obama

Contact j.cox@macademy.org.uk if you have any questions or problems. Macmillan Academy Geography Department
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Task 1a: ‘An Introduction to the Carbon Cycle’:

UNIVERSITY
of NEW HAMPSHIRE

AN INTRODUCTION TO THE

GLOBAL CARBON CYCLE

Carbon: the building block of life. You may have heard this phrase, but have you fully considered
what it really means? All living things are made of elements, the most abundant of which are,
oxygen, carbon, hydrogen, nitrogen, calcium, and phosphorous. Of these, carbon is the best at
joining with other elements to form compounds necessary for life, such as sugars, starches, fats,
and proteins. Together, all these forms of carbon account for approximately half of the total dry
mass of living things.

Carbon is also present in the Earth's atmosphere, soils, oceans, and crust. When viewing the
Earth as a system, these components can be referred to as carbon pools (sometimes also called
stocks or reservoirs) because they act as storage houses for large amounts of carbon. Any
movement of carbon between these reservoirs is called a flux. In any integrated system, fluxes

connect reservoirs together to create cycles and
i
00 _\ /_
O 8 XX

feedbacks. An example of such a cycle is seen in

Figure 1 where, carbon in the atmosphere is used in

photosynthesis to create new plant material. On a Atmospheric Carbon Dioxide

global basis, this process transfers large amounts of Bipakalty
carbon from one pool (the atmosphere) to another photosynthesis
(plants). Over time, these plants die and decay, are it Juihepresence
harvested by humans, or are burned either for zscl;';?;;?e"an Sunlight
energy or in wildfires. All of these processes are harvesting Transferto
fluxes that can cycle carbon among various pools 2ol
within ecosystems and eventually releases it back to
the atmosphere. Viewing the Earth as a whole,

individual cycles like this are linked to others
involving oceans, rocks, etc. on a range of spatial and
temporal scales to form an integrated global carbon
cycle (Figure 2).

Contact j.cox@macademy.org.uk if you have any questions or problems.

Carbon stored in plants and soils

Figure 1. A sub-cycle within the global carbon cycle.
Carbon continuously moves between the atmosphere,
plants and soils through photosynthesis, plant
respiration, harvesting, fire and decomposition.

Macmillan Academy Geography Department
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On the shortest time scales, of seconds to minutes, plants take carbon out of the atmosphere
through photosynthesis and release it back into the atmosphere via respiration. On longer time
scales, carbon from dead plant material can be incorporated into soils, where it might reside for
years, decades or centuries before being broken down by soil microbes and released back to the
atmosphere. On still longer time scales, organic matter' that became buried in deep sediments
(and protected from decay) was slowly transformed into deposits of coal, oil and natural gas, the
fossil fuels we use today. When we burn these substances, carbon that has been stored for
millions of years is released once again to the atmosphere in the form of carbon dioxide (CO,).

The carbon cycle has a large effect on the function and well-being of our planet. Globally, the
carbon cycle plays a key role in regulating the Earth’s climate by controlling the concentration of
carbon dioxide in the atmosphere. Carbon dioxide (CO,) is important because it contributes to
the greenhouse effect, in which heat generated from sunlight at the Earth’s surface is trapped by
certain gasses and prevented from escaping through the atmosphere. The greenhouse effect
itself is a perfectly natural phenomenon and, without it, the Earth would be a much colder place.
But as is often the case, too much of a good thing can have negative consequences, and an
unnatural build-up of greenhouse gasses can lead to a planet that gets unnaturally hot.

In recent years CO, has received much attention because its concentration in the atmosphere
has risen to approximately 30% above natural background levels and will continue to rise into the
near future. Scientists have shown that this increase is a result of human activities that have
occurred over the last 150 years, including the burning of fossil fuels and deforestation. Because
CO, is a greenhouse gas, this increase is believed to be causing a rise in global temperatures.
This is the primary cause of climate change and is the main reason for increasing interest in the
carbon cycle.

The Earth’s carbon reservoirs naturally act as both sources, adding carbon to the atmosphere,
and sinks, removing carbon from the atmosphere. If all sources are equal to all sinks, the carbon
cycle can be said to be in equilibrium (or in balance) and there is no change in the size of the
pools over time. Maintaining a steady amount of CO, in the atmosphere helps maintain stable
average temperatures at the global scale. However, because fossil fuel combustion and
deforestation have increased CO, inputs to the atmosphere without matching increases in the
natural sinks that draw CO, out of the atmosphere (oceans, forests, etc.), these activities have
caused the size of the atmospheric carbon pool to increase. This is what has been responsible
for the present build-up of CO, and is believed to cause the observed trend of increasing global
temperatures. How far will CO, levels rise in the future? The answer depends both on how
much CO, humans continue to release and on the future amount of carbon uptake and storage
by the Earth's natural sinks and reservoirs. In short, it depends on the carbon cycle.

1. We often refer to carbon occurring in “organic” versus “inorganic” forms. This is a simple way of
grouping different forms of carbon into biologically derived compounds (complex substances produced
only by the growth of living organisms) and mineral compounds that can be formed in the absence of
biological activity (but can sometimes be formed with the assistance of living things, as in the case of sea
shells). Organic compounds includes such things as sugars, fats, proteins and starches and are contained
in both living organisms and the material that remains after their death and partial decomposition
(including the organic matter in soils as well as the deposits of coal and oils we refer to as fossil fuels).
Note that complete decomposition of organic matter results in a return to mineral forms, often as CO,.
Mineral forms of carbon include carbonates contained in rock and seawater as well as CO, itself.

Contact j.cox@macademy.org.uk if you have any questions or problems. Macmillan Academy Geography Department
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Figure 2. A simplified diagram of the global carbon cycle. Pool sizes, shown in blue, are given in
petagrams (Pg) of carbon. Fluxes, shown in red, are in Pg per year. (www.globe.gov/projects/carbon)

PooLs, FLUXES AND A WORD ABOUT UNITS

In order to understand how carbon is cycled and how atmospheric CO, will change in the future,
scientists must carefully study the places in which carbon is stored (pools), how long it resides
there, and processes that transfer it from one pool to another (fluxes). Collectively, all of the
major pools and fluxes of carbon on Earth comprise what we refer to as the global carbon cycle.

As you might imagine, the actual global carbon cycle is immensely complex. It includes every
plant, animal and microbe, every photosynthesizing leaf and fallen tree, every ocean, lake, pond
and puddle, every soil, sediment and carbonate rock, every breath of fresh air, volcanic eruption
and bubble rising to the surface of a swamp, among much, much else. Because we can't deal
with that level of complexity, scientists often describe the carbon cycle by lumping similar
objects or environments into simpler groups (forest, grassland, atmosphere, ocean) and focusing
only on the processes that are most important at the global scale (Figure 2). As you might
imagine, part of the trick is understanding just what those processes are.

The following section is a brief overview of some of the important pools and fluxes in the global
carbon cycle (and note that, in our discussion, we will use the terms pool, stock and reservoir
interchangeably). But first, it’s worth taking a moment to consider the numbers and units
scientists often deal with. Because the quantities of carbon in the Earth’s major carbon pools
can be quite large, it is inconvenient to use familiar units such as pounds or kilograms. Instead,
we use other units, such as Petagrams, that are better suited for expressing large numbers. For
example, a Petagram (Pg), also known as a Gigaton (Gt), is equal to one quadrillion

Contact j.cox@macademy.org.uk if you have any questions or problems. Macmillan Academy Geography Department
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(1,000,000,000,000,000 or 1015) grams! Because there are a thousand grams in a kilogram, and
a thousand kilograms in a tonne (also known as a metric ton), we can see that a Petagram is
equal to a trillion (1,000,000,000,000) kilograms or a billion (1,000,000,000) tonnes. For those
who prefer pounds, knowing that one kilogram is equal to 2.205 pounds tells us that one
Petagram equals about 2.2 trillion pounds. In all cases, expressing this as 1 Pg is much simpler
than working with that many zeros. Now we will consider carbon stored on Earth in four main
reservoirs.

CARBON PooLs

Depending on our goals, the Earth’s carbon pools can be grouped into any number of different
categories. Here, we will consider four categories that have the greatest relevance to the
overall carbon cycle. Keep in mind that any of these pools could be further divided into a
number of subcategories, as we will occasionally discuss.

The Earth’s Crust: The largest amount of carbon on Earth is stored in sedimentary rocks within
the planet’s crust. These are rocks produced either by the hardening of mud (containing organic
matter) into shale over geological time, or by the collection of calcium carbonate particles, from
the shells and skeletons of marine organisms, into limestone and other carbon containing
sedimentary rocks. Together all sedimentary rocks on Earth store 100,000,000 PgC (Petagrams
of carbon). Recalling that 1 Pg is is equal to a trillion kilograms and over two trillion pounds, this
is clearly a large mass of carbon! Another 4,000 PgC is stored in the Earth’s crust as
hydrocarbons formed over millions of years from ancient living organisms under intense
temperature and pressure. These hydrocarbons are commonly known as fossil fuels.

Oceans: The Earth’s oceans contain 38,000 PgC, most of which is in the form of dissolved
inorganic carbon stored at great depths where it resides for long periods of time. A much
smaller amount of carbon, approximately 1,000 Pg, is located near the ocean surface. This
carbon is exchanged rapidly with the atmosphere through both physical processes, such as CO,
gas dissolving into the water, and biological processes, such as the growth, death and decay of
plankton. Although most of this surface carbon cycles rapidly, some of it can also be transferred
by sinking to the deep ocean pool where it can be stored for a much longer time.

Atmosphere: The atmosphere contains approximately 750 PgC, most of which is in the form of
CO,, with much smaller amounts of methane (CH,) and various other compounds. Although this
is considerably less carbon than that contained in the oceans or crust, carbon in the atmosphere
is of vital importance because of its influence on the greenhouse effect and

Contact j.cox@macademy.org.uk if you have any questions or problems. Macmillan Academy Geography Department
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climate. The relatively small size of the atmospheric C pool also makes it more sensitive to
disruptions caused by an increase in sources or sinks of C from the Earth’s other pools. In fact,
the present-day value of 750 PgC is substantially higher than that which occurred before the
onset of fossil fuel combustion and deforestation. Before these activities began, the atmosphere
contained approximately 560 PgC and this value is believed to be the normal upper limit for the
Earth under natural conditions. In the context of global pools and fluxes, the increase that has

occurred in the past several centuries is the
result of C fluxes to the atmosphere from
the crust (fossil fuels) and terrestrial
ecosystems (via deforestation and other
forms of land clearing).

Terrestrial Ecosystems: Terrestrial
ecosystems contain carbon in the form of
plants, animals, soils and microorganisms
(bacteria and fungi). Of these, plants and
soils are by far the largest and, when
dealing with the entire globe, the smaller
pools are often ignored. Unlike the Earth’s
crust and oceans, most of the carbon in
terrestrial ecosystems exists in organic
forms. In this context, the term “organic”
refers to compounds produced by living
things, including leaves, wood, roots, dead
plant material and the brown organic
matter in soils (which is the decomposed
remains of formerly living tissues).

Plants exchange carbon with the
atmosphere relatively rapidly through
photosynthesis, in which CO; is absorbed
and converted into new plant tissues, and
respiration, where some fraction of the
previously captured CO; is released back to
the atmosphere as a product of
metabolism. Of the various kinds of tissues
produced by plants, woody stems such as
those produced by trees have the greatest
ability to store large amounts of carbon,
because wood is dense and trees can be
large. Collectively, the Earth’s plants store
approximately 560 PgC, with the wood in
trees being the largest fraction.

Box 1: Fossil Fuels

Fossil fuels are the transformed remains of ancient
organisms: terrestrial plants and drifting plankton that
once lived in oceans and lakes. The necessary
processes of burial and chemical transformation require
millions of years and conditions today aren't nearly as
ideal as they were during the carboniferous era, when
most fossil fuel deposits formed. Today, most organic
material is broken down at the Earth’s surface through
decomposition, although organic matter can build up in
oxygen-poor environments, such as wetlands, or is
buried by sediments in lake and ocean basins. Over
millions of years of accumulation and burial, the organic
material undergoes a chemical change, resulting in what
we now recognize as fossil fuels and a variety of
intermediate substances.

All of the energy fossil fuels contain was initially
captured by plants during photosynthesis and has
become concentrated in various solid or liquid forms.
The most common forms are petroleum, coal and
natural gas, but other hydrocarbon deposits have also
been recognized (oil shale, tar sands, and gas hydrates).
Combustion of fossil fuels releases a great deal of
energy, which is why they have been used in
transportation, manufacturing, home heating and
electricity generation. Globally, fossil fuels account for
approximate three-quarters of total energy production.
The primary product of this hydrocarbon combustion is
carbon dioxide.

The total amount of carbon in the world’s soils is estimated to be 1500 PgC. Measuring soil
carbon can be challenging, but a few basic assumptions can make estimating it much easier.
First, the most prevalent form of carbon in the soil is organic carbon derived from dead plant
materials and microorganisms. Second, as soil depth increases the abundance of organic carbon
decreases. Standard soil measurements are typically only taken to 1m in depth. In most cases,
this captures the dominant fraction of carbon in soils, although some environments have very

Contact j.cox@macademy.org.uk if you have any questions or problems.

Macmillan Academy Geography Department


mailto:j.cox@macademy.org.uk

Last updated 18.04.20 J. Cox

deep soils where this rule doesn’t apply. Most of the carbon in soils enters in the form of dead
plant matter that is broken down by microorganisms during decay. The decay process also
releases carbon back to the atmosphere because the metabolism of these microorganisms
eventually breaks most of the organic matter all the way down to CO,.

CARBON FLUXES

The movement of any material from one place to another is called a flux and we typically think
of a carbon flux as a transfer of carbon from one pool to another. Fluxes are usually expressed
as a rate with units of an amount of some substance being transferred over a certain period of
time (e.g. g cm?s™ or kg km? yr*). For example, the flow of water in a river can be thought of as
a flux that transfers water from the land to the sea and can be measured in litres per second,
cubic meters per minute or cubic kilometres per year.

A single carbon pool can often have several fluxes both adding and removing carbon
simultaneously. For example, the atmosphere has inflows from decomposition (CO, released by
the breakdown of organic matter), forest fires and fossil fuel combustion and outflows from
plant growth and uptake by the oceans. The size of various fluxes can vary widely. In the
previous section, we briefly discussed a few of the fluxes into and out of various global C pools.
Here, we will pay more careful attention to some of the more important C fluxes.

Photosynthesis: During photosynthesis, plants use energy from sunlight to combine CO, from
the atmosphere with water from the soil to create carbohydrates (notice that the two parts of
the word, carbo- and —hydrate, signify carbon and water). In this way, CO, is removed from the
atmosphere and stored in the structure of plants. Virtually all of the organic matter on Earth
was initially formed through this process. Because some plants can live to be tens, hundreds or
sometimes even thousands of years old (in the case of the longest-living trees), carbon may be
stored, or sequestered, for relatively long periods of time. When plants die, their tissues remain
for a wide range of time periods. Tissues such as leaves, which have a high quality for
decomposer organisms, tend to decay quickly, while more resistant structures, such as wood
can persist much longer. Current estimates suggest photosynthesis removes 120 PgC/year from
the atmosphere and about 610 PgC is stored in plants at any given time.

Plant Respiration: Plants also release CO, back to the atmosphere through the process of
respiration (the equivalent for plants of exhaling). Respiration occurs as plant cells use
carbohydrates, made during photosynthesis, for energy. Plant respiration represents
approximately half (60 PgC/year) of the CO, that is returned to the atmosphere in the terrestrial
portion of the carbon cycle.

Litterfall: In addition to the death of whole plants, living plants also shed some portion of their
leaves, roots and branches each year. Because all parts of the plant are made up of carbon, the
loss of these parts to the ground is a transfer of carbon (a flux) from the plant to the soil. Dead
plant material is often referred to as litter (leaf litter, branch litter, etc.) and once on the ground,
all forms of litter will begin the process of decomposition.

Soil Respiration: The release of CO, through respiration is not unique to plants, but is something
all organisms do, including microscopic organisms living in soil. When dead organic matter is
broken down or decomposed (consumed by bacteria and fungi), CO, is released into the
atmosphere at an average rate of about 60 PgC/year globally. Because it can take years for a
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plant to decompose (or decades in the case of large trees), carbon is temporarily stored in the
organic matter of soil.

Ocean—Atmosphere exchange: Inorganic carbon is absorbed and released at the interface of the
oceans’ surface and surrounding air, through the process of diffusion. It may not seem obvious
that gasses can be dissolved into, or released from water, but this is what leads to the formation
of bubbles that appear in a glass of water left to sit for a long enough period of time. The air
contained in those bubbles includes CO, and this same process is the first step in the uptake of
carbon by oceans. Once in a dissolved form, CO, goes on to react with water in what are known
as the carbonate reactions. These are relatively simple chemical reactions in which H,O and CO,
join to form H,CO3 (also known as carbonic acid, the anion of which is called carbonate, or CO3).
The formation of carbonate in seawater allows oceans to take up and store a much larger
amount of carbon than would be possible if dissolved CO, remained in that form. Carbonate is
also important to a vast number of marine organisms that use this mineral form of carbon to
build shells.

Carbon is also cycled through the ocean by the biological processes of photosynthesis,
respiration, and decomposition of aquatic plants. In contrast with terrestrial vegetation is the
speed at which marine organisms decompose. Because ocean plants don’t have large, woody
trunks that take years to breakdown, the process happens much more quickly in oceans than on
land—often in a matter of days. For this reason, very little carbon is stored in the ocean through
biological processes. The total amount of carbon uptake (92 Pg C) and carbon loss (90 PgC) from
the ocean is dependent on the balance of organic and inorganic processes.

Fossil fuel combustion and land cover change: The carbon fluxes discussed thus far involve
natural processes that have helped regulate the carbon cycle and atmospheric CO; levels for
millions of years. However, the modern-day carbon cycle also includes several important fluxes
that stem from human activities. The most important of these is combustion of fossil fuels: coal,
oil and natural gas. These materials contain carbon that was captured by living organisms over
periods of millions of years and has been stored in various places within the Earth's crust (see
Box 1: Fossil Fuels). However, since the onset of the industrial revolution, these fuels have been
mined and combusted at increasing rates and have served as a primary source of the energy
that drives modern industrial human civilization. Because the main by-product of fossil fuel
combustion is CO,, these activities can be viewed in geological terms as a new and relatively
rapid flux to the atmosphere of large amounts of carbon. At present, fossil fuel combustion
represents a flux to the atmosphere of approximately 6-8 PgC/year.

Another human activity that has caused a flux of carbon to the atmosphere is land cover change,
largely in the form of deforestation. With the expansion of the human population and growth of
human settlements, a considerable amount of the Earth's land surface has been converted from
native ecosystems to farms and urban areas. Native forests in many areas have been cleared for
timber or burned for conversion to farms and grasslands. Because forests and other native
ecosystems generally contain more carbon (in both plant tissues and soils) than the cover types
they have been replaced with, these changes have resulted in a net flux to the atmosphere of
about 1.5 PgC/year. In some areas, regrowth of forests from past land clearing activities can
represent a sink of carbon (as in the case of forest growth following farm abandonment in
eastern North America), but the net effect of all human-induced land cover conversions globally
represents a source to the atmosphere.
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Geological Processes: Geological processes represent an important control on the Earth's
carbon cycle over time scales of hundreds of millions of years. A thorough discussion of the
geological carbon cycle is beyond the scope of this introduction, but the processes involved
include the formation of sedimentary rocks and their recycling via plate tectonics, weathering
and volcanic eruptions.

To take a slightly closer look, rocks on land are broken down by the atmosphere, rain, and
groundwater into small particles and dissolved materials, a process known as weathering. These
materials are combined with plant and soil particles that result from decomposition and surface
erosion and are later carried to the ocean where the larger particles are deposited near shore.
Slowly, these sediments accumulate, burying older sediments below. The layering and burial of
sediment causes pressure to build, which eventually becomes so great that deeper sediments
are turned into rock, such as shale. Within the ocean water itself, dissolved materials mix with
seawater and are used by marine life to make calcium carbonate (CaCOs) skeletons and shells.
When these organisms die, their skeletons and shells sink to the bottom of the ocean. In
shallow waters (less than 4km) the carbonate collects and eventually forms another type of
sedimentary rock called limestone.

Collectively, these processes slowly convert carbon that was initially contained in living
organisms into sedimentary rocks within the Earth's crust. Once there, these materials continue
to be moved and transformed through the process of plate tectonics, uplift of rocks contained in
the lighter plates and melting of rocks in the heavier plates as they are pushed deep under the
surface. These melted materials can eventually result in emission of gaseous carbon back to the
atmosphere through volcanic eruptions, thereby completing the cycle. Without this geological
recycling, the carbon that becomes bound up in rocks would accumulate and remain there
forever, eventually depleting the sources of CO, that are vital to life. The recycling of carbon
through sedimentary rocks is an important part of our planet's long-term (over millions of years)
ability to sustain life. Without it, the carbon that becomes bound up in rocks would accumulate
and remain there forever, eventually depleting the sources of CO, that are vital to plants.
However, because the geological cycle moves so slowly, these fluxes are small on an annual
basis and have little effect on a human time scale.

CARBON BUDGETS: THE BALANCE BETWEEN SOURCES & SINKS

The Earth's carbon cycle is in a constant state of motion. Through processes that take place over
seconds, days, years and millennia, carbon is constantly being transferred between all the
various pools discussed above. But what does this mean for the size of any given pool? The fact
that carbon moves into and out of the Earth's land, atmosphere and oceans doesn't, on its own,
mean that these pools are changing. In fact, if the amount of carbon moving into a given pool is
matched by an equal amount of carbon moving out, the pool size remains constant. If this
condition were true for all carbon pools, the global carbon cycle would be said to be in a state of
dynamic equilibrium; "dynamic" because the carbon itself is moving, and "equilibrium" because
the equal size of all inputs and outputs keeps the system in balance. The size of all carbon pools
remains unchanged.

When scientists examine whether any system is in a state of change or in one of equilibrium,
they typically begin by constructing a budget. Just as in the constructing of a financial budget, a
carbon budget is simply a list all pools along with estimates of their size and of all the fluxes that
constitute inputs and outputs. Presently, a budget of the Earth's carbon cycle shows that it is far
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from being in a state of balance. While random variation in natural processes such as climate
and forest fires often results in some degree of imbalance on an annual basis, the very large
imbalance in today's carbon cycle is due to the processes of fossil fuel combustion and land
cover change, as discussed earlier. And this brings us to an interesting question scientists are
presently trying to answer. Although CO; is indeed building up in the atmosphere, the rate at
which it is accumulating is less than the rate at which it is being emitted and the difference is
difficult to account for through present estimates of uptake by the land and oceans. The
primary hypothesis scientists are exploring is that carbon uptake by forests and other
ecosystems is larger than has been estimated and that carbon accumulation in plants and soils
has kept the atmosphere from increasing at an even greater pace. But if this is correct, why are
present estimates too low and where in the world's ecosystems is the missing carbon going?
This mystery has sparked a great deal of research on ecological aspects of the carbon cycle and
is an underlying driver for much of the work students involved in the GLOBE Carbon Cycle
Project are investigating.

GLOSSARY

Anthropogenic emissions: Human—made materials (gases, particles, vapours, chemical compounds, etc.) that come
out of smokestacks, chimneys, and vehicle tailpipes.

Atmosphere: The mixture of gases surrounding the Earth. The Earth's atmosphere consists of about 79.1% nitrogen
(by volume), 20.9% oxygen, 0.036% carbon dioxide and trace amounts of other gases. The atmosphere can be
divided into a number of layers. The layer nearest the Earth is the troposphere, which reaches up to an altitude of
about 8 km (about 5 miles) in the Polar Regions and up to 17 km (11 mi.) above the equator. The stratosphere,
which reaches to an altitude of about 50 km (31 mi.), is above the troposphere. The mesosphere, which extends up
to 80-90 km (48-54 mi.), is above the stratosphere, and finally, the thermosphere, or ionosphere, is the layer that
forms a poorly defined border with outer space. There is relatively little mixing of gases between layers.

Biogeochemistry: The study of natural processes that recycle nutrients from the environment, to organisms, and
then back to the environment. Examples are the carbon, oxygen, nitrogen, phosphorus, and hydrologic cycles.

Boreal forests: The forest areas of the northern North Temperate Zone, dominated by coniferous trees such as
spruce, fir, and pine.

Carbon cycle: The exchange of carbon between its four main reservoirs—the atmosphere, terrestrial biosphere,
oceans, and sediments. Each of these global reservoirs may be subdivided into smaller pools, ranging in size from
individual communities or ecosystems to the total of all living organisms.

Carbon dioxide (CO,): A colourless, odourless non—combustible gas that is present in the atmosphere. It is formed
by the combustion of carbon and carbon compounds (such as fossil fuels and biomass), by respiration of animals
and plants, by the gradual oxidation of organic matter in the soil, and by chemical processes that occur with certain
geological components.

Carbon sequestration: The uptake and storage of carbon. Trees and plants, for example, absorb carbon dioxide,
release the oxygen and store the carbon.

Carbon sink: A carbon reservoir that takes in and stores (sequesters) more carbon than it releases. Carbon sinks can
serve to partially offset greenhouse gas emissions. Forests and oceans are both large carbon sinks.

Carbon source: A reservoir or component of the carbon cycle that releases more carbon than it absorbs.
Anthropogenic emissions are a source of carbon.

Climate: The average weather, usually taken over a 30-year time period, for a particular region and time period.
Climate is not the same as weather, but rather, it is the average pattern of weather for a particular region. Weather
describes the short—term state of the atmosphere. It is often challenging to differentiate between weather and
climate patterns.
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Climate change The long—term fluctuations in temperature, precipitation, wind, and other aspects of the Earth's
climate. Although it refers to temperature fluctuations in either direction, as well as other climate variation, the
media often uses it interchangeably with the term global warming. Scientists use the term both in reference to
natural and anthropogenic change.

Decomposition: The breakdown of matter by bacteria and fungi. It changes the chemical composition and physical
appearance of the materials. It is the process by which carbon is released from decaying biological matter.

Deforestation: The transformation of forested lands to non-forest uses. This is often cited as one of the major
causes of human-induced climate change for two reasons. In the case of slash and burn clearing, the burning and
decomposition of plant matter releases carbon dioxide. Also, deforestation removes trees that once consumed and
stored carbon dioxide from the atmosphere. Deforestation is a type of land—use change.

Fossil fuel: Any hydrocarbon deposit such as petroleum, coal, or natural gas that can be burned for heat or power.
Flux: The rate of exchange between reservoirs.

Global warming: A popular term used to describe the increase in average global temperatures due to the
greenhouse effect. It is often used interchangeably with the term climate change.

Greenhouse effect: A popular term used to describe the roles of water vapor, carbon dioxide, methane, and other
gases (greenhouse gases—GHG) in keeping the Earth's surface warmer than it would be otherwise.

Greenhouse gases (GHG): Those gases, such as water vapor, carbon dioxide, tropospheric ozone, nitrous oxide, and
methane, which allow solar radiation to pass through to the Earth, but block outgoing longwave radiation. Their
action is compared to that of glass in a greenhouse.

Greenhouse gas inventory: A statistical compilation of greenhouse gases emitted by a community, state, country,
etc. It can have both political and scientific applications.

Ice core: A vertical section of ice removed from a glacier or an ice sheet in order to study climate patterns of the
past. By performing chemical analyses on the air trapped in the ice, scientists can estimate the percentage of
carbon dioxide and other trace gases in the atmosphere at that time.

Intergovernmental Panel on Climate Change (IPCC): In 1988, the United Nations Environment Program and the
World Meteorological Organization established the IPCC jointly. The purpose of the IPCC is to assess information in
the scientific and technical literature related to all significant components of the issue of climate change. The IPCC
draws upon hundreds of the world's expert scientists as authors and thousands as expert reviewers. Leading
experts on climate change and environmental, social, and economic sciences from some 60 nations have helped the
IPCC to prepare periodic assessments of the scientific underpinnings for understanding global climate change and
its consequences. With its capacity for reporting on climate change, its consequences, and the viability of
adaptation and mitigation measures, the IPCC is also looked to as the official advisory body to the world's
governments on the state of the science of the climate change issue. For example, the IPCC organized the
development of internationally accepted methods for conducting national greenhouse gas emission inventories.

Kyoto Protocol: This is an international agreement struck by 159 nations attending the United Nations Framework
Convention on Climate Change (held in December of 1997 in Kyoto Japan) to reduce worldwide emissions of
greenhouse gases. If ratified and put into force, individual countries have committed to reduce their greenhouse
gas emissions by a specified amount. As of now, the United States is the only major industrialized country that
hasn’t signed-on.

Longwave radiation: The radiation emitted in the spectral wavelength greater than 4 micrometres, which
corresponds to the radiation emitted from the Earth and atmosphere. It is sometimes vaguely referred to as
terrestrial radiation or infrared radiation.

Soil carbon: Soil is a major component of the terrestrial biosphere pool in the carbon cycle. Organic soil carbon
estimates, rather than total soil carbon, are generally quoted. The amount of carbon in the soil is a function of
historical vegetative cover and productivity, which in turn is dependent upon climatic variables.
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