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LESSON PLAN
OVERVIEW

LEARNING OUTCOMES SUMMARY

The Carbon Cycle, Canadian Forests, and Shrinking Our Ecological Footprint

Level:  junior to senior 
Subjects:  science, chemistry, biology and ecology 
Duration:  60-90 minutes 
Group:  class and individual 
Setting:  classroom; optional field trip to local woodland or forest 
Preparation:  review lesson plan and resources included

Discuss carbon and the carbon cycle
Analyze why carbon is a concern in global
warming and look at the evidence that
proves this natural cycle is out of balance
Explore the life cycle of the forest and
forest succession
Study the different processes in the forest
to learn which store and which release
carbon
Compare the role of Canada’s forests in
acting as carbon sinks versus sources
Discuss ways to shrink our ecological
footprint

Working at a level appropriate to your class,
students will:

Students will explore the nature of the
carbon cycle and its relationship to different
processes within the forest. They will come to
understand the dynamic nature of forests in
storing and releasing carbon. They will look at
their local forest, and come to understand its
role in natural processes, particularly the
carbon cycle. 

Carbon Cycle Illustration
Forest Succession Illustration
Glossary of forestry-related terms

RESOURCES INCLUDED

 If we look at how nature operates without the influence of humans, we see what appears
to be a series of perfect systems. These systems or cycles provide the basic needs of all life.
When they are in balance, what is waste at one stage becomes a resource at another. The

next couple of pages show the processes found in forest systems, and are intended to
provide background information for teachers.  
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BACKGROUND INFORMATION
FOR TEACHERS

Carbon atoms form the basis of all plant,
animal and human life. The atmosphere
contains approximately 0.04% carbon
dioxide. At first glance, it might appear that
we will run out of carbon. But if we look at
the fact that life has existed on Earth for
over three billion years we realize that
something else is going on. Carbon is
constantly being recycled through the
environment. The carbon atoms that we
find in plants and animals come from the
air, water and from rocks such as limestone.
During photosynthesis, plants convert this
carbon into a form usable by animals,
including humans. Animals also release
carbon atoms back into the atmosphere
through the process of respiration. 

One of the biggest concerns around global
warming is the increase of carbon in the
atmosphere. Levels of carbon dioxide, a
greenhouse gas, have increased by over 30
percent since 1700. This suggests that the
carbon cycle is seriously out of balance.
Greenhouse gasses act as a shield that
traps the sun’s heat into the earth and
rather than letting them escape back into
space, thus causing an overall increase in
the global temperature. A big source of this
carbon is the burning of fossil fuels (gas,
coal, oil and wood). Fossil fuels are derived
from living organisms that release carbon
when they decay or are burned.

Fossil fuel combustion, land use change, along with other human activities have
increased the CO   in the atmosphere by almost 50% since the industrial revolution.
Luckily, natural carbon sinks like oceans and land biospheres help remove almost
half of the carbon emissions. Oceans have continued to absorb more and more of
the carbon as it increases the atmosphere. Meanwhile on land, the tropical
rainforests were the primary source of carbon sinks, but over the past thirty years,
this has declined due to climate change and deforestation. However, mid and high
latitude areas consisting of mostly boreal forest have increased carbon absorption,
thus offsetting some of the impact of reduced amazonian rainforest cover. Although
the study of the carbon cycle has improved over the years, there are still many gaps
as to exactly how the carbon is being absorbed. Consider the published studies
below that go over some of these gaps and suggestions to bridge them.

CARBON DIOXIDECARBON CYCLE

World Meteorological Organization: https://public.wmo.int/en/media/news/role-of-amazon-carbon-sink-declines-nature-study
Reviews of Geophysics: https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2021RG000736

Published study examples: 

CARBON SINKS
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Forests grow, age and change their makeup over time in a process known as succession. In
its early stage a forest is made up of many small plants that establish themselves quickly
and grow rapidly. These plants create soil and, if the conditions are right, are in turn
replaced by shrubs and other woody plants. Tree species eventually move in but even these
may be replaced by other kinds of trees as the forest evolves and matures. The forest grows
rapidly when it is young, and eventually develops to full maturity when it becomes a climax
forest - a stage where little growth or change occurs. While some types of forests may
remain in this mature state for very long periods of time, forests eventually succumb to
insects, decay, fire, wind damage, and other natural disturbances. To keep the forest cycle
alive, mature trees fall to the ground, rot, and form the soil and nutrients needed to sustain
the next generation. 

Formula for Photosynthesis:
6 CO   + 6 H  O  = C  H   O  + 6 O  + 6 H  O

With the help of sunlight (solar energy), the leaves use carbon dioxide and water from the
environment and convert them into oxygen and glucose which is energy. 

Forest-rich nations such as Canada, could count our vast forests against our emissions
reduction commitments. So far, there is ongoing research as to how much carbon dioxide
forests absorb, where they absorb it, and under what conditions. 

Although forests are considered carbon sinks, they can also become carbon sources if they
release more carbon than they absorb. Over the past few decades, Canadian forests have
switched from carbon sinks to carbon sources as trees die and decay due to forest fires,
insect attacks, etc. The Canadian Forest Service uses a system called the National Forest
Carbon Monitoring, Accounting, and Reporting System (NFCMARS) to study greenhouse gas
emissions and absorption by forests, and to monitor these changes over time.

BACKGROUND INFORMATION
FOR TEACHERS (cont'd)

FOREST CYCLE

CREDITING FORESTS AS CARBON SINKS 

For more information and updates, visit the Government of Canada website below:
www.nrcan.gc.ca/climate-change-adapting-impacts-and-reducing-emissions/climate-change-impacts-forests/forest-carbon/13085
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LESSON PLAN

Nature provides all the resources that we use to live. If we use more resources than
we replace, or if we produce more waste than nature can take care of, not only do
we produce more greenhouse gasses like carbon, but we also throw our natural
systems out of balance. The concept of an ecological footprint expresses this human
impact on the environment by looking at the resources we consume and at the
waste we generate. It then expresses this relationship as the amount of land
required exclusively to produce the resources consumed and waste generated by a
population. These calculations include only the available biologically productive land
and water - meaning non-productive land, such as deserts, and areas given over to
cities and other human uses are not included in the tally. 

Compare it to other cycles like the
natural water, oxygen and
nitrogen cycles, or industrial
recycling processes (paper or
metal). Your students may be
aware of some of these cycles,
but you may need to introduce
them to others.

Using the Carbon Cycle illustration
below, discuss the carbon cycle with
your class.

What are the three substances
created when carbon dioxide and
hydrogen react with each other
during photosynthesis? (Answer:
sugars, oxygen, and water).
Using this equation, what other cycles
are also involved? (Answer: water cycle,
oxygen cycle).

Using the formula for photosynthesis,
ask your students to define how a forest
absorbs carbon.

Are there signs that the Earth’s
carbon cycle may be out of
balance? 
Where does this extra carbon
come from? Refer to the Carbon
Cycle illustration on page 9 for
examples.

Ask your students to research what
it means when a cycle or system
is in balance.

If you need assistance, you may
wish to contact a local
environmental/natural resources
and/or forestry organization.

Discuss forest succession with the
students using your local forest and
exploring the types of forest species
in that forest as an example.

INTRODUCTION: 
Mystery of the Missing Carbon and Our Gigantic Ecological Footprint 
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Ask the students to describe forest succession using their local forest as an
example. 

If at all possible, visit a local woodland or nearby forest. Ask your students to study the
forest closely in relation to the carbon cycle and record their findings. 

Many forests will vary as you move through them. Some tree species will have little
undergrowth, while other parts of the forest will be dense.

Students can work in groups to explore these questions and can appoint a
representative to share the findings with the class at the end of the activity in the
woodlot or forest. 

For example: 
• Identify trees of different ages.
• Are there many seedlings?
• How thick is the understory of plants and shrubs growing under the taller trees? 
• What is the forest floor composed of? Is there a lot of litter such as dead leaves, twigs,
branches? 
• Are there signs of the buildup of organic, carbon-storing matter? 
• Does this forest appear to store a small or large quantity of carbon?  

LESSON PLAN (cont'd)

Carbon Footprint 
As a class, discuss the different ways we, as individuals, each affect the environment
around us. What do we need to survive (air, water, shelter, each other)? What wastes do
we produce (when we eat and breathe, to keep us warm or to cool us, to travel, to ship
our goods)? What extras do we expect from our world (trendy clothes, convenience
products, holidays, electronics, boats, etc.)? Remember to keep this discussion
appropriate to the grade level and to balance it with positive statements. For example,
remind students that while humans place demands on the planet, we also celebrate
nature through music and art. Feel free to write these ideas on the board. 

If appropriate for the class level, you may also want to mention digital carbon footprint: 
In today’s day and age, a major source of CO   emissions is digital carbon footprint.
From remote meetings, to countless apps, video games, growing social media, and so
many streaming services, the amount of electrical devices and data we generate is
growing. It is estimated that by 2040 the information and communication industry will
account for more than half of the current global greenhouse gas emissions of the
transportation sector. It is important to plan for the booming carbon footprint through
renewable energy use, tax policies and different business models.  

5

2

cif-ifc.org



Shrinking our Ecological Footprint 
Based on the discussion above, complete the chart labeled Shrinking our Ecological
Footprint. This can be done together as a class, in a group, or individually.

If appropriate for the class level, you may also want to look into the actual impact of each
change. For example, walking to school for one month will mean x km less driving and
save y litres of gas. Saving y litres of gas will save z litres of our air (burning one litre of gas
requires 8,000 litres of air). Discuss the pros and cons of each change.

Doing it! Making a commitment
Ask the students to brainstorm ideas of things they can do collectively as a class over the
next month to help the environment. From this list, have them vote to narrow it down to
the top 1-3 things/changes that can reasonably be implemented. Put these items on a
board or somewhere where it will be visible to act as a reminder of everyone's
commitment towards these goals.

LESSON PLAN (cont'd)

Using low power mode on devices
Turning off lights during bright afternoons (if reasonable)
Bringing reusable straws/spoons etc 

Examples of classroom goals could include things like:
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RESOURCES WE USE AND 
THE WASTE WE PRODUCE WAYS WE CAN IMPROVE

SHRINKING OUR 
ECOLOGICAL FOOTPRINT 

1
1
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Combustion
+5 to 7

Vegetation
Respiration

+50

Soil Respiration
+50

The carbon cycle is a natural process involving the transfer of carbon atoms to and
from the atmosphere. The numbers in this illustration represent billions of metric
tonnes. Scientists believe that the natural balance in this cycle has been altered by
human activities such as burning of fossil fuels and deforestation. Carbon is building
up in the atmosphere as a greenhouse gas (carbon dioxide) which is contributing to
global climate change. 

Forests play an important role in the carbon cycle, storing carbon in vegetation and
soils, and in taking carbon dioxide out of the atmosphere through photosynthesis. It
is important to note here that deforestation in this illustration means converting
forested lands to other uses such as agriculture, housing, etc. This does not include
managing forests through sustainable harvest and regeneration. Canada is a world
leader in sustainable forest management. 

The concept for the illustration below was retrieved and adapted from the CIF-IFC's Canada's Forests
Teaching Kit Volume 2. 

Diffusion
+100

Soil Respiration
and

Combustion
+2 

 

Ocean and
marine sediments

Deforestation
 Fossil Fuels

Vegetation, soil, and
soil organic matter

+3 Annual Increment

THE CARBON CYCLE
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Biomass: The organic matter (cellulose and lignin) produced by plants.
The term forest biomass generally refers to all of the material contained
in the trees of a forest, including all their components (roots, branches,
leaves, etc.).

Canopy: The more or less continuous cover of branches and foliage
formed collectively by the crowns of adjacent trees.

Coarse woody debris: The standing and downed dead wood in a forest. 

Conifer: Member of a group of trees commonly called softwoods or
gymnosperms. The word gymnosperm, from the Greek gymnos (naked)
and sperma (seed), means "naked-seeded." This refers to the fact that
conifer seeds are not contained in fruit tissue. The seeds are instead
borne on scales, which are grouped together to form cones. Most
conifers have persistent foliage consisting of needles or scales.

Deciduous : Member of a group of trees commonly called hardwoods or
angiosperms. The latter term comes from the Greek "angion (vessel) +
"sperma" (seed), denoting the fact that the seed is carried in a fruit.
Deciduous trees shed their leaves in autumn.

Lichen: Organism consisting of a fungus (mycellium) and an alga (green
alga cells) living in association. Lichens have a high tolerance for cold,
drought and heat. They should not be confused with mosses, which are
chlorophyll-containing plants.

Mushroom: Visible reproductive part of any of various fungi.

The definitions above have been retrieved from the Government of Canada website. 
For these and more forestry related definitions, visit the following link:

cfs.nrcan.gc.ca/terms#wb-auto-4

GLOSSARY
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Pole: A tree between a sapling and small sawtimber size. Size varies by
region, e.g., for boreal and eastern forests 12-20 cm dbh.

Sapling: A general term for a young tree no longer a seedling but not yet
a pole, about 1-2 m high and 2-4 cm in dbh, typically growing vigorously
and without dead bark or more than an occasional dead branch.

Sawtimber: Trees that will yield logs suitable in size and quality for the
production of lumber.

Diameter at breast height (DBH): The stem diameter of a tree
measured at breast height (1.3 m above ground level).

Snag: A standing dead tree from which the leaves and most of the
branches have fallen.

Symbiotic Association: The living together in intimate association of
two dissimilar organisms, so that the cohabitation is mutually beneficial.  

Understory: The lower level of vegetation in a forest. Usually formed by
ground vegetation (mosses, herbs and lichens), herbs and shrubs.

GLOSSARY (cont'd)

The definitions above have been retrieved from the Government of Canada website. 
For these and more forestry related definitions, visit the following link:

cfs.nrcan.gc.ca/terms#wb-auto-4
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