
STUDY GUIDE 2021

Nature-Based  
Solutions for  
Climate Change

2021

 



22021 ENVIROTHON STUDY GUIDE

Acknowledgements 
The following study guide was created by a team of students from the Ecosystem 
Management Technology Program at Fleming College. The team comprised of Nicole Bitter, 
Lisa Browning, Allie Hjort, and Stephanie Zsolnay. The purpose of the study guide is to 
provide high school students with study materials that reflect the 2021 Ontario Envirothon 
Current Issue Topic: Nature-based Solutions to Climate Change. Key topics and learning 
objectives and interspersed throughout this document and are accompanied by various 
case studies and hands-on activities. 

This study guide was produced for and edited by Forests Ontario with the support of 
Forest Ontario’s Education Outreach Coordinator Madeleine Bray, and Education Manager 
Allison Hands. 

Special thanks are also given to Sara Kelly, faculty member of the Ecosystem Management 
program at Fleming College. 

Support for the 2020 Ontario Envirothon Study Guide has been provided by:  

Acknowledgements also given to those who reviewed the study guide: 

•	 Eric Miller, Ontario Network of Ecosystem Services 

•	 Heidi Breen, The Regional Municipality of York 

•	 Jacey Moore, Alderville First Nation Black Oak Savanna

•	 Jackie Hamilton, Greenbelt Foundation 

•	 Jade Schofield, Town of Whitby 

•	 Jennifer Court, Green Infrastructure Ontario Coalition 

•	 Sean Rootham, Ducks Unlimited 



32021 ENVIROTHON STUDY GUIDE

 Table of Contents

 2021 LEaRNING ObjEcTIVES 5

  Key Topics 5

  Learning Objectives 5

 TOOLS aND RESOURcES 6

1.0  INTRODUcTION TO NaTURE-baSED SOLUTIONS 7

2.0  cLImaTE cHaNGE 8

 2.1  Anthropogenic Sources of Atmospheric Carbon 9

 2.2  Ecological Impacts 10

  2.2.1  Climate Change Impacts on Soils 10

  2.2.2  Climate Change Impacts on Forests 11

  2.2.3  Climate Change Impacts on Wildlife 11

  2.2.4  Climate Change Impacts on Aquatic Environments 12

  2.2.5  Extreme Weather Events 13

 2.3  Economic Impacts 14

 Case Study: Fort McMurray 15

 2.4  Social Impacts 17

 2.5  History of Action: Past, Present and Future of Climate Change Action 19

3.0  NaTURE-baSED SOLUTIONS 21

	 3.1		 Benefits	and	Uses 22

 3.2  Nature-based Solutions in Action 23

4.0  EcOSYSTEmS aS NaTURE-baSED SOLUTIONS TO cLImaTE cHaNGE 25

 4.1  Forest Protection, Conservation, and Management 25

  4.1.1  Forest Conservation & Protection 25

	 	 4.1.2		 Afforestation 27

  4.1.3  Assisted Migration 28

 Case Study: Alderville Black Oak Savanna: Grassland Restoration 30

 4.2  Wildlife  32

  4.2.1  Cultural Keystone Species 33

 4.3  Wetland Conservation & Restoration 34

 4.4  Peatland Restoration 34



42021 ENVIROTHON STUDY GUIDE

5.0  NaTURE-baSED SOLUTIONS TO cLImaTE cHaNGE IN aGRIcULTURE 37

 5.1  Agroforestry 37

 5.2  Permaculture 38

 5.3  Soil Health 38

6.0  NaTURE-baSED SOLUTIONS TO cLImaTE cHaNGE IN URbaN cENTRES 39

	 6.1		 Urban	Forestry 39

 6.2  Stormwater Management 40

7.0  EcONOmIc ImpacTS 42

 7.1  Sustainable Economy 42

 7.2  Ecosystem Services 43

 Case Study: B.C.’s Peace River Watershed 46

8.0  paRTNERS IN acTION: LEaDERSHIp, STakEHOLDERS aND cOLLabORaTION 48

 8.1  Indigenous Knowledge 48

 8.2  Climate Justice 49

 8.3  Nature-based Solutions in Policy 50

 8.4  Collaboration 50

  8.4.1  Ethical Space 51

  8.4.2  Two-eyed Seeing & Co-governance 51

9.0  cONcLUSION  53

10.0  GLOSSaRY  54

11.0  REfERENcES  56



52021 ENVIROTHON STUDY GUIDE

2021 Learning Objectives

kEY TOpIcS

1. Climate change and its impacts.

2. How natural systems can be used to adapt and reduce the effects of climate change.

3. The role of Indigenous knowledge in nature-based solutions to climate change.

4.  Policies, regulations, and laws that promote the use of nature-based solutions to 
climate change.

5.  The role of various levels of government, businesses, individuals, and Indigenous 
groups in implementing nature-based solutions for climate change.

6. How environmental values and goals can be incorporated into the economy.

LEaRNING ObjEcTIVES

1. Describe climate change and the process through which it occurs.

2.  Analyze the impact that climate change has on the diversity of living things  
and systems.

3.  Define and understand key terms including ecosystem services, Indigenous knowledge 
systems- (IK), afforestation, agroforestry, assisted migration, carbon sequestration, 
sustainable economy, transdisciplinary.

4. Define nature-based solutions and list their key benefits.

5.  Understand the importance of natural systems and how they can be utilized to mitigate 
climate change.

6.  Understand the role of IK in identifying climate change impacts and informing 
sustainable solutions and strategies for mitigation.

7.  Understand how regulations and laws at all levels of government can promote  
nature-based solutions and ecological services.

8.  Intersection of government, public, non-profits, Indigenous groups, and business  
in developing inclusive, efficient solutions to climate change.

9.  Describe the role nature-based solutions play in developing a more sustainable 
economy and the changes required to sustain it. 

10.  Understand how ecosystem services can be valued and the ways in which they  
are incorporated into economic plans and policy.
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Tools and Resources
The following tools and recommended resources can better help you and your team 
prepare for the Envirothon Program.

Climate Atlas of Canada - The Climate Atlas of Canada combines climate science, 
mapping, and storytelling to bring the global issue of climate change closer to home  
for Canadians. It is designed to inspire local, regional, and national action that will let  
us move from risk to resilience.

Intact Centre of Climate Adaptation - The Intact Centre on Climate Adaptation (Intact Centre) 
is an applied research centre with a national focus located within the Faculty of Environment, 
University of Waterloo. The Intact Centre helps homeowners, communities, governments, and 
businesses to identify and reduce risks associated with climate change and extreme weather 
events, such as flooding. 

NASA’s Climate Time Machine - Check out NASA’s climate time machine for visuals of sea 
ice, sea level, CO₂ and global temperature over the years and an interactive representation 
of global climate change. 

Northern Peatlands in Canada - Wildlife Conservation Society Canada has created a story 
map that will take you on a journey through the northern peatlands of Canada. 

The Nature-based Solutions Evidence Platform - This is an interactive map linking nature-
based solutions to climate change adaptation outcomes based on a systematic review of 
peer-review literature. 

An Economic Impact Assessment of the Green Infrastructure Sector in Ontario

VIDEOS

•	 Nature-based	solution	in	the	fight	against	climate	change

•	 Nature-based solutions to the hazards and impacts of climate change (animation) 

•	 Nature-based solutions for Climate Recovery

•	 IUCN:	Championing	nature-based	solutions

•	 The	teen	fighting	to	protect	Canada’s	water	–	meet	Autumn	Peltier

•	 Autumn Peltier and Greta Thunberg | Special Event | TIFF 2020

•	 Nature-based climate solutions: Canada’s huge potential

•	 Nature-based solutions: What is a Carbon Sink?

https://climateatlas.ca/
https://www.intactcentreclimateadaptation.ca/
https://climate.nasa.gov/interactives/climate-time-machine/
https://storymaps.arcgis.com/stories/19d24f59487b46f6a011dba140eddbe7
https://www.naturebasedsolutionsevidence.info/
https://www.greenbelt.ca/gio_report
https://youtu.be/CSH63qgpGoY
https://youtu.be/paVTJtgGFFU
https://youtu.be/EXInPJU6dA4
https://youtu.be/-3nobLGK02A
https://youtu.be/xqdE_7OZaqE
https://youtu.be/_h1JbSBqZpQ
https://youtu.be/nmQoixa30FY
https://youtu.be/KZ7wI1NKdus
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Climate change is a global issue with environmental, social, cultural, and economic impacts. 
It affects every ecosystem from cities to forests and as a result all sectors of business and 
research that support societal development. A changing climate and new, unprecedented 
changes in weather patterns are creating situations that natural systems cannot adapt to  
in a reasonable timeframe.

With such complex and widespread problems, society needs solutions which address these 
issues from all angles. Mimicking and utilizing nature in environmental management plans 
has been a successful approach for building sustainable and self-sufficient systems. Nature-
based approaches and outlooks on topics such as stream health, forestry, and agriculture 
are often more effective, efficient, and inexpensive at tackling environmental degradation 
than engineered solutions. This approach has grown into an area of research and application 
known as nature-based solutions. 

Nature-based solutions are a broad category of actions that work with and help enhance natural 
features to help address challenges such as a loss of biodiversity, degradation of ecosystems, 
and the impacts of climate change. Each year, there is increasingly more data that shows the 
benefits of these solutions. They alone cannot solve every problem related to climate change, 
but when used in conjunction with other practices, nature-based solutions can impart resilience 
into systems (natural or otherwise), create more adaptive systems, and mitigate the impacts  
of climate change, with the potential to sequester carbon as a side-effect.

While these solutions are commonly used in the environmental field, they are also gaining 
recognition for addressing socio-economic issues. Nature-based solutions are being 
employed across industries and nations to reduce environmental impacts and to improve 
human health and economic stability.

It is important to explore the influence of collaboration when implementing nature-based 
solutions. Without involving all stakeholders, we cannot hope to achieve the immense 
change that is needed to tackle climate issues. Incorporating Indigenous knowledge systems 
from Indigenous Peoples and others who are closely interconnected with the land is crucial. 
Countries must be held accountable for their actions and unique, locally appropriate, strategies 
should be developed to create a global front against climate change. If no action is taken, 
countries across the globe will experience, among others, degraded water supplies, reduced 
biodiversity, and increased threats to human health because of smog and increase of disease.

1.0 Introduction to 
Nature-based Solutions
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Climate change is characterized by an alteration in global or regional climate patterns. 
Throughout history, Earth’s climate has changed many times. Most climate changes are due 
to small variations in the earth’s orbit and orientation in relation to the sun which gradually 
change the level of solar radiation that the planet receives over the span of thousands or 
tens of thousands of years. 

The Earth receives solar radiation from the sun and emits infrared radiation from its surface. 
Molecules in our atmosphere called greenhouse gases (GHGs) absorb some of the infrared 
radiation and re-emit it into the atmosphere. This is called the greenhouse effect, and it 
is responsible for a relatively stable atmosphere that maintains a climate appropriate for 
supporting life. Without it, Earth would be cold and void of life.

In the last 650,000 years, there have been seven cycles of glacial advance and retreat. 
The modern climate era and the start of human civilization began at the end of the  
last ice age, approximately 11 700 years ago (NASA, 2020). The climate changes occurring 
today are a dramatic shift from these predictable patterns caused by the Earth’s orbit  
and are occurring at an unprecedented rate. It is widely accepted that these trends are  
a result of human activity.

Up until the 19th century, the only major contributors that influenced the concentration 
of carbon dioxide (CO₂) in the atmosphere were volcanoes, mineral weathering, and the 
evolution of photosynthetic plants (the latter occurring over a long geological time scale). 
In the mid-1800’s, the Industrial Revolution catalyzed human innovation and development 
with the large-scale consumption of fossil fuels such as coal, which drove the levels of GHGs 
to increasingly higher levels each successive year.  

Record-breaking temperatures from the Arctic to Australia are becoming the new reality, 
causing changes to aquatic and terrestrial systems. Emissions caused by human activities 
such as the burning of fossil fuels, land use change and waste generation have amplified 
the greenhouse gas effect. These actions have immeasurable and often synergistic 
consequences for ecological, social, and economic systems. 

2.0 Climate Change 

Climate vs Weather - 
what’s the difference?

While climate and weather  
are closely connected, the 
two are not the same. 

Weather describes the day 
to day events happening  
in the atmosphere, from rain 
to snow to a hot, sunny day. 
These are short-term changes. 

Climate describes a pattern 
of weather over a long  
period of time. Seasons are  
a common way to describe  
the climate in a location  
over the course of the year, 
but the climate also includes 
average precipitation, 
humidity, windiness, etc. This 
is a long-term trend, often 
relying on data collected 
over decades.

In short, climate is an  
average of the weather 
typical in a time and place, 
versus weather, which  
is what actually happens  
in that time and place.
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2.1 Anthropogenic Sources  
of Atmospheric Carbon
The most abundantly produced GHG emission in Canada and globally is CO₂, with methane 
(CH4) as the second. Though CO2 is released into the atmosphere in greater quantities, 
methane is 28-36 times more efficient at trapping radiation. 

Carbon dioxide is naturally present as part of the carbon cycle, but within the natural 
system, its release is balanced with its uptake from photosynthetic organisms. Excess  
CO2 is emitted into the atmosphere through human activities such as the combustion  
of fossil fuels for energy, decomposition of solid waste, and the result of some chemical 
reactions (i.e. manufacturing of cement) (Environmental Protection Agency, n.d). 

Methane is similarly a natural, but lesser, part of the carbon cycle. On a global scale, human 
activities are responsible for over 60% of total methane emissions. Despite methane’s shorter 
lifespan than carbon dioxide, it is a more potent GHG. As such, it poses a higher global 
warming threat. 

Greenhouse gases can be created or released through a variety of human activities. 
Fossil fuels and their use have been some of the greatest contributors to the increase in 
atmospheric carbon. Derived from the fossilized remains of prehistoric plants and animals, 
they have been burned to generate most energy used since the industrial revolution.  
As these fossils are carbon based like all other life on Earth, they release large quantities  
of CO₂ into the atmosphere after undergoing combustion. 

Fossil fuels have a wide variety of forms and are used for many things such as transportation, 
industry, and general household use. While efforts are being made to reduce their use in 
certain sectors, they are still ubiquitous.

Natural features, such as forests and bogs, are typically carbon sinks. The plant life in these 
ecosystems take in carbon dioxide from the atmosphere and through photosynthesis, creates 
carbohydrates necessary to grow. This carbon is then stored within the plant itself, in its roots, 
or in the resulting organic matter left behind upon its timely end. This is a key component  
to the carbon cycle. However, should these natural features degrade or undergo changes that 
impact their functionality, they can serve as carbon sources. Land-use change is a serious 
contributor to greenhouse gas emissions. 

Forests are one of the most visible carbon sinks. The conversion of forested land to agriculture 
or other human uses and natural disasters such as forest fires both lead to the release of  
CO2 and the loss of the landscape’s ability to capture and retain carbon in an inert state for  
a long period of time. 

Like forests, bogs are an invaluable carbon sink, with layers of partially decayed peat moss 
and other organic material kept underwater in an anaerobic (or oxygen-free) environment. 
As there is no oxygen, decay of organic material produces methane in these environments, 
which is subsequently trapped under layers of moss and partially decayed organic matter. 
Methane can be released through the conversion of bogs and other wetlands to create 
roads, subdivisions, and other human developments.
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Historically, temperate wetlands in Ontario have experienced high pressures from land use 
changes. There has been a dramatic loss in natural wetland area since European settlement. 
Their potential to sequester carbon in the ground has been lost to human development in 
Southern Ontario (Byun et al, 2018).

Agricultural practices such as livestock production accounts for a large amount of methane 
released into the atmosphere. Through their bodily functions, livestock animals produce 
over 40% of all atmospheric methane (Kovács et al., 2019). 

2.2 Ecological Impacts 
Changes in climate, big or small, can impact ecosystems at various levels. Individuals, species, 
ecosystems, and entire biomes can all be impacted in different ways (Bellard et al., 2012). 
As the climate changes, species must find strategies to adapt to new conditions. If changes 
occur too rapidly, plants, animals, and all living things could be unable to adapt to their new 
environments. This can lead to a decrease in population and ultimately extinction. When 
many extinctions occur in a short period of time it is referred to as a mass extinction. It is 
generally accepted that we are currently in the middle of a mass extinction, called the sixth 
extinction or Holocene extinction, caused by many of the same drivers as climate change 
and made worse by the impacts of the changing climate (Ripple et al, 2017). 

For more information on the ecological impacts of climate change, see the 2018 Ontario 
Envirothon guide to Climate Change

2.2.1 Climate Change Impacts on Soils

Soil is an important component of ecosystems that includes living (biotic) and nonliving 
(abiotic) components. It plays an important role in climate change. It can serve as both  
a GHG source and sink, especially for carbon, methane, and nitrous oxide. These gases  
are natural by-products of soil microbial processes. If the equilibrium of these processes  
is disrupted, for example because of stress/death of soil organisms from drought, the rate 
of greenhouse gas emissions could change rapidly.

Soil properties and formation can be influenced by climate through precipitation, temperature, 
and wind. These processes have impacts on soil properties and fertility (Hamidov et al., 
2018). As the climate continues to warm, soil temperatures will also increase. This increase 
in soil temperature has started the poleward retreat of permafrost from northern Canadian 
soils. As permafrost melts, carbon is released as methane (CH4) into the atmosphere 
contributing GHGs (Zhang, et al. 2012).

For more information about soil and climate change, check out “What Lies Beneath…Your 
Feet!” (Forests Ontario, n.d, b)

Holocene & 
Anthropocene

Geologic time is measured 
out in eras, epochs, and 
ages. Our current epoch, the 
Holocene, began over  
11000 years ago after the 
last glacial period. 

Recently it has been theorized 
that we have entered a new 
geological epoch called  
the “Anthropocene”; a distinct 
geological age characterized 
by the impact of human 
activities on the Earth. These 
impacts include but are  
not limited to changes to 
landscapes, ecosystems,  
and the atmosphere from 
industrialization and climate 
change. 

While this is not an officially 
recognized term, it has 
been informally used when 
discussing the massive 
impact of human behavior on 
the Earth, and is increasingly 
common in discussions 
about modern times.

https://forestsontario.ca/en/resource/2018-climate-change
https://forestsontario.ca/en/resource/2018-climate-change
https://www.forestsontario.ca/en/resource/what-lies-beneath-your-feet
https://www.forestsontario.ca/en/resource/what-lies-beneath-your-feet
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2.2.2 Climate Change Impacts on Forests

Forests are important habitats for wildlife and are vital components of the natural carbon 
cycle. How forests are utilized, managed, or conserved can play a role in climate change 
mitigation by improving the carbon storage potential.

Like other living things, forests will be affected by impacts of climate change like increases in 
air temperature, changes in seasons, and fluctuations in precipitation levels and timing. For 
example, trees and other vegetation are experiencing longer growing seasons. As climates 
shift, the composition of trees and wildlife found in the forest may favour species that are 
better suited to the changing environment. This means that different species will grow in areas 
they never have before, at the exclusion of others, impacting the overall biodiversity of the 
forest. Some of the other key impacts on forests due to climate change are:

•	 Tree growth and mortality rate (e.g. trees may grow faster, live shorter lives)

•	 Disturbance patterns (e.g. dry conditions can lead to fires; floods can kill forest stands)

•	 Stand resilience (e.g. forests may become less diverse as unfit species die off, 
making them more susceptible to pests) 

•	 Distribution of tree species (e.g. tree species may no longer be able to survive  
in the south of their range and may increase their range in the north

•	 Timing of plant flowering and seeding (e.g. flowers could be produced earlier or 
later than their native pollinators, called phenological mismatch. This could mean 
trees are not able to produce viable seeds) 

•	 Loss of cultural keystone species to local Indigenous peoples 

Some changes may be drastic and occur suddenly, whereas others will be gradual and 
occur over time. These impacts can have a cascading affect, such as insect damage causing 
die-off and providing ladder fuels that create an increased risk of wildfires and can heighten 
their intensity by allowing fire to climb from the ground to the canopy.

Indigenous and other communities dependent on forestry are the most impacted by the 
loss of timber supplies and other forest ecosystem services. There have been documented 
changes in Canadian forests due to recent climate changes, such as increased fires in the 
western boreal forest and aspen dieback in the prairies (NRCan, 2020b). 

2.2.3 Climate Change Impacts on Wildlife

Global climate change is already having significant effects on species biodiversity.  
Effects include: 

•	 Shifts in species distribution

•	 Changes on demographic rates (fertility and survival)

•	 Increased spread of zoonotic diseases

•	 Spread of invasive species (Bellard et al, 2012). 

Biodiversity

Biodiversity is a measure of 
the variety of living species 
within a specific ecosystem 
or the earth. It is measured in 
relation to species diversity, 
genetic diversity, and 
ecosystem diversity.

Check out the TED-Ed 
video Why is Biodiversity 
so Important? by Kim 
Preshoff for a more detailed 
description of biodiversity. 

https://ed.ted.com/lessons/why-is-biodiversity-so-important-kim-preshoff
https://ed.ted.com/lessons/why-is-biodiversity-so-important-kim-preshoff
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Climate change is shifting ecosystems, increasing air and water temperatures, and changing 
precipitation levels. These impacts are pushing plants and animals outside of their natural 
habitat ranges. Terrestrial mammals face considerable challenges when adapting to changes 
in their own ecosystems. Habitat loss and fragmentation isolate land mammals and create 
barriers preventing migration to more suitable climates as their natural range is upset.

Changes to climate can affect seasonality, disrupting predictable seasonal patterns that 
plants and wildlife rely on and causing an ecological mismatch. This shift in phenology has 
already disrupted the timing of plant and floral growth, the migration patterns of birds, and 
the emergence or migration of insects in the spring. Birds that depend on high-elevation 
forested habitat, migrate over long distances, and rely on coastal breeding grounds are the 
most at risk from climate change (Walsh and Servison, 2017). 

Insects and pollinators are particularly vulnerable to these seasonal shifts, as the relatively 
short lifespans of insects may no longer align with the flowers they use as food sources. 
(Cohen et al., 2018). An impact to insect life is also an impact to birds, as some species have 
been found laying eggs before there is a reliable insect population to feed their young. 
(Horton et al., 2020). 

2.2.4 Climate Change Impacts on Aquatic Environments

Aquatic ecosystems in Canada have been strongly affected by climate change. Not only  
have warming air temperatures affected these ecosystems, but radiative forcing (or  
climate forcing, the process by which the Earth receives more incoming energy from the 
sun than it radiates back to space) has created positive feedback loops that amplify  
the already harmful impacts. 

Figure 1: Bee 
collecting pollen.  



132021 ENVIROTHON STUDY GUIDE

Sea ice is a key example of a positive feedback loop in aquatic systems. Because it is white, 
it reflects more light than it absorbs (or, it has a high albedo). This contrasts the ocean, which 
absorbs sunlight and therefore heat. As temperatures in polar regions increase, more sea ice 
will melt, reducing the reflective surface area of the ice and allowing the ocean to gain area 
and absorb more heat. This increase in ocean temperatures will then lead to more melting ice, 
a greater ocean surface area, and more heat absorption in a perpetual positive feedback loop. 

Nutrient cycling in aquatic systems is dependent on water temperature. Bodies of water 
are made up of layers which are separated by temperature. These layers are divided by 
a thermocline, which is defined as the largest temperature change with increasing water 
depth. With increased temperatures due to climate change, the thermoclines may not 
exist. This would cause nutrient cycling to constantly occur, disrupting aquatic systems, 
impacting water quality, and preventing a variety of species from being able to inhabit  
and thrive in waters that they were once suited for (Forests Ontario, 2018). Rivers in Canada 
have seen an increase in summer water temperatures which causes stress on cold water 
fish species such as brook trout (Salvelinus fontinalis) (Forests Ontario, 2015). Higher 
water body temperatures mean a change in biological cycles, seasons, and biodiversity 
(Fisheries and Oceans Canada, 2018). 

Climate change accounts for increased concentration of nutrients and contaminants in 
aquatic ecosystems through desalinization, the process through which salt and minerals 
are removed from a water system through evaporation or freezing. Water movement 
through systems is impacted by temperature and salinity (i.e. colder, saltier water is more 
dense than warm fresh water). The rapid melting of sea ice decreases the salinity of the 
ocean, disrupting this system of movement with the potential to halt it. 

Coastal sea level is projected to continue rising, posing an increased risk of shoreline 
erosion and damage to coastal ecosystems (Fisheries and Oceans Canada, 2018). Sea level 
rises due to the melting of sea ice, glaciers, and ice sheets, as well as the thermal expansion 
of warming water (NOAA, 2019).

These physical changes also lead to chemical and biological impacts to aquatic 
environments. Species biodiversity and species distribution are already being affected which 
in turn impact human communities and infrastructure (Fisheries and Oceans Canada, 2018).

2.2.5 Extreme Weather Events

Extreme weather events are defined as being unusual, unprecedented, or otherwise severe. 
This can include but is not limited to prolonged periods of drought, unseasonal weather, 
and heavy downpours. Climate change has increased the frequency and occurrence of many 
extreme weather events. This is because our atmosphere is a system and changes to inputs 
in energy (heat) can lead to various changes in the amount of moisture in the air leading  
to periods of low (drought) and/or high precipitation (storms). In response to this, cities have 
needed to develop and plan stormwater management systems that can manage increased 
rainfall in hopes of preventing flooding (Forests Ontario, 2018).

Extreme weather events alone are a cause for concern, but side-effects of extreme weather 
such a forest fires are also a key concern. Forest fire seasons are lasting longer than in the 
past, and fires caused by lightning strikes have increased in frequency. These types of fires 
can be dangerous, as they can go unnoticed for longer than fires started around towns  
and cities and ultimately lead to larger fires.
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2.3 Economic Impacts 
Climate change poses multiple risks to global and local economies. Such impacts can be 
direct, such as flooding, or indirect, impacting humans by limiting the goods and services 
provided to society from damaged natural systems. In Canada specifically, the Council 
of Canadian Academies (CCA) (2019) identifies twelve major areas vulnerable to climate 
change resulting in high economic costs: 

1. Physical infrastructure

2. Coastal communities

3. Northern communities

4. Human health and wellness

5. Ecosystems 

6. Fisheries

7. Agriculture and food

8. Forestry 

9. Geopolitical dynamics 

10. Governance and capacity 

11. Indigenous ways of life

12. Water

Of these, the first six listed were determined to be most at risk. The costs related to these 
impacts include damage, insurance claims, business and supply chain disruptions, reduced 
property values, impacts on recreation and tourism, invasive species and disease control 
and lower quality and quantity of natural resources. A single event can lead to immense 
losses felt across the economy.
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Case Study: Fort McMurray 

Extreme weather events and natural disasters are a key concern for forests, especially as 
climate change is increasing their frequency and intensity over time. Forest fire seasons  
are lasting longer than previously observed and lightning-strike fires have also increased 
in frequency. As forests burn, they emit carbon they were storing, leading to increased  
CO2 in the atmosphere.

Analyzing the full economic impact of a major natural disaster is difficult as multiple 
groups may be affected, and the impacts can be endured for years after the event.  
The wildfires of Fort McMurray can be studied to better understand these impacts and  
the costs to our economy. 

Though the initial source of the Fort McMurray fires is debatable, climate change has 
increased the severity and risk associated with natural disasters such as intense wildfires 
(Chong et al., 2017). April 2016 continually broke temperature records, leading to dry forest 
conditions and extreme heat. Poor fire mitigation and oil sands expansion have also been 
documented as key factors for the fire’s intensity (Stirling, 2017). The economic costs from 
this unprecedented wildfire are widely studied and continue to be evaluated.

Fort McMurray is an area of high oil production and therefore many evaluations consider 
costs associated with this industry. In total, 7.6 million hours of work were lost in the area  
and the production of 1.2 million barrels per day ceased over a 2 week span, amounting to  
a $985 million loss in gross domestic product (GDP) (CAA, 2019; The Conference Board  
of Canada [CBC], 2016). 

Figure 2: Destruction  
due to wildfires in  
Fort McMurray. Source: 
Franson, 2016
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Within the town of Fort McMurray, 2,400 structures were destroyed, causing an insured  
loss valued close to $4 billion (Westhaver, 2017). Air pollution from the fires was found to 
impact populations within a 300 km radius (de Azevedo et al., 2016). Evacuees have reported 
respiratory health effects from the event and mental illness including anxiety/depression 
(Cherry & Haynes, 2017), post-traumatic stress disorder, and insomnia (Belleville et al, 2019). 
Human health impacts such as these put an increased strain on the health system and  
have caused a change in work status for a quarter of those affected (Belleville et al., 2019; 
Cherry & Haynes, 2017).

DIScUSSION QUESTIONS

Q1:  What were the factors and conditions that contributed to the intensity of the  
Fort McMurray wildfires?

Q2: In what ways did these wildfires affect the Alberta economy?

Q3:  Are there any other ways the economy may be indirectly affected because  
of wildfires?
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2.4 Social Impacts
Climate change causes many other issues in addition to the impacts on natural systems.  
The wellbeing of human communities is reliant on environmental stability and as such social 
issues arise or are magnified due to climate change. These impacts can be seen in all 
communities, from heavily urbanized settings to remote, resource-dependent communities. 

While often hard to quantify and recognize, social impacts should be equally considered 
and accounted for in mitigation strategies.

UNEQUaL accESS TO aDapTION

Climate change impacts the resilience of our natural systems. Developing countries and 
marginalized communities have limited access to infrastructure, financial resources, and 
technology that are needed to adapt. Colonialism, environmental racism, and exploitation 
of these communities and nations has led to more basic resource needs, like food security, 
going unaddressed. This leaves little resources for infrastructure to help adapt to climate 
change like building a sea wall to address rising sea level. These countries and communities 
often contribute small amounts of GHGs per capita to the atmosphere because they have far 
smaller consumption and waste habitats that require less fossil fuel. Yet, developing countries 
and communities are often the places most affected by the negative impacts of climate 
change (Byrd & DeMates, 2014). 

Figure 3: A resident of 
Tuktoyaktuk, NWT creates 
a makeshift barrier as 
protection against extreme 
coastal erosion. Source: 
Murray, 2019 
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Frequently climate change unfairly impacts Indigenous and remote communities in 
Canada. An example of this can be seen in Tuktoyaktuk, an Indigenous community  
in the Northwest Territories of Canada. It is situated along the shores of the Beaufort Sea, 
and is one of the six communities in the Inuvialuit Settlement Region. The community 
relies on ice road access in the winter months, meaning any impact on ice conditions 
impacts a main source of travel. The community has experienced long-term pressure on 
infrastructure and municipal services due to coastal erosion and instability of permafrost 
(see Figure 3) (Andrachuk & Smit, 2012). 

HUmaN HEaLTH aND SpREaD Of DISEaSE

With a changing climate, diseases that are typically associated with warmer locations  
may expand outside of their natural range into places where they were once unable to 
thrive. Ticks that carry diseases are a prime example of diseases spreading northwards. 
Whether they travel on migratory birds or linger on deer through the winter, difference 
species of ticks are being found increasingly further north each year. Ticks can transmit  
a wide variety of bacterial, viral, and protozoan pathogens to hosts. As the temperatures 
in the southern parts of eastern and central Canada increase, ticks have a greater ability  
to survive, reproduce, and increase in numbers. 

In Ontario, there has been a notable rise in cases of Lyme disease in recent years. Lyme 
disease is carried by black-legged ticks, or Deer Ticks (Ixodes scapularis). With climate 
continuing to warm, black-legged ticks are projected to continue spreading northwards 
through Ontario and Canada, putting the health of Canadians at risk (Bouchard et al., 2019).
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  2.5 History of Action: Past, Present  
and Future of Climate Change Action 

 TImELINE Of EVENTS

1712   The first widely used stream engine was invented by Thomas Newcomen, paving the way 
for the Industrial Revolution (BBC, 2013)

1800  The world population reached one billion (BBC, 2013)

1824  The earth’s natural greenhouse effect was described by Joseph Fourier (BBC, 2013)

1856   Eunice Foote demonstrated that water vapour and other gases create the greenhouse 
effect (Smithsonian Magazine, 2016)

1896   Svante Arrhenius stated that industrial-age coal burning will enhance the natural 
greenhouse effect (BBC, 2013)

1927   Industry and fossil fuel burning reached one billion tonnes/year of carbon emissions  
(BBC, 2013)

1960  The world population reached three billion (BBC, 2013).

1970 The global CO₂ abundance hit 325 PPM (NOAA, 2020).

1972  United Nations Scientific Conference - First Earth Summit (Stockholm). The Declaration that 
resulted from this conference established principles for preservation and enhancement of  
the human environment. It was the first time climate change was raised, warning governments 
to be mindful of activities that could contribute to climate change (Jackson, 2007).

1975   The term “global warming” was brought to the public in a scientific paper by Wallace 
Broecker (BBC, 2013).

1987   The global CO₂ abundance reached 350 PPM (NOAA, 2020). The Montreal Protocol was 
signed by Canada September 16, 1987, an international agreement ensuring the protection 
of the earth’s ozone layer by phasing out ozone-depleting substances (Environment and 
Climate Change Canada, 2019a).

1988  Intergovernmental Panel on Climate Change (IPCC) - created by the World Meteorological 
Organization (WMO) and the United Nations Environment Programme (UNEP), the IPCC’s 
objective is to provide all levels of government with scientific information to help develop 
climate policies (IPCC, n.d).

1989   Industry and fossil fuel burning contributed 6 billion tonnes/year of carbon emissions  
(BBC, 2013).
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1994  The United Nations Framework Convention on Climate Change (UNFCCC) entered  
into force on March 21, 1994. The goal of the Convention was to stabilize greenhouse  
gas concentrations at levels that would prevent dangerous anthropogenic interference 
with the climate system. Today, almost all countries are parties to the Convention 
(UNFCCC, n.d.,a).

1997   The Kyoto Protocol was adopted on December 11, 1997. Due to a complex ratification 
process, it entered into force on February 16, 2005 (UNFCCC, n.d.,b). The Kyoto Protocol  
was the first agreement between nations to establish country-by-country reductions in  
GHG emissions.

1999 The world population reached 6 billion (BBC, 2013).

2006  The global CO₂ abundance reached 360 PPM (NOAA, 2020). An Inconvenient Truth was 
released, a film that helped move international public awareness of global warming (The 
Climate Reality Project, 2017).

2008  The term “Nature-based Solutions” appeared in a report by the World Bank (Cohen-
Shacham et al., 2016).

2015  The Paris Agreement is adopted by consensus at the 21st Conference of the Parties 
(COP) and signed in 2016. This agreement builds upon the UNFCCC and its central aim is to 
strengthen the global response to climate change with a target of keeping the increase in 
global temperature below 2 degrees Celsius (UNFCCC, n.d.,c).

2019   In September 2019, a record of 7.6 million people took to the streets in a youth-led strike  
for climate action (Global Climate Strike, 2019).

2020  The world population is over 7 billion (Worldometer, 2020) and the global CO₂ abundance  
is 414 PPM (NOAA, 2020).  



212021 ENVIROTHON STUDY GUIDE

With the growing concern of climate change and its impacts, there is a need to implement 
more environmentally aware practices. One opportunity for addressing the climate  
crisis is to use nature-based solutions (NbS). The International Union for Conservation 
of Nature (IUCN) defines nature-based solutions as “actions to protect, sustainably 
manage, and restore natural or modified ecosystems, that address societal challenges 
effectively and adaptively, simultaneously providing human well-being and biodiversity 
benefits” (Cohen-Sacham et al., 2016). 

When used in conjunction with a sustainable economy and policy changes, nature-based 
solutions can help mitigate the impacts of climate change and allow systems to adapt.

3.0 Nature-based 
Solutions 

Figure 4: Nature Based 
Solutions at a glance 
(IUCN, 2016).
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3.1 Benefits and Uses
Nature-based solutions are cost-effective as they use natural systems, either pre-existing 
or restored, to deal with climate change impacts. These solutions provide ecological and 
socio-economic benefits simultaneously and build resilience and stability within systems 
(Raymond et al., 2017a). 

ENVIRONmENTaL bENEfITS 

There are many direct and indirect benefits to be gained from nature-based solutions. A 
goal of these solutions is climate change adaptation and mitigation, where the impacts from 
climate change are easier to overcome and/or lessened in the targeted areas. A side-effect 
of putting these solutions in place can be carbon sequestration and the removal of GHGs 
from the atmosphere. While not the ultimate goal of nature-based solutions, reducing total 
GHG emissions may contribute to slowing rates of warming. 

Terrestrial and aquatic ecosystems play an integral role in the global carbon cycle, and 
when properly preserved act as carbon sinks and stores. By capitalizing on these benefits, 
nature-based solutions can address extreme weather and disturbance events, protect 
biodiversity, regulate ecosystems, support livelihoods, and supply goods and services that 
are able to drive sustainable growth (IUCN, 2016).

In general, nature-based solutions rely on the effective integration of healthy natural areas 
in and around where people need them. By protecting and investing in nature, ecosystem 
functions are better supported. An increase in species survival leads to greater biodiversity 
and species richness which makes these systems more resilient. Nature-based solutions 
provide a means for nature and humans to become resilient to climate by mitigating future 
impacts and stress while adapting to current changes (Raymond et al., 2017b).

SOcIaL bENEfITS 

Nature-based solutions can have co-benefits related to physical, social, and mental health 
through increased access to green space, reduction of urban heat island effect and increased 
economic opportunities, to name a few.

When implemented at a local-level, nature-based solutions can increase a community’s 
sense of ownership and connection to natural areas. Involving those who are directly 
impacted by the problem, increases understanding of nature and climate change impacts  
in addition to providing a means for communities to gain new skills and better support  
their well-being and prosperity. These interactions provide opportunities to build trust, 
tolerance, and respect between groups of people. Nature-based solutions, if designed  
right, could reflect the needs and interests of social groups who are typically excluded 
(Raymond et al., 2017b).
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EcONOmIc bENEfITS 

Investing in nature-based solutions promotes job creation in green infrastructure and 
ecosystem restoration. This can include construction, delivery, maintenance, monitoring, 
and analysis of solutions (Raymond et al., 2017b). By addressing climate change through 
nature-based solutions on a large scale, we could reduce the frequency and magnitude of 
natural disasters occurring in the world. The impacts of natural disasters cost billions, and 
include repairing damages and providing relief for the people and businesses affected. In 
2019, severe weather such as rain, snow, flooding, and windstorms, cost Canada $1.3 billion 
in insured damages (Abedi, 2020). This made 2019 the 7th most costly year in Canadian 
history (Abedi, 2020). Using nature-based solutions to minimize natural disaster impacts will 
not only reduce relief costs but allow this money to be put to good use elsewhere.

3.2 Nature-based Solutions in Action     
Nature-based solutions can be powerful tools in the fight against climate change by 
adapting to and mitigating the impacts of dramatic global changes. It is a broad field in 
which there are always new studies and data being made available on various nature-
based solutions, whether they focus on forests, watersheds, or engineered urban centres. 
The beauty of nature-based solutions is in just how many services they can provide at 
once. Allowing a system to better adapt to the impacts of climate change is never the sole 
result of implementing a nature-based solution, but it is the focus of this guide.

Determining how to prioritize nature-based solutions and where to focus efforts requires 
a great deal of consideration, such as a vulnerability assessment, modelling of potential 
scenarios, and feedback from the local community to find a way forward. 

Figure 5: A diagram 
showing the multiplicity 
of relationships between 
people and nature 
(IPBES, n.d) NaTURE fOR NaTURE

Intrinsic value of nature 
Space allocated for nature

NaTURE aS cULTURE

Living in harmony 
people one with nature

NaTURE fOR SOcIETY

Nature’s benefits to people 
Ecosystem services
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Assessing risks and vulnerabilities to climate change in a community is a key step that can 
help identify current climate change risks and determine what future challenges may be. 
This assessment cannot focus solely on how climate change will impact the environment 
but must also look at the region’s potential to adapt and how the climate interacts with 
socio-economic issues. (Climate-ADAPT, n.d)

Modelling potential scenarios is the next step once the vulnerabilities of a system  
have been analyzed. This modelling determines the potential benefits that different types  
of natural infrastructure would impart on the area in question. For example, if the local  
area is at risk of flooding, a model will help determine if a wetland of a given size would be  
able to reduce the flood risk on its own, or if a secondary measure such as building a sea 
wall or relocating houses would also be required. 

Working with local communities to determine a way forward can and should be done in  
a democratic process and can use tools to help visualise trade-offs of different scenarios.  
By providing local stakeholders with information on the pros and cons of various scenarios 
and potential adaptive measures, they will have a chance to understand and accept the 
proposed solutions and reach a consensus on how best to address their needs (Adem Esmail  
& Geneletti, 2018).

While nature-based solutions can be used in all settings, there are difference in how issues 
in each may be addressed. In the following three sections, this guide will showcase some  
of the considerations and solutions being put in place in conserved or restored ecosystems, 
agricultural land, and urban environments. 
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Protecting, monitoring, and restoring ecosystems are the most common nature-based 
solutions, as the concepts of conservation and restoration are universal. Whether a forest  
is planted in a fallow field, or an animal’s territory remains protected and uninterrupted, 
natural ecosystems are the ultimate nature-based solution.

4.1 Forest Protection, Conservation,  
and Management
Forests are a stabilizing force for the global climate. As both a source and sink of greenhouse 
gas emissions, their role in climate change is double edged. Forests are one of the most 
important solutions to addressing climate change. Approximately 2.6 billion tonnes of CO₂ are 
absorbed by forests each year, which is approximately 1/3 of all CO2 emissions released  
over the span of an average year (IUCN, 2017a). 

Forests need to be protected and maintained when possible, restored when necessary,  
and created where needed. Examples of how forests can help mitigate climate change can 
be seen through examples of forest protection or restoration, afforestation, agroforestry, 
and urban forestry. 

4.1.1 Forest Conservation & Protection

Forest conservation is the range of activities, tools, and approaches that are used  
to achieve forest health and biodiversity objectives including managed forests where 
harvesting occurs. These activities are set out in sustainable forest management  
plans and are enforced by law. Conservation efforts may be in the form of provincial 
guidelines that forest companies must follow such as retaining trees used by wildlife 
during harvesting, creating a mix of tree species type and age, and ensuring that 
sections of the forest remain connected to maintain wildlife habitats (NRCan, 2020c). 

4.0 Ecosystems as 
Nature-Based Solutions 
to Climate Change
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Forest protection often refers to the legal, permanent protection of forested lands. This 
can be in the form of protected areas such as parks that do not permit industrial activities, 
such as logging (NRCan, 2020c). The expansion of protected areas, including Indigenous 
land, privately owned land, and conservation areas should be done in ways to enhance 
the landscape’s resilience and help to stabilize and store carbon, and the decisions 
about these protected areas must be undertaken in partnership with, or lead by, local 
communities (IUCN, 2017a).

Ontario’s Greenbelt consists of 2 million acres of lands that are protected from development. 
The Greenbelt is composed of forests, wetlands, and agricultural lands that sequesters 
$51.94 M worth of carbon per year (Friends of the Greenbelt Foundation, 2016). These lands 
have been protected since 2005, providing permanent protection to the ecological and 
hydrological features and functions in Ontario’s Golden Horseshoe from urbanization and 
other negative impacts. There are two major components to the Greenbelt – the agricultural 
system and the natural system. The natural system, composed of terrestrial and aquatic 
components, provide a wide range of ecosystem services to the communities that dwell in 
and around the Greenbelt (Government of Ontario, 2017).

Figure 6: A map showing 
the extent of the Ontario 
Greenbelt (Friends of the 
Greenbelt Foundation, 2016)
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4.1.2 Afforestation

Afforestation is the conversion of croplands and marginal land into forests, or the 
establishment of trees on land that has not been forested for at least 50 years. In addition 
to their ability to sequester carbon, planted forests can purify the air and water, protect 
from erosion, provide wildlife habitat, and regulate a microclimate within the forest. In 
Ontario, afforestation has been implemented by different agencies and research groups 
including the Ontario Ministry of Natural Resources and Forestry, Canadian Forest Service, 
and the University of Guelph’s Department of Food, Agriculture & Resource Economics 
(Gale et al., 2013). 

The 50 Million Tree Program is a tree planting program run by Forests Ontario. This program 
reduces the cost of large-scale tree planting for landowners, providing them with both 
financial and technical assistance to increase forest cover on their land. Landowners who 
have been involved with this program are able to increase the value of their land, improve 
soil quality, enhance recreational opportunities, increase wildlife habitat, and improve the 
health of their local environment. Forests Ontario works with more than 80 partners to deliver 
the program, including private tree nurseries, conservation authorities, stewardship groups, 
Indigenous communities, forest consultants and municipalities (Forests Ontario, n.d.,a).

Figure 7. The number of 
trees planted throughout 
various locations in Ontario 
through the 50 Million Tree 
Program. Source: Forests 
Ontario, n.d,a 
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By the Numbers:

•	 As of 2019, Forests Ontario has planted more than 30 million trees through  
the program and produced 15,500 hectares of new forest areas (Figure 7).

•	 The trees planted through the program now sequester over 22,000 tonnes  
of carbon each year

•	 The forests planted to date under the program now generate over $83 million  
in annual ecosystem services (i.e., pollination, recreation, water supply regulation, 
and aesthetics)

•	 The 50 Million Trees Program supports more than 300 full-time seasonal jobs  
in Ontario annually (Forests Ontario, n.d.,a)

4.1.3 Assisted Migration

Climate change is forcing plants and animals rapidly adapt to new conditions or migrate 
elsewhere. As the climate is changing rapidly some species or populations may not 
have the ability to adapt to their new conditions in a reasonable timeframe (Forest Gene 
Conservation Association, 2019).

Assisted migration is the human-assisted movement of plants or animals to more climatically 
suitable habitats, generally northwards or to a higher altitude where site conditions may  
best suit their needs. This strategy can be used to maintain stand health and productivity and 
meet conservation goals to save a species from an increasingly unsuitable climate and habitat 
(NRCan, 2020a). By planting trees and other plants outside of their original range, the plants 
are ensured a chance to thrive for a longer period time and generate seeds for successful 
future generations of plants (Forest Gene Conservation Association, 2019). 

An assisted migration trial has been conducted at Lemoine Point in Kingston, Ontario.  
Figure 8 shows the current climate of the Lemoine Point Trial, indicated by the star,  
in comparison to greater eastern North America. Areas shown in red have a similar climate 
to the trial site, including factors such as growing season length, winter precipitation,  
and temperature. The triangles represent the seed sources considered for the trials, and  
the circles show other locations of assisted migration trials (NRCan, 2020a). 
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Figure 8: Assisted 
migration trial climate 
analysis and seed source 
selection at Lemoine Point, 
Kingston, Ontario in seed 
zone 36. Map produced 
using the NRCan GIS Tool - 
Seed Where (Forest Gene 
Conservation Association, 
2019). 
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Case Study: Alderville Black Oak Savanna: 
Grassland Restoration 
The Alderville Black Oak Savanna (ABOS) is a nature preserve located in Alderville First 
Nation, Ontario (Figure 9). Its mission is to preserve, restore, and expand rare grassland 
habitats and provide a site for research and education. The ABOS values the local 
Indigenous Knowledge of Alderville First Nation community members to ensure that 
appropriate management strategies are used. 

The Black Oak Savanna site supports two types of endangered grasslands: tallgrass prairie 
and oak savanna. These types of grasslands once spanned across eastern North America 
and were maintained by Indigenous communities until European colonizers began to 
convert the land for agricultural use and restricted the use of fire for prescribed burns. As  
of 2019, less than 3% of these habitats remain in Ontario. Their protection and restoration  
are important as they act as carbon sinks and provide habitat to many endangered species. 

These habitats are well adapted to natural disturbances. The Alderville Black Oak Savanna 
undergoes controlled burns to preserve these ecosystems. The fire acts as a rejuvenating 
force, burning off dead plant material that has not been broken down by microorganisms 
and releasing the stored nutrients back into the soil for new plants. This creates space for 
dormant seeds to germinate, allowing for a new generation of grassland plants to rise from 
the ashes (Odolczyk, 2019). 

Tallgrass environments act as carbon sinks, able to sequester 1.7 metric tons of CO₂ per 
acre, per year on average. Based on this calculation, ABOS can sequester 91.8 metric 
tons of CO₂ per year. Unlike forests, where the bulk of the plant material is above ground, 
grasslands have extensive root systems that store considerable amounts of carbon. 
Compared to a forest fire, a grassland fire will release less CO2 into the atmosphere and 
instead keep it stored underground.  (Alderville First Nation, 2016). 

ABOS uses many practices to establish species-at-risk habitat. These include gathering  
and planting seeds to turn agricultural fields into tallgrass prairie habitat, connecting 
oak and pine savannas, constructing snake hibernacula, and breeding rare plant species 
(Odolczyk, 2019). Over 800 species have been documented at the ABOS site. By restoring  
these rare ecosystem habitats, it provides habitat for species at risk such as grassland  
birds or pollinator species. The Eastern Meadowlark (threatened) (Figure 10) and the Mottled 
Duskywing (Endangered) are known to use the ABOS as habitat. 

Figure 9. The Alderville 
Black Oak Savanna, 
native grassland habitat in 
Ontario (Alderville Black 
Oak Savanna, 2019).
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DIScUSSION QUESTIONS

Q1: How can controlled burns restore grasslands?

Q2.  Why is IK important for the preservation of natural ecosystems? Why is it  
important to combine Indigenous and Western knowledge systems when  
restoring ecosystems? 

Q3.  What are the differences between grassland and forest carbon sequestration,  
with regards to ecosystem restoration? In your opinion, which habitat type is  
more efficient at sequestering carbon?

Figure 10: An Eastern 
Meadowlark at the 
Alderville Black Oak 
Savanna (Alderville Black 
Oak Savanna, 2019).
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4.2 Wildlife
As the climate is changing, the environment is being altered in substantial ways that 
impact wildlife. Many species are at risk to the impacts of climate change. Species may 
move or adapt, though the speed of adaptation might not match the speed at which 
their habitats are changing. Wildlife and their habitat play a critical role in ecological and 
biological processes essential to all life on Earth. Processes such as pollination, seed 
dispersal, germination, nutrient cycling, waste breakdown, soil generation, and pest 
control are all key to the maintenance of healthy habitats (Egan et al., 1995). By protecting 
habitats, we are also protecting the ecosystems that support human well-being and  
our economies.

Wildlife provides countless ecosystem services. Through the protection of wildlife habitat, 
both the plants and animals living within the habitat and the climate are also protected. 
Climate and biodiversity loss are undeniably linked - one cannot be solved without the other. 
Biodiversity needs to be maintained to stabilize the climate, but to maintain biodiversity,  
the climate needs to be stable (Bittel, 2019). Examples of how wildlife can be incorporated  
into nature-based solutions include: 

pOLLINaTORS

Pollinators ensure the reproductive success of plant species and the survival of wildlife 
that depend on those plants for food and shelter. They provide billions of dollars’ worth 
of ecosystem services to the North American economy. Limiting the use of neonicotinoid 
pesticides, creating pollinator habitat, and planting native species can help to protect  
pollinators and the critical services they provide (Ontario Nature, 2020). 

WOODLaND caRIbOU

The cold temperatures of the boreal habitat of Woodland Caribou allow for a slow rate of 
decomposition, which creates carbon-rich soils. As such, the boreal forest can store a large 
amount of carbon in more than just the trees. If these forests are logged or developed, 
their ability to absorb carbon is either lost or reduced, and carbon is released upon the 
damage to the forest (CPAWS, n.d). By protecting caribou habitat, not only do the caribou 
benefit, but the carbon stored in those regions is maintained.

bIRDS

Birds provide many ecosystem services including pollination, seed dispersal, insect 
control, and generally act as ecosystem engineers (Whelan et al., 2008). The protection 
and restoration of bird habitat is a win-win situation for both the birds and the climate 
(Birds Canada, 2020). For example, waterfowl and water birds can transport a host of 
organisms from wetland to wetland, including frog eggs, insect larvae, aquatic plant 
seeds, and fish. This transportation of species can help establish restored wetlands as 
biodiverse ecosystems, diversify the gene pool, and even allow for the expansion of 
species’ ranges northward as the climate changes (Rae, 2020). 
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4.2.1 Cultural Keystone Species

Cultural keystone species support the survival of many individuals, and as a result should 
be given the same weight as species at risk when making management decisions. Though 
these species play a key role in ecosystem function, resource planners may lack the 
understanding of how the removal of even a single cultural keystone species can have 
significantly negative impacts on the cultural and daily survival of Indigenous peoples.

An example of a cultural keystone species is white birch (Betula papyrifera), as it is the 
primary material used in the construction of birch bark canoes.  First Nations people have 
historically relied upon these canoes for activities such as travel and hunting and have an 
important role in their cultures. Depending on the geographical location of where a canoe 
is crafted, up to 14 different plant species can be used to form a single canoe. If one of 
those species is missing from the local ecosystem, then the livelihoods or daily survival  
of people living in that area would be impacted. 

Figure 11: This paper  
birch, or white birch tree 
(Betula papyrifera) stands 
out in a forest of brown 
trees. After many years, it 
may have suitable bark to 
make a canoe.  

A keystone species is an 
organism that has a 
large effect on its natural 
environment and holds 
that ecosystem together. 
Without its keystone species, 
the ecosystem would be 
dramatically different and 
may cease to exist. 

In comparison, a cultural 
keystone species is a species 
with exceptional significance 
to a culture or people. They 
play a fundamental role in 
the diet, materials, medicine, 
and/or spiritual practices of  
a culture.
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4.3 Wetland Conservation & Restoration
Wetlands are valuable ecosystems that contain some of the most diverse habitats and broad 
range of biodiversity. These are lands that are covered by shallow water (either seasonally  
or permanently), or where the water table is close to or at the surface. The soils in these 
environments are waterlogged, favouring the growth of water loving or water tolerant plants.  
(OMNRF, 2017). From the peatlands, bogs, and fens in the north to the swamps and marshes 
spread about the southern end of the province, Ontario’s wetlands provide valuable ecosystem 
services that citizens depend on for their health and wellbeing such as greenhouse gas 
sequestration, climate moderation, flood control, water quality, and general recreational value  
(Tozer, Steele, and Gloutney, 2018). As transitional habitats between terrestrial and aquatic 
systems, these hotspots of biodiversity contain a host of plants, insects, amphibians, fish, birds, 
and other animals unique to their conditions. Many rare species or species at risk can be found 
in wetlands. There are 350,000 square kilometers of wetlands in Ontario, which accounts for 
approximately 25% of wetlands in Canada (OMNRF, 2017).

Wetlands play a crucial role in maintaining natural cycles (carbon, nutrient, and water cycles) 
and climate systems. They can clean water, regulate temperature, reduce the heat island 
effect, slow the impacts of drought, and reduce flood and erosion risks – all critical in adapting 
to and mitigating the effects of climate change (OMNRF, 2017). Restored wetlands can also 
increase the amount of carbon stored in the landscape, especially in peatlands where dead 
plant matter is stored under waterlogged conditions, unable to fully decompose (Byun et al, 
2018). It is estimated that peatlands in northern Ontario sequester about a third of Ontario’s 
total carbon emissions each year.

Protecting and restoring wetlands (wetland conservation) strengthens biodiversity across 
the landscape and provides resiliency to environmental changes such as water quality and 
quantity impacts.  An example of a wetland conservation plan focused on wildlife is the 
North American Waterfowl Management Plan (NAWMP), designed to conserve wetlands 
and upland habitats for migrating and breeding waterfowl (i.e. ducks, geese, swans) 
(NAWMP, 2012).  While this plan focuses on waterfowl, there are dozens of non-waterfowl 
marsh-breeding birds such as grebes, bitterns, terns, and rails in addition to various 
amphibians that also benefit from this conservation effort.

The natural flood management services provided by wetlands is an important topic in the 
field of nature-based solutions. Wetlands can be a cost-effective complement to traditional 
infrastructure designed to protect communities from flooding while increasing grey 
infrastructure life cycle.  By incorporating this natural infrastructure into flood and asset  
management plans, Ontario municipalities can plan for a future more resilient to increased 
flooding events (Page et al., 2020). For more information of natural infrastructure in 
stormwater management plans, see section 6.2. 

4.4 Peatland Restoration
Peatlands are a type of wetland that cover 12% of Canada’s land surface, and 3% of  
the earth’s surface (Tarnocai, 2009). A healthy peatland typically has a high-water table, 
moisture content, and acidity, with low oxygen and nutrient availability as most of  
the ecosystem is submerged in an anaerobic environment underwater. These conditions  
allow for a unique community of plants, consisting primarily of mosses and vascular 
plants that cannot be found in other ecosystems (Minayeva & Sirin, 2012). 
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Sphagnum moss, commonly known as peat moss, is a dominant vegetation of peatlands 
that supports the buildup of soil over thousands of years reaching depths over 5 meters. 
Peatlands are responsible for the storage and sequestration of 30% of the world’s soil 
carbon (Burns Bog Conservation Society, 2019). Some plants in peatlands also absorb heavy 
metals from water, providing invaluable water purification services. Peat soil is also very 
absorbent – it can act like a sponge to reduce flood risks and provision water in times of 
drought (Canadian Wildlife Federation, n.d.). 

Humans have exploited peatlands all over the world for agriculture, forestry, and urban and 
industrial development. Peat has also been used as an energy source, as dried bricks are 
carbon-rich and can burn for extended periods of time. To extract peat, peatlands must be 
drained. During this process, peatlands become a source of GHG emissions as both carbon 
dioxide and methane are released. Restoration work is conducted all over the world by 
rewetting peatlands in hopes that the CO₂ emissions released during peat extraction can be 
offset by restoring carbon storing potential and will continue to have long-term benefits of 
carbon sequestration (Burns Bog Conservation Society, 2019).  

Burns Bog is a peatland covering 3,000 ha of the Fraser River Delta in British Columbia 
(D’Acunha et al., 2019). Burns Bog was disturbed by peat mining and agriculture in the  
1950s and 1960s, where half of the sphagnum mosses that had built up over 3000 years 
were destroyed. Other damages included surrounding development and the construction  
of Highway 91 in 1986, cutting directly into the bog and harming the bog’s water table. 

In 2004, four levels of government came together to purchase 2,025 ha of the land. The 
following year, Burns Bog was officially designated as an Ecological Conservancy Area 
(Burns Bog Conservation Society, 2019) and has been in the process of restoration ever 
since (D’Acunha et al., 2019). 

Figure 12: Dam used 
in ecohydrological 
restoration of Burns Bog, 
British Columbia, Canada 
(Society for Ecological 
Restoration, n.d.)
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Restoration of Burns Bog involved reflooding the peatland by implementing a large-scale 
ditch blocking program. This reduced the amount of water drained from the bog and 
maintained the high-water table necessary to accumulate peat and grow sphagnum moss 
(Dilley, 2014). The rewetting recreated the anaerobic environment that the peat soil originally 
dwelled in, which decreased the rate of peat organic matter oxidizing, reducing the amount 
of CO₂ released into the atmosphere (Knox et al., 2014). 

A study conducted on the bog from 2016-2017 found that there was a net increase in carbon 
stored in the bog over the year, and that the CO₂ uptake was highest in warmer temperatures 
(D’Ancunha et al., 2019). This shows that peatlands can be restored to act as carbon sinks, 
prevent CO₂ release, and provide habitat for wildlife.  

DIScUSSION QUESTIONS 

Q1:  Why is assisted migration being used as a solution to climate change? What is  
an example of a location where assisted migration would be beneficial?

Q2:  As a new concept/practice, what do you think some of the risks of using assisted 
migration are?

Q3.  How can Indigenous and Western systems of knowledge work together to develop 
holistic solutions to climate change?

Q4:  Protection of wildlife is often a co-benefit of nature-based solutions to climate change 
projects. Give an example of how nature-based solutions can protect wildlife.

Q5:  Describe how forests, grasslands, and wetlands store carbon. In what ways are they 
similar or different? Which ecosystem has the greatest carbon storage capacity? 
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While preserving and restoring ecosystems is commonly viewed as the ultimate  
nature-based solution, it cannot be extended to arable land being used to grow important 
crops necessary to feed our communities. The demand for locally sourced foods and  
the maintenance of Ontario’s agricultural industry requires that farmland remains as such. 

Though managed, agricultural lands provide a host of ecosystem services of their own, 
including stormwater retention and runoff control, water filtration, and pollination (Ontario 
Federation of Agricultural and Environmental Defense, 2015). Areas such as the Greenbelt 
found in southern Ontario are protected and maintained to support long-term agricultural 
activity and economic support while also serving as a natural space. 

There are areas in which agricultural practices can be modified or improved to provide a 
greater benefit to their surrounding areas. In this section, some methods of using agricultural 
lands in nature-based solutions are presented, though the list is not exhaustive. 

5.1 Agroforestry 
Agroforestry is characterized by the merging of cropping systems and tree plantations  
in the same area for both positive environmental effects and net economic return  
(Abbas et al., 2017). By planting or maintaining woody plant species through agroforestry,  
it is possible to capture and reduce emissions from the agricultural landscape. In  
Canada, common systems such as shelterbelts, hedgerows, and silvopasture are seen 
in the prairies and alley cropping is used in Eastern Canada (Baah-Acheamfour et al., 
2017). For more information about Agroforestry techniques refer to section 5.0 of the 
2019 Current Issue Guide: Agroecology. 

5.0 Nature-based 
Solutions to Climate 
Change in Agriculture 

https://www.forestsontario.ca/en/resource/2019-agroecology
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5.2 Permaculture
Like agroforestry, permaculture also takes a holistic approach to agriculture and society. 
Applicable in both urban and rural contexts permaculture principals focus on diversity, 
sustainability, resilience, and the incorporation of ecosystem services into thoughtful 
planning. Permaculture techniques have been used to manage stormwater, prevent erosion, 
and improve soil health often using natural solutions or systems such a perennial crops and 
swales (Friends of the Greenbelt Foundation, 2018).

5.3 Soil Health
Intense agricultural farming practices can degrade soil conditions and reduce their capacity 
for storing carbon. Historic losses of soil carbon due to agricultural activity around the world 
are massive, ranging from 55 to 78 gigatonnes globally. In Canada, 93.4 million ha of cropland 
has depleted pools of soil organic carbon (SOC). This loss of carbon is related to the removal 
of tree cover and the intense tilling of land for crop cultivation. 

SOC pools are created by the breakdown and digestion of organic matter in the humus 
layer. In fields and pastures filled with photosynthetic plants, the remnants left behind after 
harvest, such as the roots, stems, chaff, and leaves, feed the microbial community living  
in the soil. These communities in turn leave behind any excess nutrients and stored carbon 
in the soil, for the nourishment of future crops. The SOC pool that is in the uppermost  
layers of soil increases as organic materials are added, but the microbes are sensitive to 
disturbances. Over time, the carbon stored in the soil can move into deeper soil layers 
through an accumulation of new materials and is thus more securely stored away from the 
immediate effects of weathering or tilling. 

Canadian naturalized grassland projects (about 12.2 million ha in 2018) act as carbon  
sinks when managed properly and are at or near their carbon sequestration potential 
(Wood-Bohm, 2018).
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Urban centres with large populations stand to benefit from nature-based solutions, not 
only due to the issues presented by relying solely on grey infrastructure, but also because 
of the number of people that will be impacted by climate change in densely populated 
areas. Often, these areas have high demands for greenspace to be available for public use, 
particularly in southern Ontario. As the population increases, this demand continues to  
grow (Green Infrastructure Ontario, 2019). 

Large natural areas around cities can provide critical services to the population, such as  
the Greenbelt or other undeveloped land. Within cities, smaller-scale nature-based 
solutions can be utilized. Innovations such as green roofs, urban parks, and street trees can 
provide important services by cooling neighbourhoods, helping to manage stormwater 
onsite, and providing connections to nature in cities.  

Cities are generally much hotter than surrounding rural areas due to the replacement  
of vegetation with hard surfaces such as asphalt and concrete. These modifications  
create what is known as an urban heat island, as man-made structures typically absorb 
solar radiation and therefore cause surface temperatures and overall ambient temperatures 
to rise. The impact of heat is a silent one, as it affects the human body much more than 
the built environment, but it is not immediately visible like a natural disaster might be. 
A solution to the urban heat island effect is to increase tree cover and natural spaces, as 
vegetation can naturally cool cities by shading surfaces and cool through evapotranspiration. 
Reforestation efforts in suburban neighbourhoods have been shown to make it feel up 
to 11 °C cooler during a heat wave, reducing the stress on people in the neighbourhood. 
(Greenbelt Foundation, 2020) 

6.1 Urban Forestry
Urban forests are an asset for communities across Ontario. Large, healthy trees and shrubs 
impart many benefits in an urban landscape, from improving air and water quality, conserving 
energy, reducing noise pollution, improving wildlife habitat, reducing temperatures, increasing 
property value, and aiding the psychological well-being of those living around these lush 
landscape features. Urban forests are a part of the larger community complex and are critical 
parts of infrastructure that has multiple uses and benefits, versus infrastructure such as road 
that, while also critical, have a single purpose. 

6.0 Nature-Based 
Solutions to Climate 
Change in Urban Centres
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Urban forestry as a field of study began in Ontario, with research being conducted at the 
University of Toronto in 1965. Over time, there has been an increased understanding  
of the benefits that urban forests can impart, and that policies and practices must be put in 
place to properly manage them. Municipalities have a responsibility to provide for their citizens, 
but the management of urban forest falls also on the shoulders of private citizens, institutions, 
industry, and provincial and federal governments (Green Infrastructure Ontario, 2016).

Many cities in Ontario are now applying a climate lens to their policies and are creating 
climate change plans. The Climate Change Master Plan in Ottawa, for example, has  
an overarching goal to reduce greenhouse gas emissions and respond to the current 
and future effects of climate change. Within this Master Plan, Ottawa has recognized 
the value of carbon sequestration in both the city’s Urban Forest Management Plan and 
the Significant Woodlands Policy. Nature-based solutions using carbon sequestration 
methods are described as being complementary to the actions needed to mitigate climate 
change and transition away from fossil fuels. The nature-based solutions outlined in the 
plan include understanding and quantifying the climate benefits of trees, forests, and 
wetlands to support the active management of these features (The City of Ottawa, 2019). 
Initiatives include:

•	 Inventorying forests as carbon sinks 

•	 Monitoring and evaluating changes in carbon in agricultural soils 

•	 Mapping wetlands as functioning carbon sinks 

•	 Preserving existing natural heritage systems wherever possible

•	 Exploring carbon market options

To make these initiatives possible, varying partner collaborations are necessary. These 
partners include: 

•	 Federal: National Capital Commission and Agriculture Canada,

•	 Provincial: Ontario Ministry of Agriculture, Food, and Rural Affairs and Ministry  
of Natural Resources and Forestry,

•	 Institutions; Carleton University, University of Ottawa, and local conservation 
authorities (The City of Ottawa, 2019).

6.2 Stormwater Management  
With climate change, there is an increased risk of heavier rainfall. After such weather events, 
the precipitation that builds up on the ground (stormwater) accumulates and cannot be 
absorbed by soil due to roads, pavement, or other grey infrastructure that is covering the  
ground. While on the ground, the accumulated stormwater becomes contaminated by 
waste that it encounters (such as cigarette butts, pet waste, oils, and other fluids that have 
leaked from vehicles). Both the loss of permeable surfaces in urbanized areas and heavier 
rainfall can increase the amount of stormwater on the ground after such weather events. 
Excess stormwater can cause flooding and severe damage to existing infrastructure and 
have negative impacts on human and environmental health. 
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Systems put in place to manage stormwater must consider how stormwater can affect 
communities. The excess water can cause sewer system overflows, threaten clean 
drinking water, and carry pollutants. Both naturalized and engineered green infrastructure 
can be incorporated effectively to complement or replace grey infrastructure. Bioswales, 
permeable pavement, rain barrels, green roofs, and stormwater ponds are just some of 
the components that can be used to create a system that can intercept, absorb, and retain 
stormwater. (Green Infrastructure Ontario, 2020). These green infrastructure solutions 
manage stormwater on site and treat the water, removing pollutants as it is reabsorbed.  
By managing stormwater where it falls, green infrastructure also takes pressure off 
existing sewer systems, reducing overflow events and prolonging the life of the infrastructure.

The 2006 Clean Water Act (CWA) in Ontario requires organizations that protect drinking 
water to develop plants for reducing the threat of stormwater runoff (Ministry of 
Environment, Conservation, and Parks, 2019). Policies such as this can inform decision 
making and planning in municipalities on how to ensure that stormwater management is 
considered in new developments, and how to retrofit green infrastructure solutions into 
existing communities to impart the same benefits.

DIScUSSION QUESTIONS

Q1. Are there ways your community, town, or city incorporates nature-based solutions 
through the design or protection of land that aids in mitigating climate change? Are there 
ways that improvements could be made?

Q2. Look at a map of your community to see your local urban forest. Where are the most 
trees? The least? Collect what information you can on their species, size, and whether or not 
they were planted as part of an urban plan.

Q3. How does your community, town, or city manage runoff from storms? Is there any green 
infrastructure used? How could the existing system be retrofitted to be more efficient?

Figure 13: Green & grey 
stormwater infrastructure 
(Sloniker, 2016).
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The economy and the environment are innately intertwined, with humans acting as drivers  
of change and influence. Environmental integrity has often been a trade-off to short-term 
profit, but in a sustainable economy the two are one in the same.  

A sustainable economy provides for future generations without the environmental 
degradation or social inequity experienced today. This is accomplished by investing  
in sustainable practices and climate change solutions rather than prioritizing profit  
over all else. By quantifying ecosystem services, the benefits of natural systems can  
be translated to the common language of monetary value and costs. 

Ecosystem services is a general term used to categorize a wide range of natural benefits 
that ecosystems can contribute to people. The valuation of ecosystem services gives 
estimates that show policymakers the need to consider environmental variables. This 
section will describe the use of ecosystem services for promoting a sustainable economy 
and how decision-makers today are embracing these concepts.

7.1 Sustainable Economy 
A sustainable economy relies on stable and prosperous industry to provide the necessary 
goods and services for society through practices that promote a healthy environment. 
It recognizes the value of protecting natural capital not only for resources, but for the 
ecological processes and holistic uses to society. Along with environmental sustainability, 
it also focuses on reaching socio-economic sustainability and sets out to meet the 
Sustainable Development Goals (United Nations, n.d.). 

The current global economy is based largely on unsustainable practices and proceeds  
are distributed unevenly between countries and social classes. Consumerism and 
carbon-intensive livelihoods of developed nations has driven the present economy to 
rely heavily on planetary and human exploitation. This occurs because the external 
costs to society and the environment are not considered in the pricing of goods and 
services. When policymakers try to adjust for these costs, the fees fall on businesses, 
industries, and individuals. The resulting fear of financial loss and job insecurity is the 
largest obstacle environmentalists face today. 

7.0 Economic Impacts 
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By continuing with a business-as-usual economy, the effects of climate change will become 
more extreme and increasingly threaten the economy, the environment, and human lives. As 
it stands, the world economy produces tremendous GHG emissions from production and 
consumption, population growth, and income growth. To decarbonize these activities, meeting 
human needs must be a higher priority than consumer preferences (Gough, 2017) Studies have 
shown that investing in more carbon-friendly alternatives can lead to greater profits and job 
creation (Gouldson et al., 2015). 

While there is a clear need to change how the economy functions, there is no clear way 
for businesses to accomplish it practically. Researchers and academics are being urged to 
provide better education to manufacturing on design and engineering that is sustainable 
and adoptable (De los Rios & Charnley, 2017). To carry society to a sustainable economy, 
multiple stakeholders need to be involved, new processes developed, and education and 
financial support provided. Any major system change will require significant inputs, leading 
to loss of capital and high associated costs. New solutions are necessary for creating 
industry that is reliable and equitable for generations to come.

Nature-based solutions are tools used for climate change mitigation and adaptation; they 
also aid the shift towards sustainable development. Natural systems are renewable, self-
regulating, and circular. Initial costs for implementing these solutions are inevitable, but the 
characteristics of natural systems require lower maintenance cost and have longer lifetimes.  

One example of a nature-based solution which has been shown to lower GHG emissions, 
provide sustainable sanitation, and increase overall profits are constructed wetlands.  
In Winnipeg, conventional stormwater basins have been shown to produce methane 
emissions from aesthetic vegetation removal and cyanobacterial blooms. Compared  
to constructed wetlands for stormwater regulation, stormwater basins produce double  
the CO₂ emissions and involve greater upkeep costs from herbicide and harvesting (Badiou 
et al., 2019). Constructed wetlands also provide a more circular system for wastewater 
management than conventional sanitation practices (Masi et al., 2018). By capitalizing on 
nature’s beneficial processes, alternatives to current systems can be designed by looking  
at what nature does right. 

7.2 Ecosystem Services 
Ecosystem services are aspects of ecosystems that provide benefits to human well-being, 
either through passive or active means (Fisher, Turner & Morling, 2007). They are a way  
to acknowledge the link between the environment and human welfare and account for the 
externalities currently unpaid by society. By understanding ecosystem services and using 
them to have a more holistic perspective of their benefits the value of protecting ecosystems 
come to light. 

The healthier the ecosystems are, the less intense climate change impacts are to humans. 
This is known as ecosystem-based adaptation (EbA) which utilizes an ecosystem services 
approach to implement climate change adaptation and mitigation strategies for issues 
such as storm surges, droughts, floods, desertification, and food security (Chong, 2014). 
EbA can be considered a nature-based solution for climate change. Researchers have also 
presented nature-based solutions to support healthy ecosystems and the enhancement  
of their services (Keesstra et al., 2018).  Through these interpretations, ecosystem services, 
nature-based solutions, and climate change adaptation, create a unique positive feedback 
loop where if one variable is improved, the others are improved as well. 
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The concept of ecosystem services has been around for decades, creating a robust field 
of research. There are generally four classifications of ecosystem services. Although many 
have pointed out the limitations of these classifications, they are still widely used today 
(Wilson, 2014; Fisher et al., 2007; Majewski, 2018).  

•	 Provisioning services are the natural resources that ecosystems provide such  
as food, timber, and fuel. 

•	 Cultural services are the intangible interests to humans. 

•	 Regulating services are the natural processes that control ecosystem functions 
and provide humans with direct use. These have gained a lot of attention in 
ecosystem evaluations as they include services such as carbon storage, water 
filtration and erosion control. 

•	 Supporting services describe the production and maintenance of basic ecosystem 
components that allow for all other services to function. 

Services can also be examined as intermediate or final services that are linked to  
ultimate benefits enjoyed by humans (Fisher et al., 2007). This classification considers  
the complex interactions between ecosystem services and other forms of capital  
that are necessary for human welfare. Identifying and classifying ecosystem services 
provides a better understanding of the ways and extent humans rely on their  
environment and quantifies the toll of these actions. 

 

EcOSYSTEm VaLUaTION: RELaTIONaL VaLUES

Some services are easier to evaluate than others because they have already been 
included within the economy. Others are more abstract and are determinant on individual 
perspectives. Some services are inherent to the system as a whole and will have much 
more complex evaluations as they are more multifaceted and interconnected. There are 
many who argue an ecosystem services approach will never fully account for all ecological 
complexities and assigning a price to natural capital is not only impractical, but immoral. 
These limitations are widely acknowledged, and professionals are looking to include novel 
forms of worth to address these issues.

SUppORTING SERVIcES

Soil formation, primary production, nutrient recycling

Figure 14: The four 
categories used to 
differentiate ecosystem 
service types (Atlus 
Impact, 2017).

ELEmENTS Of HUmaN WELL-bEING

REGULaTING SERVIcES

climate regulation, water  
and flood regulation

pROVISIONING SERVIcES

fresh water, minerals,  
timber, food

cULTURaL SERVIcES

Tourism, recreation,  
spiritual, aesthetic

Security, nutrition, shelter, health, social relations
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Relational values are cited as an alternative measure of value to instrumental or intrinsic 
values (Chan et al., 2016). This valuation system is based on the relationship humans have with 
nature and the actions necessary to lead an altruistic life. This is often thought of with regards 
to human relationships; we do not think solely on the benefits received or provided, but  
act on what is believed appropriate for the relationship. This allows society to appreciate the 
social and cultural interactions humans have more fully with nature and support community 
stewardship. Relational values are more expressive of local knowledge and ways of knowing 
that land that is innate to Indigenous peoples and other place based communities. 

Figure 15: A comparison 
of instrumental and 
intrinsic value framings 
and relational values 
to assess how nature 
connects with human 
welfare (Chan et al., 2016)

INTRINSIc  
VaLUE

Nature has value 
independent of people

INSTRUmENTaL  
VaLUE

being in/seeing nature 
brings people pleasure 
or satisfaction

RELaTIONaL  
VaLUE

(involving the  
human collective)

place is important to my 
people, to who we are as a 
people (cultural identity)

being in nature provides a 
vehicle for me to connect with 
people (Social cohesion)

caring for ecosystems is 
crucial to caring for my fellow 
humans, present and future 
(Social responsibility)

caring for all lifeforms and 
physical forms is a moral 
necessity (moral responsibility 
to non-humans)

a

b

RELaTIONaL  
VaLUE

(primarily individual)

This place is important to 
me, to who I am as a person 
(Individual identity)

my care for this land fulfills 
me, helps melead a good life 
(Stewardship eudaimonic)

keeping the land healthy is the 
right thing to do (Stewardship 
principle/virtue)
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Case Study: B.C.’s Peace River Watershed
A group of researchers from the David Suzuki Foundation undertook an immense project 
which identified and quantified the ecosystem services of a 5,611,799 ha watershed in the 
 northeast corner of B.C. The region comprised of ten different land types, eight of which 
were included in the assessment with 64.4% being forest (Wilson, 2014). The use and  
non-use value of 12 ecosystem services was calculated for each land cover. A variety of 
valuation methods were employed, including market-based profits of goods (e.g., food and 
recreation) and associated costs such as avoided cost, replacement cost, and the cost  
of mitigation/restoration. Furthermore, the study considered valuations based on revealed 
preference from indirect market-based evaluations and stated preferences from survey-
based information. Table 1 shows how these valuation methods operated in the context of 
different ecosystem services. 

Table 1: Ecosystem 
services valued for 
the B.C. Peace River 
Watershed. Source: 
Wilson, 2014

EcOSYSTEm 
SERVIcES
aSSIGNED VaLUE

VaLUaTION
appROacH 

TYpE 
Of 
VaLUE

VaLUaTION  
mETHOD USED

Water supply Average global 
value

Direct
use

Transfer value per hectare from global 
average study (38 original studies)

Air filtration  
(gas regulation)

Avoided cost 
value

Indirect
use

Transfer value from Lower Mainland 
study adjusted by population (original 
analysis based on average removal 
rates of pollutants by tree canopy 
cover and avoided costs)

Carbon storage 
(climate regulation)

Avoided cost 
value

Indirect
use

Quantified carbon storage using forest 
age/ carbon analysis; annualized social 
carbon cost value based on average of 
U.S. and Canadian government social 
cost of carbon (SCC) (marginal SCC 
values from climate models)

Carbon sequestration 
(climate regulation)

Avoided cost 
value

Indirect
use

Quantified forest carbon sequestration 
based on forest age/carbon analysis. 
Social carbon cost value based 
on average of U.S. and Canadian 
government SCC (marginal
SCC values from climate models)

Flood control/
water regulation 
(disturbance 
prevention: wetlands)

Meta 
regression
analysis value
for Canada

Indirect
use

Average value for Canada: from study 
that evaluated the value of wetlands 
in agricultural landscapes using a 
meta regression analysis reported by 
country

Erosion control  
(soil retention: 
perennial cropland/
pasture)

Avoided cost 
value

Indirect
use

Value based on avoided water 
treatment costs to remove sediment 
provided by conservation of natural 
cover or conversion of annual cropland 
to permanent cropland/pasture cover

https://davidsuzuki.org/wp-content/uploads/2017/09/peace-dividend-assessing-economic-value-ecosystems-bc-peace-river-watershed.pdf
https://davidsuzuki.org/wp-content/uploads/2017/09/peace-dividend-assessing-economic-value-ecosystems-bc-peace-river-watershed.pdf
https://davidsuzuki.org/wp-content/uploads/2017/09/peace-dividend-assessing-economic-value-ecosystems-bc-peace-river-watershed.pdf
https://davidsuzuki.org/wp-content/uploads/2017/09/peace-dividend-assessing-economic-value-ecosystems-bc-peace-river-watershed.pdf
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The final assessment reported all values as 2012 Canadian dollars. Carbon storage alone 
was valued between $6.7 billion to $7.4 billion per year, while all other ecosystem  
services provided a central value of $1.2 billion dollars of economic benefits (Wilson, 2014). 
Habitat, flood control/water supply/nutrient cycling and recreation were the following 
three ecosystem service groups with the highest values at $206,744,044, $133,157,316, and 
$119,738,498 respectively. The study also evaluated annual values based on land cover 
types and it was found wetlands with trees or shrubs had the highest worth.

The results of this evaluation, though incomplete, give decision-makers an idea of the 
immense costs associated with degrading natural capital. For example, the clearing of one 
hectare of a 10-20-year-old forest would result in 14.3 tonnes of carbon released which  
is translated to a total cost of $1,641.23 (Wilson, 2014). If the forest cleared is an old growth 
forest (>250 years old), these values would greatly increase to 263.3 tonnes of carbon 
and $30,334.53 (Wilson, 2014). The impacts can be translated to marginal costs for local 
communities. With a 10% forest cover decrease in the Peace River Watershed, local 
communities would incur higher water treatment rates resulting in a marginal value of 
$4.83/year per ha of forest cleared (Wilson, 2014). These evaluations provide a platform  
to argue for the protection of ecosystems by putting the costs into economic perspectives. 

DIScUSSION QUESTIONS

Q1:  What are the different valuation methods used? Do you think these methods fully 
capture the worth of Peace River Watershed?

Q2:  What is the difference in economic value between old growth and young forests? 
Why do you think there is such a difference in these numbers?

Waste treatment Replacement 
cost value

Indirect
use

Average removal rates of excess 
nutrients per wetland hectare from 
academic literature and average excess 
runoff from agricultural statistics and 
cropland area; average value based on 
cost to treat/remove excess nutrients 
from water system

Water filtration 
(forests)

Avoided cost 
value

Direct
use

Avoided cost of water treatment costs 
based on current forest cover in PRW 
and local cost of water treatment in PRW.

Pollination Market-based 
value

Indirect
use

Estimated as 30% of reported pollinator 
value for B.C. crops

Habitat and 
biodiversity

Market-based 
value/average 
meta-analysis 
value

Indirect
use /
 non-use

Estimated net value for increased wildlife 
viewing on conserved land or cropland 
restored to natural cover (grassland/
pasture); average habitat value from 
wetland values meta-analysis

Recreation Survey-based 
value/travel 
cost

Direct
use

Estimated economic value of outdoor 
recreation from several recreational 
surveys

Cultural/aesthetic Survey-based Indirect
use /
 non-use

1) Willingness to pay to maintain rural 
scenic views

2) Willingness to pay to protect 
wilderness/ biodiversity
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To work towards combating climate change with the help of nature-based solutions, 
partnerships are needed across disciplines and stakeholders. Collaboration between all 
levels of government, the public, private businesses, and non-profits is necessary for whole 
system changes. It is also important to acknowledge and empower individuals of different 
backgrounds and status such as youth, women, and Indigenous communities. With varying 
perspectives and participation from different disciplines, we can enhance the strategies, 
methods, and power of our solutions to adapt and mitigate climate change impacts. 

8.1 Indigenous Knowledge 
Indigenous Knowledge (IK), also known as Traditional Ecological Knowledge (TEK), refers 
to the evolving knowledge of Indigenous peoples over hundreds to thousands of years 
through direct contact with the environment. 

IK is specific to different nations and locations but includes many aspects of the natural 
world such as the relationship between plants, animals, landscapes, and weather. It also 
involves hunting, fishing, trapping, forestry, and agriculture practices. IK is passed down 
through generations of Indigenous peoples and communities and encompasses ecology, 
spirituality, landscape relationships and more (Fish & Wildlife Service, 2011). 

Indigenous peoples across the planet are increasingly advocating for incorporation of IK into 
a range of environmental decision-making contexts, including natural resource and wildlife 
management, pollution standards, environmental and social planning, environmental impact 
assessment, and adaptation to climate change (Swanson et al., 2019). 

8.0 Partners in Action: 
Leadership, Stakeholders 
and Collaboration 
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Three of the areas in which the input and participation of Indigenous peoples should be 
particularly sought, acknowledged, and supported include: 

•	 Providing direct knowledge and insights relating to weather, environments, 
species, and habitats

•	 Contributing to development of models for accommodating and adapting  
to ongoing and imminent climate change 

•	 Presenting alternative pathways and approaches to sustainable living for  
future generations.

IK greatly benefits scientists while addressing climate change on a regional level as 
Indigenous communities have the potential to identify environmental changes that signify 
climate change at local levels. Combining all forms of knowledge provides a greater 
understanding of the natural world and should influence how legislation is passed to 
address the climate crisis. 

8.2 Climate Justice
Climate justice recognizes that the impacts of climate change are not distributed equitability 
and often vulnerable and underserved populations are disproportionally impacted. Furthermore, 
those bearing the brunt of negative climate change impacts are typically not significant 
contributors of GHG emissions. Gender, race, ethnicity, age, and income are all factors which 
influence how impacts of climate change are experienced. 

Through the climate justice lens, plans to mitigate and adapt to climate change must 
include active consultation and engagement with vulnerable groups to ensure equitable 
solutions are developed which move society forward as a whole.  

Figure 16: Protestors 
advocating for female rights 
for climate change (Centre 
Virchow-Villermé, 2015)
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8.3 Nature-based Solutions in Policy 
To create change and increase resilience in urban and rural environments, policy needs to 
be framed to implement nature-based solutions. Stakeholders from different policy areas 
and sectors (private sector, local communities, local/regional governments), scientists, 
non-government organizations, and Indigenous peoples should come together to develop 
holistic approaches to managing natural assets (geology, soil, air, water and all living 
things). Unfortunately, it can often be difficult to facilitate this collaboration due to a lack of 
communication and cooperation (van Ham & Klimmek, 2017).

There are instruments that could make implementing nature-based solutions in policy more 
plausible. Figure 17 demonstrates 4 areas that are needed to make this happen: providing 
information, fostering cooperation, making greening plans, and setting incentives (van Ham 
& Klimmek, 2017).

 

8.4 Collaboration 
To successfully implement nature-based solutions to respond to climate change, 
transdisciplinary and inclusive partnership approaches are needed. Through a collaborative 
approach, action using nature-based solutions for climate change adaptation and mitigation 
can be achieved to produce benefits for society and key priorities for policy and practice  
(van Ham & Klimmek, 2017). Partnerships can create and enhance relationships between 
different parts of society by bringing together resources, skills, knowledge and both institutional 
and governance capacities. In addition, partnerships can be versatile and flexible in the roles 
they adopt as the partners match their capacities to undertake a task to achieve a common 
target (Frantzeskaki et al., 2014). 

Figure 17: Instruments 
for implementing nature-
based solutions (van Ham 
& Klimmek, 2017)

pOLIcY INSTRUmENTS fOR URbaN 
NaTURE-baSED SOLUTIONS (NbS)

pROVIDING 
INfORmaTION

fOSTERING 
cOOpERaTION

GREENING  
pLaNS

SETTING  
INcENTIVES

• monitoring systems

• accounting systems

•  intra-municipal cross 
department NbS 
strategies

•  intra-municipal 
exchange platforms 

•  public-private 
partnerships

•  regional planning

•  urban planning 

•  zoning

•  pricing  
(municipal fees)

•  quantity-control 
(municipal fees)

•  municipal ecological 
fiscal transfers



512021 ENVIROTHON STUDY GUIDE

Collaboration needs to occur between public, private, and non-profit sectors, all levels  
of government, businesses, Indigenous and local communities. The Climate Action  
Fund provides funding for innovative ideas that raise awareness of climate change and 
work towards Canada’s clean growth and climate change plan (Environment and Climate 
Change Canada, 2019b). They have provided $3 million per year since 2018 to projects 
that are delivered by students, youth, Indigenous peoples and organizations, non-profits, 
businesses of various sizes, education, and research institutions (Kawartha Now, 2019). 
One of the projects that the Climate Action Fund supports is the launch of Random Acts of 
Green’s mobile app that encourages Canadians to reduce their production of greenhouse 
gas emissions by making green choices (Kawartha Now, 2019). This example demonstrates 
how the federal government and a local business work together to create a platform  
for individuals and organizations of all types to participate in making sustainable choices  
to fight climate change. 

8.4.1 Ethical Space

When Indigenous communities are brought together to share their worldviews on ecosystem 
management and conservation with practitioners of western science, it should be done  
in an ethical space in which all parties enjoy mutual respect. When non-Indigenous people 
seek to create these spaces to answer research questions, they should understand the 
space in which they are working as well as the limits of the participants (including themselves), 
as some of the questions asked could be perceived to infringe upon participants’ 
boundaries, spaces, or rights. 

The creation of ethical space does not need to be limited to formal consultation processes.  
This can also be a part of the dialogue between a gathering of individuals to share  
cross cultural knowledge in order to jointly achieve a goal of better resource management. 

8.4.2 Two-eyed Seeing & Co-governance

First introduced by the Mi’kmaw people, the term ‘two-eyed seeing’ captures the 
intersection of two separate knowledge systems: one eye looks at Indigenous ways of 
knowing and oral traditions, while the other eye looks to Western science. By using both 
eyes together, a management strategy can be created with blended Indigenous and 
Western science knowledge systems to create a holistic beneficial environmental resource 
system. When practitioners used both knowledge systems together, they are striving 
towards a system of co-governance.

The earliest Indigenous teachings of treaty obligations outlined that Indigenous Peoples 
continuously offered to share the land with settler communities. This agreement to the 
sharing of resources is a form of co-governance. Through generations, Indigenous 
Peoples have developed patterns of resource use and management that reflect intimate 
local knowledge of the geography in which they inhabit, as well as the desire to leave 
enough resources for the survival of future generations. Indigenous Peoples are not 
preservationists, as their approach to resource management falls under the Western 
science definition of conservation.
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Systems of co-governance may take different shapes depending on the needs and interests 
of the parties involved, but they will all fundamentally consist of the following themes:

•	 Understanding the values and protocols of the rights holders to the area,

•	 Use of Indigenous knowledge systems to strengthen Western science,

•	 Co-creation of a mutual understanding and sharing agreements (including 
Indigenous harvesting rights at the forefront of stake holder rights), and

•	 Formation of a relationship that is positive, long-lasting, economically beneficial, 
and sustainable for all parties involved. 

DIScUSSION QUESTIONS:

Q1.  What are some cultural considerations you should think of when planning  
an event?

Q2.    How can a structure of co-governance be useful in modern environmental 
conservation measures?
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As demonstrated throughout this guide, environmental issues are complex and can have 
wide reaching impacts. Further, each system experiences different imbalances and stressors, 
from climate change, to human development pressures, to overexploitation, and 
beyond. As a result, management approaches must be multi-faceted and tailored. Nature-
based solutions can play an important role, as they can be as varied as the locations in 
which they are implemented, addressing a host of issues and providing a variety of goods 
and services based off location, design, and project goals. 

As an important tool in responding to climate change and helping communities and 
ecosystems adapt to better handle the rapid pace of change we are currently experiencing, 
nature-based solutions represent a way forward. A relatively new field of comprehensive 
study, the true effectiveness of nature-based solutions continue to be assessed through the 
collection and analysis of long-term data.   

In addition to ecological goods and services, the intrinsic value of natural systems cannot 
be overlooked. As we move forward, we must find ways to green urban areas and adapt 
our current built systems and structures to be more resilient and beneficial to both human 
health and the environment. Change at a local level is possible: look to your communities 
and see what you can do to make them more sustainable. 

9.0 Conclusion 
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 10.0 Glossary 
A Avoided cost: the expense not incurred due to the exclusion of a certain activity

B  Bioswales: linear channels that are designed to gather stormwater runoff while removing 
any debris and pollution. 

  Biome: a specific geographic area notable for the species living there. A biome can be 
made up of many ecosystems. 

C Carbon Sink: a natural reservoir that absorbs more carbon than it releases. 

  Conference of the Parties (COP): the formal meeting of the UNFCCC Parties to address  
and assess progress in dealing with climate change.

E  External Cost or Externality: the monetary value of a negative effect incurred by a third 
party in the process of producing or consuming a good or service

G  Gross Domestic Product (GDP): the combined market value of the goods and services 
produced within a specified time frame; it is used as a standard measurement of an economy 

I  Indigenous Knowledge: knowledge acquired by Indigenous peoples and communities over 
hundreds of years based on direct experiences with the environment. Historically, this has 
also been referred to as ‘Traditional Ecological Knowledge’.

  Infrastructure: the physical and organizational structures and facilities needed for the 
operation of a society.

  Green Infrastructure: natural systems that have been incorporated into urban, 
suburban, or rural landscapes (ex stormwater management, urban forests)

  Grey Infrastructure: engineered structures and systems found in urban, suburban, 
and rural environments (ie buildings, roads, sewers). Also known as ‘hard 
infrastructure’.

  Intergovernmental Panel on Climate Change (IPCC): created in 1988 by the World 
Meteorological Organization (WMO) and the United Nations Environment Program (UNEP) to 
provide all levels of government with scientific information to help develop climate policies. 

  International Union for Conservation of Nature (IUCN): a membership Union composed of 
government and civil society organizations

K  Kyoto Protocol: the first agreement between nations to establish country-by-country 
reductions in GHG emissions and emerged from the United Nations Framework Convention 
on Climate Change.

L  Ladder fuels: live or dead vegetation that allows a fire to climb up from the forest floor into the 
canopy. Common ladder fuels include tall grasses, tree branches, and dead standing trees.

M  Marginalized: excluded from mainstream social, economic, cultural, or political life. 
Examples of marginalized populations include, but are by no means limited to, groups 
excluded due to race, religion, political or cultural group, age, gender, or financial status
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  Marginal Cost: the incremental change in monetary value that occurs when an additional 
item is produced

  Montreal Protocol: an international agreement that ensures the protection of the earth’s 
ozone layer by phasing out ozone-depleting substances.

P  Paris Agreement: adopted by consensus in 2015 at the 21st Conference of the Parties  
(COP) and signed in 2016, builds upon the United Nations Framework Convention  
on Climate Change and its central aim is to strengthen the global response to climate 
change by managing the global temperature rise to remain below 2 degrees Celsius. 

  Peatlands: a unique type of wetland ecosystem with organic soil, called peat. Peat is partly 
decomposed plant material that forms in poorly drained, low oxygen, acidic environments. 
Peat is primarily made up of a specific type of moss, called Sphagnum moss. By the Canadian 
definition, peatlands have a minimum of 40cm of peat (Government of Manitoba, n.d.).

 Permafrost: any ground that remains completely frozen for at least two continuous years. 

  Phenology: the study of life cycle events and how they are influenced by seasonal 
variations in climate.

  Positive Feedback Loop: a cyclical process which accelerates the effects of a disturbance 
imposed on a system. Regarding climate change, it speeds up the warming of the planet 
and other climatic changes. 

R  Relational Values: a measure of value based on the relationship humans have with nature, 
among other things, and the notion of valuing altruistic behaviour

  Replacement Cost: monetary value required for replacing one asset with another; the cost 
of a substitute.

S  Sequestration (carbon): the long-term storage of carbon dioxide (or other forms of carbon) 
to mitigate or defer global warming and climate change. 

  Soil Organic Carbon: is the carbon component of soil organic matter which is composed 
of carbon, hydrogen, and oxygen, and has small amounts of other elements, contained in 
organic residues.

  Sustainable Economy: an economic model that is built on stable and prosperous industry 
which provides goods and services for society indefinitely through practices that promote 
a healthy environment

T  Transdisciplinary: relating to more than one branch of knowledge

U   United Nations Environmental Program (UNEP): an international organization established 
in 1972 to coordinate activities to increase the scientific understanding of environmental 
change and to develop environmental management tools. 

  United Nations Framework Convention on Climate Change (UNFCCC): the goal of  
the Convention is to stabilize greenhouse gas concentrations at a level that will prevent 
dangerous anthropogenic interference with the climate system.
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