
1  
  

 
Laurentian University 

 
 
 
 
 
 
 
 
 
 
 

Canadian Wildfires: A Spatial-Temporal Assessment of Fire Activity and Cause (1988 to 2018) 
 
 
 
 
 
 
 
 
 
 
 

Amy Wheeler 

April 20th 2020 

Professor: Stephen Meyer 

GEOG 4995 

 

 

 

 

Ó Copyright by Amy Wheeler 2020 
All rights Reserved 

 

 



2  
  

Abstract 
 

Vegetation zones such as the boreal forest in Canada have been shaped and maintained by 

naturally occurring wildfires for centuries. However, as global climates have warmed due to an 

increase in greenhouse gases within the atmosphere, there has been a profound impact on 

Canada’s forests. As fire activity continues to be very influential in altering forest biomes in 

Canada, it is important to analyze and evaluate these changes. The focus of this study is on 

assessing change in fire frequency, severity, and cause of fire disturbances in relation to where 

people reside in Canada. The timeframe for this study is a 30-year span, 1988 to 2018. The 

datasets utilized allowed for both temporal and spatial analysis of forest fires for each province 

and territory in Canada. Datasets were analyzed, and maps were developed using ESRI’s 

ArcMap GIS software. There has been an increase in both frequency and severity (in terms of 

area size) of forest fires over these 30 years. The main cause of this upsurge in fire activity is 

associated with lightning, but human accident fires have also steadily increased particular in 

proximity to Canada’s ecumene (where most people live). Human prescribed fires have also 

surged, especially in western Canada, as these deliberately set fires have become more necessary 

in efforts to safeguard Canada’s forest resource and vulnerable populations. As the geography of 

forest fire activity continues to evolve in Canada, this type of spatial-temporal research is useful 

to those who develop new policies, mitigation plans, and adaptation strategies to protect the 

vitality of forest ecosystems and the safety of Canadian populations.  
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1.0 Introduction 

Within Canada, the disturbance from forest fires in the boreal forest is the dominant factor that 

shapes and maintains this biome. This natural fire cycle provides renewal of ecosystems and is 

influenced by weather/climate, fuels, ignition agents, and human activities (Johnson, 1992; 

Swetnam 1993; Flannigan, 2005).  Recently, the global climate has been warming due to the 

increase in greenhouse gases released by human activity, which has likely had profound impacts 

on fire, through change in frequency, severity, and cause of fire disturbances across Canada.  

 When considering the factors that influence fire activity; weather and climate are the 

most important natural factors, because these determine the extent of influence of the other 

factors. Weather determines the fuel moisture, the frequency of lightning as an ignition agent, 

and how quickly fire can spread. Therefore, the general warming of annual temperatures has 

altered conditions within forested areas to be more prone to ignite. This being by having more 

frequent and unpredictable storm events, and by having longer, warmer, drier, fire season which 

lowers the fuel moisture of vegetation and ground litter (Gillett et al, 2004). By having more 

severe storms throughout the fire season there is more opportunity for vegetation and the forest 

floor to be struck by lightning causing a fire to ignite. Having lower moisture content of the fire 

fuel (vegetation, forest ground) increases the chances of a fire to ignite and how quickly it will 

spread (Gillett et al, 2004). It also increases the chances of accidental human caused fires 

through recreational activities, and industrial activities.   

Many studies have compared climate models with forest fire activity. Podur (2002) 

looked at the early part of the 20th century and identified significant increase in both the amount 

of area burnt and occurrences of fire within Canada. Other studies have focused on potential 

impacts of climate change on fire activity in the boreal of Canada, by using General Circulation 
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Models outputs and component of the Canadian Forest Fire to project fire danger (Wotton et al, 

2003). Through these studies by Flannigan et al in 1998 and 2000 and many others, results have 

shown increase in severe fire weather, and frequency of occurrences within Canada relating back 

to climate change. Studies by Cary et al in 2006, focused on the sensitivity of the boreal due to 

climate change and how this will impact the extent of damage by forest fires. They found that the 

area burned by fires during a longer fire season would increase with raising temperatures, even 

when precipitation increase was present.   

 The objective of this paper is to examine fire activity across Canada in the last 30 years 

(1988-2018), by assessing four major types of fire ignition in relation to where people actually 

live (the ecumene). The change in frequency and severity (area burnt) of forest fires within each 

province across Canada was also examined over time. While other studies have looked at either 

the change in frequency of forest fires or the change in amount of area burnt, associated with 

climate change overtime, this study looks at both these aspects to get a more comprehensive 

view of fire activity across a country such as Canada. This was done by gathering both temporal 

and spatial data of forest fire activity from outside sources from each province of Canada and 

using these data to illustrate changing trends. This is illustrated through the use of ESRI GIS 

technology, where data was inputted into ArcGIS software to better show spatial-temporal 

trends, allowing for a more precise evaluation of patterns. Through examination of these 

changing trends, the extent of increase or possible decrease of forest fire activity within Canada 

due to climate change can be assessed.  This may lead to other important implications that are 

environmental, economic and societal in nature. After a literature review, this methodology will 

be presented in more detail. Thereafter, results are display and key themes from this analysis are 

presented.  
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2 Literature Review 
 
2.1 Canada’s Boreal Forest and Forest Fire implications  

With an increasingly warming climate, the frequency and severity of forest fire activity has 

increased along with this changing climate, especially within the boreal region. The boreal 

region spreads across Canada, from the east coast in Newfoundland to the Yukon in the west, 

making it one of the largest forested areas in the world. With the boreal covering much of 

Canada, the change in fire activity across the country has been studied extensively in the past and 

continues to in the present. The focus on fire activity within the boreal is significant because the 

changes that have been occurring impacts Canada in many ways. As fire occurrences become 

more frequent and burn for a longer length of time, the extent of this forest disturbance has 

become more severe, especially as incidences occur closer to highly inhabited land. As this 

continues to arise, forest fires become much more dangerous and influence many different 

factors, these being not only environmental functions, but also economic and social factors 

across the country.  

 The boreal has always experienced forest fires, as it relies on the process of fire for 

organization of plant communities, successional patterns and the structure and function of the 

ecosystem (Weber and Stocks, 1998). However, as fire patterns have changed beyond their 

natural cycle, many of the factors that have relied on the fire cycle have been altered, which has 

impacted many aspects of the forest. Through this change in fire activity, the boreal forest’s role 

as a carbon sink has been affected, and there has been a loss in original biodiversity as well as an 

increase in new species present, therefore changing its ecosystem. These factors play an 

important role in both the local and global environment. 
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 The boreal forest is one of the world’s largest carbon sinks, helping combat climate 

warming. Yet, with increasing fire occurrences and severity, this carbon sink has been reduced. 

Duo factors play a role in the carbon feedback process of forest fires:  the release of emissions 

causing contribution to climate change as long as the fire burns, and the loss of boreal forest as a 

carbon sink influences climate warming for years post fire (Enriquez-de-Salamanca, 2020). A 

positive feedback loop is present when vegetation is burnt since it releases carbon, methane and 

many other emissions that the vegetation has stored, back into the atmosphere. These emissions 

released from biomass have been recognized as one of the main sources of greenhouse gas 

emissions after industrial practices (Stocks et al, 1998). This is the main factor contributing to 

climate warming, leading to more frequent droughts that last longer, causing conditions to be 

more prone to fires within the boreal forest, therefore repeating the cycle again. But the 

contribution of carbon and emissions in the atmosphere from fire is still present post fire. This 

being because once vegetation is destroyed it takes years to recover, therefore removing the area 

as a carbon sink, leading to a loss of carbon sequestration. This carbon feedback effect was 

studied by Enriquez-de-Salamanca, where he determined that the destruction of the sink and its 

impacts depends on the length of time until regeneration, which is determined by the recovery 

capacity of the vegetation, which fluctuates depending on the species. But overall the loss of 

sequestration from areas impacted by forest fire last several years, with gradually decrease as 

vegetation recoveries (Enriquez-de-Salamanca, 2020). The role forest fire plays even post-fire to 

climate feedback shows how the impacts from fires are not just local but global also. Meaning 

that it is important to have strategies in place to help the recovery of vegetation after a fire. The 

disappearance of carbon sinks, especially the boreal in Canada, plays a large role in contributing 
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to climate change, and therefore increasing forest fire activity through more frequent extreme 

weather events, etc. 

 The boreal spreads across Canada and is home to many different ecosystems present 

within, which all contain different species of plants and animals, different soils, and many other 

aspects. A large extent of this boreal forest is made up of coniferous trees including jack pine and 

black spruce. These two species are pyrophile plants, meaning they require fire to reproduce, as 

their seeds are held in cones and spread throughout the area and must be opened by heat so once 

a fire occurs there is rapid and dense colonization (Price et al, 2013). This has been the process 

for these species for years, but with more abundant fire seasons that last longer, the period 

between fires has continually gotten too short for reproduction of trees to complete, lowering the 

species resilience (Hart et al, 2018). This means that the increase in fire activity can result in 

change of the forest structure and composition.  The dominant species can change within these 

areas, depending on which species regrow successfully. This can be seen in the increase in 

numbers of aspen and birch trees which thrive in the conditions, once conifer seedlings don’t 

establish successful (Price et al, 2013). Also seeds from pyrophile species can be consumed from 

fires burning too intense and the increase in intensity additionally creates conditions that benefit 

these deciduous broadleaf species (Hart et al, 2018). The occurrence of a shift in plant 

community species changes many aspects within the ecosystem; such as by introducing new 

animal and insect species into the area, and also removing source of habitat and food for native 

species. This altering of ecosystems after a forest fire in turn causes changes in the occurrence of 

fires and the amount of area they will burn in the future. But a change in vegetation species does 

not only alter the ecosystem and environmental factors, it also influences economic factors. 
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2.2 Economic Implications 
 
Within Canada many people, both locally and nationally, depend on revenue that is obtained 

from forested areas. This disturbance of vegetation has impacted economic factors throughout 

Canada as the country relies on the health and sustainability of the boreal forest for both the 

forestry and tourism sector as a source of revenue. This is especially notable in western Canada 

where forest fires have become much more frequent and severe in recent years, and therefore 

have influenced the timber sales and desire for people to visit the areas in and around the boreal. 

 When fires are ignited in the boreal by any means, vegetation is lost and/or damaged, this 

directly impacts the quality, weight, and the species available for sale within the forestry sector. 

While the market for timber sales can change, with different governments or companies needing 

different types and amount of wood, specific companies are hit hard when their timber supply 

becomes limited due to fire disturbances. This can carry on for many years afterwards as the 

ecosystem is altered by having different species present, and majority of the time a lack of 

mature stands. As stated before after a fire, species present can be altered as the new conditions 

favor these different species. This impacts the boreal timber supply if companies are not being 

able to supply what is in demand because of a decline in that species. This occurs often in the 

boreal. For example, the demand for black spruce has been high, but populations have declined 

rapidly because of more frequent fires with a longer fire season (Brecka et al, 2018). When this 

occurs, other species thrive especially early successional species (deciduous broadleaf 

commodities for example). If these species happen to be in demand, Canada’s boreal forestry 

sector will be less impacted, but the reverse is also true (Boucher et al, 2018). Boucher et al 

(2018) studied multiple disturbances to the timber supply within Canada and demonstrated that 

one of the highest volume losses comes from fire disturbances. However, this effect on the 
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timber volume varies across the country depending on climate conditions, and the dominant 

species in the area (Boucher et al, 2018). On top of change in species and the markets demand, 

timber supply is greatly impacted by fire activity because of loss of timber volume that is 

available for harvest. This loss of timber supply is directly related to the increase in the amount 

of annual area burnt as fire activity becomes more severe. A larger loss of vegetation due to area 

burnt impacts the industry for many years post fire, as it takes hundreds of years for tree stands 

to grow to full maturity. This change causes a negative effect on the boreal timber supply 

because to yield the same volume of timber a higher number of trees need to be harvested, which 

may not be present after a fire disturbance (Brecka et al, 2018). Therefore, as fire activity 

continues to shorten the disturbance intervals, which allows both reproduction of species in 

demand, and also growth of tree stands, it will continue to be more of a challenge to keep up 

with the demand needed to sustain Canada’s forestry industry. That being said, the impact to the 

economic sector within Canada will vary depending on how dependent a region’s economy is on 

forestry, which for many communities located in the boreal, especially out west, is quite 

significant.  

 Another sector that is of concern in western Canada because of change in fire regimes is 

tourism. People visiting from international origins or from other parts of Canada bring much 

needed revenue into the specific communities. One of the main attractions of western Canada is 

its landscape, because of the scenic views and large amount of activities it provides (such as 

camping and hiking). With a longer fire season and more dangerous forest fires, many areas must 

evacuate in order to stay safe, which therefore closes off the area for tourism as well. Also 

following a fire much of the landscape is altered and damaged reducing its tourist appeal for 

several years. This greatly impacts communities that rely on this source of revenue throughout 
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the year both directly and indirectly. In that, communities that rely on tourism usually tend to 

have few other economic sources of revenue, as the majority of businesses are centered around 

tourism, including accommodation services, and food services. The tourist industry is not only 

directly impacted by fire but also the smoke and haze that is emitted while these fires burn which 

last in the atmosphere for some time afterward. A study conducted in both Vancouver area and 

Fraser Valley area by British Columbia Visibility Coordinating Committee in 2015 helped 

illustrate the impacts from loss of air quality and visibility on many industries including tourism. 

Within the two areas, 129,000 people are directly employed in tourism, generating over 12.7 

billion dollars in revenue in 2009. However, when poor visual air quality is present many people 

will shorten their stay, go elsewhere or will not return in the future (British Columbia Visibility 

Coordinating Committee, 2015). Also, it was projected that a revenue loss from multiple poor 

visual quality events in 2010 could be as high as 27 million dollars and 55 million dollars in 

2011 (McNeil and Roberge, 2000). Since 2011, these two areas have experienced more days 

during the fire season where air quality and visibility is classified as poor, with British Columbia 

having record breaking fire activity in both 2017, and 2018. Therefore, as fire activity continues 

to increase throughout Canada, especially in western Canada, economic sectors are greatly 

impacted.  Yet, the release of smoke affects societies’ everyday activities and health as well. 

 
2.3 Social Factors 
  
Forest fires impact the health of community members, both through physical health due to smoke 

and haze, and also many community member’s mental health. These two social factors will 

become more acute as fire activity intensifies and research into this area is sure to escalate. 

 As the fire season worsens and more vegetation is burnt per fire, there are profound 

impacts on the human population as air pollution rises with increased forest fires. This is 



16  
  

especially hazardous for human physical health because of the presence of haze and smoke and 

the airborne particulate matter (PM) that is present (Liu et al, 2015). There have been many 

studies that conclude that there is a positive association between exposure to wildfire particulate 

matter, especially PM2.5 (particulate matter smaller than 2.5um in size), and respiratory health 

effects, including but not limited to acute bronchitis, asthma, and acute upper respiratory tract 

infection (Smoyer-Tomic et al, 2004). Through a study done by Liu et al in 2015, it was 

determined that respiratory disease was the most frequent outcome from the presence of smoke 

and haze with 74% of people assessed having a respiratory issue. The percentage of populations 

being impacted with respiratory issues in association of wildfire smoke is more common in 

highly susceptible populations including older adults, children, pregnant women, and people 

currently with respiratory diseases (Cascio, 2018). Therefore, as wildfires intensify vulnerable 

populations are increasingly put at risk, even when located kilometers away. There is also 

concern with cardiovascular effects and association of wildfire smoke. As can be seen through a 

study done in Victoria, Australia in 2006 to 2007, there was a positive association between 

exposure to wildfire PM2.5 and cardiac arrests (Cascio, 2018). As fire activity continues to 

escalate within Canada, its contribution to PM2.5 into the atmosphere becomes more of an issue. 

This can already be seen in British Columbia as of 2017 forest fires were the second largest 

contributor of PM2.5 to the atmosphere and since then fire activity and smoke has continually 

increased (Haider et al, 2018). Therefore, it is important to continue to research the health effects 

of the presence of smoke and haze, especially on more vulnerable populations, to ensure that 

correct policies and strategies are in place to mitigate this danger and its effects. 

 In regard to health impacts associated with fire activity, studies have recently become 

aware of the mental health impacts that occur and last post fire in communities that have 
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experienced this disaster. This has become largely apparent within Canada after the 2016 Fort 

McMurray, Alberta disaster, where studies have taken place comparing the populations mental 

health in comparison to other communities within the same area. It was shown that mental health 

symptoms are significantly higher in areas after a fire disaster has occurred, especially within 

adolescents. Through the study conducted by Brown et al in 2018/2019, it was determined that 

31% of people have been diagnosis with depression, and 17% with moderately severe 

depression, with 16% increase in suicidal thinking. When comparing this to a control community 

of Red Deer, Alberta, the Fort McMurray statistics were around double. In addition, self-esteem 

and quality of life scores were significantly lower in Fort McMurray as well (Brown et al, 2019). 

This could be associated with post-traumatic stress disorder, but also the decline in quality of life 

has strong association with the type of mental health issues mentioned above. On top of this, 

once a fire disaster occurs many people lose their homes, belongings, and sense of community 

which increases these issues. Therefore, as fire regimes continues to show increase in changing 

patterns in upcoming years it is important that programs and other strategies are put in place in 

order to benefit these communities for years after a disaster occurs. 

 
2.4 Lessons from the Literature 
 
There is a variety of impacts associated with forest fires in Canada which influences a variety of 

factors across Canada in different ways. Therefore, it is very important that as forest fire activity 

continues to increase in upcoming fire seasons that these impacts are highly understood, and 

strategies are put in place. In order to help reduce impacts to the environment and its ecosystems, 

Canada’s economic industries, and negative effects to community members, especially health 

factors. In order do this to the best ability it is important to know where fire frequency and 

severity has been changing across Canada. This way, governments can determine which areas 
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are increasingly being impacted and analyze how trends will change for these areas in the future. 

This will allow the right mitigation, adaption, and policies to be put in place in order to reduce 

dangers to the area’s most prone to increasingly intensifying fires. By knowing what fire cause 

occurs the most in different areas, it can help governments and communities build mitigation 

strategies to help reduce ignition probabilities, and develop adaptation plans to help protect 

communities. Also, by understanding how much each area is impacted, and the relation between 

frequency of fires occurring and the amount of area burnt, this can help make sure governments 

have the right polices and management plans in place to help reduce the severity of fires.  By 

looking at Canada as a whole and by province, areas that have seen an increase in fire activity 

and areas that have experienced decreases can be identified. This then gives officials opportunity 

to look at provinces that have experienced a decline and evaluate polices, management and 

mitigation that is put in place in these areas, to possibly help other areas and provinces decrease 

their fire occurrences and area burnt with rising climate change. The following sections of this 

paper detail the methodology, findings and implications of research that provides a spatial-

temporal view of forest fire activity in Canada that could be useful to various policy-makers and 

researchers alike. 
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3 Methodology 
 
3.1 Data Sources 
 
There were three different shapefile layers used in this analysis. These came from the Natural 

Resources of Canada and Statistics Canada. All data files projections were converted to Lambert 

Conformal Conic (1983) which was used throughout. The first layer is the National Fire 

Database fire polygon data (NFDB) set and it was received from the Government of Canada, 

Natural Resource website under the Canadian National Fire Database (CNFDB). This layer 

contains information used to determine the area of forest burned across Canada. With data 

gathered since 1917, it contains forest fire locations and fire perimeters, in point and polygon 

format. This shapefile has many different variables attached to each fire polygon. Most important 

to this study were the variables; year or fire, cause of fire, and size of fire in hectares. For the 

year field the occurrence of fires between the years of 1988 and 2018 was used, and for causes of 

the fire the classification of L (lightning), H (human), H-Pb (prescribed) were used but the 

classification of U (unknown) was altered by combining the classification of U (unknown), Re 

(re-burn), and n/a into one value.  

The two other shapefile layers were retrieved from Statistics Canada which included the 

Population Ecumene layer, and Provinces/ Territories layer of Canada. Both of these layers are 

available from the 2016 census through Statistics Canada and were downloaded as a 

Cartographic Boundary File in the form of an ArcGIS shapefile. The ecumene layer was defined 

by Statistics Canada as the land where people have their permanent home, work areas, or the 

land is used for agricultural or any economic purpose. This was used in order to see where fire 

incidences were occurring within ecumeme areas. While the province layer was used to show 

and compare fire incidences across each province and territory.  
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3.2 Customizing the Data Set/Layers: 
 
For both the files collected from Statistics Canada no customizing of the shapefiles was needed 

as they were in the same projection and contained only the data needed. 

For the shapefile National Fire Database polygon data individual layers from this main file had 

to be created. These layers included four separate layers for each cause of fire incidence 

throughout the 30-year timeframe, and three layers for each 10-year increment within the 30-year 

timeframe.  

The cause layers were created by using select by attribute in ArcGIS to isolate each cause 

separately for only the 30-year timeframe and then exporting the new data and saving it as a new 

layer. These new layers were labelled as; Lightning, Human Accident, Human Prescribed and 

Other/Unknown. In the case for the Other/Unknown layer, three causes classified by Natural 

Resources of Canada were combined in order to make one layer. 

The 10-year increment layers were created through the same process of select by 

attribute. Through this process year values equal to and greater than 1988 and year values less 

than or equal to 1997 were group as a layer known as Timeframe 1 (1988-1997). The second 

timeframe layer consistent of year values equal to and greater than 1998 and year values equal to 

or less than 2007, known as Timeframe 2 (1998-2007), and then the third was Timeframe 3 

(2008-2018) which were the year values equal to or greater than 2008 and equal to or less than 

2018. 

 
3.3 Analysis 
 
With the use of the layers, three main actions were pursued.  1) The amount of fires that occurred 

and amount of area burnt in hectares for each cause in each province/ territory was assessed. 2) 

The change in number of fires and land burnt in hectares in each province/ territory between 
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Timeframe 1 and 2 and Timeframe 2 and 3 was evaluated. 3) Fire frequency and area burnt was 

related to fire cause overtime.  

3.3.1 Amount of fire and amount of land burnt because of each cause 

This was done through a three-step process through ‘select by location’ by using the new cause 

layers and province/territory, and ecumene layers. First a province/ territory was selected, then 

the cause being examined was selected for only within that province, this was the first select by 

location. Then through statistics, the total area burnt and the number of fires that occurred 

because of the cause in that province was determined. The second select by location involved 

selecting the fire cause polygons that intersected with the ecumene polygons for the particular 

province, this then determined the total number of fires that occurred within the ecumeme area 

and the amount of area burnt in the ecumene. This was repeated for all four causes in each 

province/ territory. 

3.3.2 Difference between the amount of fires and land burnt between each 10-year increment by 

province/ territory 

These trends were determined through select by location by using the province/ territory layer, 

the new timeframe layers. First the province/territory was selected through select by location, 

then the fire layer polygon (all fire incidence within the 30 years) was selected to determine the 

number of fires and the amount of area burnt within the province, this being the first select by 

location. The timeframe being examine was then selected in order to only show the fires that 

occurred within the selected province/territory for that 10-year increment, then through statistics 

the sum of the area burnt and the number of fires that occurred were identified. This was done 

for all three timeframes in each province/ territory. 
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3.3.1 Trend in number of fires and area burnt for each cause for each 10-year increment across 

Canada 

This was also accomplished through the select by location method but instead of for each 

province individually it was done for Canada as a whole. First the select by location attribute was 

the timeframe being examined, then the attribute cause was selected for that timeframe in order 

to isolate only the fire’s cause by the selected cause during the selected timeframe. Then through 

statistics the number of fires and the amount of area burnt that had occurred because of the cause 

within the selected amount of years was calculated. This was then repeated for all four causes for 

each of the three timeframes.  
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4 Results 
 
4.1 Frequency of occurrence, and area burned within and outside of ecumene area by cause 

Through Table 1, Table 2, and Figure 1 the total number of fires that have occurred and the 

amount of area burnt caused by human accident, from 1988-2018, can be seen and compared to 

the ecumene of each province across Canada. As Figure 1 shows, each province generally 

follows the same pattern, other than a few provinces differencing. Overall the occurrence of 

forest fires tends to be along the ecumene border for each province, especially in provinces 

where the boreal forest is present along this border. This can be seen in Manitoba, Alberta, and 

British Columbia, which are also three of the top four highest percentages of fires and area burnt 

in the ecumene (Table 1 and Table 2). The highest percentage of burnt area and number of fires 

in the ecumene occurs in Nova Scotia, where 75% of the province is Acadian forest and also 

majority of the province is inhabited land. Quebec has a lower percentage of area burnt within 

the ecumene, but one of the higher percentages for number of fires that occurred within the 

inhabited area. Overall fires that occur, because of human accident, have the highest percent of 

burnt area and highest occurrence within the ecumene compared to the following other causes. 
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Table 1: The total number of fires that occurred and the percentage that occurred within 
the ecumene by province, caused by human accident, 1988-2018 
 

 
Table 2: The total area burnt, and percentage burnt within the ecumene by province, 
caused by human accident, 1988-2018 
 

 
 

Province/ Territory Amount of Fires Amount of Fires in 
Ecumene 

Percentage of Fires 
in Ecumene 

Newfound and Labrador 34 18 53.0 
Prince Edward Island 0 0 0.0 
Nova scotia 483 455 94.2 
New Brunswick 13 7 53.8 
Quebec 522 333 63.8 
Ontario 219 79 36.1 
Manitoba 2,659 1,721 64.7 
Saskatchewan 255 119 46.7 
Alberta 1,361 812 59.7 
British Columbia 2,590 1,396 53.9 
Yukon 42 5 11.9 
Northwest territories 49 5 10.2 
Nunavut 0 0 0.0 
Canada  8,241 4,950 60.07 

Province/ Territory Total Area Burnt (ha) Total Area burnt in 
Ecumene (ha) 

Percent burnt in 
Ecumene 

Newfound and Labrador 91,564.10  43,274.35 47.3 
Prince Edward Island 0 0 0.0 
Nova scotia 8,798.30 6,061.86 68.9 
New Brunswick 15,825.11 3,273.11 20.7 
Quebec 804,155.87 286,855.28 35.7 
Ontario 534,064.61 80,060.11 15.0 
Manitoba 1,249,667.26 691,435.07 55.3 
Saskatchewan 1,088,342.06 236,899.13 21.8 
Alberta 496,095.91 330,438.37 66.6 
British Columbia 820,717.65 557,168.14 67.9 
Yukon 175,051.95 46,198.22 26.4 
Northwest territories 167,814.06 854.81 0.5 
Nunavut 0 0 0.0 
Canada  5,452,096.88 2,282,518.45 41.86 
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Figure 1: The occurrence and location of forest fires compared to ecumene area across 
Canada, caused by human accident, 1988-2018 
 
 

With reference to Tables 3 and 4 and Figure 2, the frequency and size of forest fires as a 

result of human prescribed measures compared to the location of inhabited land is illustrated. In 

contrast to the human accident, this cause has a much lower percentage for both the amount of 

fires occurring and amount of area burnt within the ecumene. This is evident as many provinces 

in the 30-year span have not had any prescribed fires and provinces that have, had very few. As 

seen in Manitoba and Saskatchewan both have had few prescribed fires but ones that do occur 

tend to be away from ecumene area majority of the time. A few cases occur along the border of 
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the ecumene in Saskatchewan, which causes Saskatchewan to have the second highest 

percentage of area burnt within the ecumene because of the cause (Table 4). The two provinces 

that contain a high percentage in the number of fires occurring and the amount of area burnt 

within the ecumene are Alberta and British Columbia. Between these two provinces, in the last 

30 years majority of the fires that have occurred because of this cause have been located along 

their provincial border with each other. This leading to both Alberta and British Columbia 

having prescribed fires occurring within and around ecumene areas, more so than other 

provinces.  

Table 3: The total number of fires that occurred and the percentage that occurred within 
the ecumene by province, caused by human prescribed, 1988-2018 
 

 
 
 
 
 
 
 
 
 
 
 
 

Province/ Territory Amount of Fires Amount of Fires in 
Ecumene 

Percentage of Fires 
in Ecumene 

Newfound and Labrador 5 0 0 
Prince Edward Island 0 0 0 
Nova scotia 0 0 0 
New Brunswick 0 0 0 
Quebec 30 9 30 
Ontario 16 2 12.5 
Manitoba 42 8 19.05 
Saskatchewan 36 13 36.11 
Alberta 122 53 43.44 
British Columbia 26 11 42.31 
Yukon 0 0 0 
Northwest territories 0 0 0 
Nunavut 0 0 0 
Canada  277 96 34.66 
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Table 4: The total area burnt, and percentage burnt within the ecumene by province, 
caused by human prescribed, 1988-2018 
 

 

Province / Territory Total Area Burnt (ha) Total Area burnt in 
Ecumene (ha) 

Percent burnt in 
Ecumene 

Newfound and Labrador  127.68 0 0 
Prince Edward Island 0 0 0 
Nova Scotia 0 0 0 
New Brunswick 0 0 0 
Quebec 1,499.54 161.28 10.76 
Ontario 2,809.01 66 2.35 
Manitoba 24,552.2 1,658.99 6.76 
Saskatchewan  6,698.52 3,152.84 47.07 
Alberta 58,867.57 14,386.56 24.44 
British Columbia 2,950.8 1,556.93 52.76 
Yukon 0 0 0 
Northwest Territories  0 0 0 
Nunavut 0 0 0 
Canada 97,505.32 20,982.6 21.52 
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Figure 2: The occurrence and location of forest fires compared to ecumene area across 
Canada, caused by human prescribed, 1988-2018 
 

As indicated through Table 5, Table 6, and Figure 3, lightning resulting in forest fires is 

one of the major driving forces for majority of the provinces, especially in western Canada. As 

seen in Figure 3 the pattern of fires tends to follow where the boreal forest is found in Canada, 

beginning in Labrador and across Canada to northern Yukon and Northwest Territories. One of 

the provinces that lightning impacts less frequently compared to the other listed causes is Nova 

Scotia. This can be seen as the province had one of the highest human accident forest fire 

percentages, but has only five fires occurring because of lightning, with 36.05 ha being burnt. 

This is not the case for the rest of the provinces located west of Nova Scotia, with thousands of 
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fires occurring because of lightning. However, the percentage of amount of fires occurring and 

area burnt within the ecumene from lightning, is much lower. The majority of these fires tend to 

have occurred outside of the ecumene in more isolated areas. As seen in Quebec, there were very 

few fires within the ecumene at 59 compared to the 1,705 fires overall in the province. These 

fires tend to occur much more frequently in more northern Quebec and also tend to burn larger 

amounts of land directly east of Hudson Bay. While on the west side of Hudson’s Bay, in 

Ontario, the forest fires tend to burn much less area and occur less frequently around Hudson’s 

Bay. Within Saskatchewan the highest percentage of area burnt within the ecumene occurs, with 

it also having the second highest total area burnt overall. However, the province has a lower 

number of fires occurring because of lightning compared to Quebec, Ontario, and Manitoba. In 

western Canada the frequency of fires occurring increases in Alberta and British Columbia, with 

British Columbia having the highest percentage of fires occurring within the ecumene, and the 

second highest after Saskatchewan for percentage of area burnt within the ecumene. This can be 

seen through Figure 3 as fires are plotted throughout the province, with clusters appearing in 

southeastern and central northern British Columbia, following along the Canadian Rockies. 

These fires tend to get larger in northern areas compared to southern areas. As illustrated, high 

numbers of fires with large amounts of area being burnt occurs in northern Canada, especially in 

the Yukon and Northwest Territories. These two areas have two of the highest amounts of total 

area burnt. With the Northwest Territories having the highest, with over 16 million hectares 

burnt, with many of the larger fires occurring from 2010+ and majority overall occurring since 

2000+. This being said these two areas also have the lowest percental for percentage burnt within 

the ecumene, with 0.05% in the Yukon and 0.9% in the Northwest Territories. Overall, fires 

occurring because of lightning, follows a distinct pattern across Canada within the boreal forest. 
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Lightning is becoming the greatest threat for fires and amount of land burnt within Canada, but 

this being said the majority of this occurs outside of ecumene areas. 

Table 5: The total number of fires that occurred and the percentage that occurred within 
the ecumene by province, caused by lightning, 1988-2018 
 

 
Table 6: The total area burnt, and percentage burnt within the ecumene by province, 
caused by lightning, 1988-2018 
 

 
 
 
 

Province/ Territory Amount of Fires Amount of Fires in 
Ecumene 

Percentage of Fires 
in Ecumene 

Newfound and Labrador 171 4 2.34 
Prince Edward Island 0 0 0 
Nova scotia 5 3 60 
New Brunswick 3 0 0 
Quebec 1,705 59 3.46 
Ontario 1,591 30 1.89 
Manitoba 3,729 207 5.55 
Saskatchewan 1,578 83 5.26 
Alberta 2,070 109 5.27 
British Columbia 3,315 556 16.77 
Yukon 1,069 4 0.37 
Northwest territories 2,476 15 0.61 
Nunavut 13 0 0 
Canada  17,564 1,060 6.04 

Province / Territory Total Area Burnt (ha) Total Area burnt in 
Ecumene (ha) 

Percent burnt in 
Ecumene 

Newfound and Labrador  1,079,050.27 4,549 0.42 
Prince Edward Island 0 0 0 
Nova Scotia 36.05 27.52 76.34 
New Brunswick 902.81 0 0 
Quebec 9,895,726.89 377,362.37 3.81 
Ontario 4,865,165.96 73,578.64 1.51 
Manitoba 9,034,202.41 839,512.98 9.29 
Saskatchewan  12,981,048.00 1,837,873.15 14.16 
Alberta 4,447,173.66 54,390.90 1.22 
British Columbia 4,308,118.04 439,764.43 10.21 
Yukon 5,777,633.42 3,116.34 0.05 
Northwest Territories  16,338,532.67 146,344.36 0.90 
Nunavut 205,454.06 0 0 
Canada 68,933,044.2 3,776,519.69 5.48 
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Figure 3: The occurrence and location of forest fires compared to ecumene area across 
Canada, caused by lightning, 1988-2018 
 

There are five main causes of forest fires in Canada, three of which have been illustrated, 

but there are also two others determined as either other or unknown, which in Table 7, Table 8 

and Figure 4, have been combined as one cause, indicated as other/ unknown. Since this category 

of cause does not have a clear factor or reason as to why a fire has started, a distinct pattern is 

less likely to be determined and more so a general observation of what has occurred in each 

province. In Nova Scotia there have only been few forest fires that have resulted because of 

other/ unknown, but 78% of these fires have occurred within the ecumene area. In Manitoba over 

2,000 of these fires have occurred, comprising 70% of Canada’s fires that have been determined 
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as other/unknown. The majority of these fires have been very small in area, leading to under 10% 

of the area that has been burnt being in the ecumene, but 36% of the fires occurring within the 

ecumene at some point. Another significant observation occurs in Saskatchewan, where only 85 

fires have occurred (more than 2,000 less then Manitoba), but it has one of the highest amounts 

of total area burnt within a province (~210,000 ha more than Manitoba). Once again in Alberta 

there is a high amount of fires occurring, with 40% of fire occurring within the ecumene, as they 

are located along the border of many ecumene areas, especially in northern Alberta. This can be 

significantly seen near the provincial border of Saskatchewan, where three large fires have 

occurred outside and within the ecumene area. As seen in Table 7, Alberta has the second highest 

percentage of fires occurring within the ecumene, with Ontario being the highest at 47%. Ontario 

had 21 other/ unknown fires, with 10 of them occurring within the ecumene. Compared to 

Alberta and Manitoba, the Northwest Territories experienced less fires by this cause, but it has 

the highest total area burnt outside of the ecumene, with over 2,500,000 ha being burnt but only 

18ha being burnt inside the ecumene. Forest fires caused by other/unknown in Canada are more 

difficult to draw a distinct pattern from but when comparing the frequency and area burnt 

because of the cause with each of the other causes there are some correlation between all forces 

and the provinces. 
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Table 7: The total number of fires that occurred and the percentage that occurred within 
the ecumene by province, caused by other/ unknown, 1988-2018 
 

Province/ Territory Amount of Fires  Amount of fires caused 
in Ecumene 

Percentage of fires 
in Ecumene 

Newfound and Labrador 42 4 9.52 
Prince Edward Island 0 0 0 
Nova scotia 37 29 78.38 
New Brunswick 1 0 0 
Quebec 62 7 11.29 
Ontario 21 10 47.62 
Manitoba 2,506 904 36.07 
Saskatchewan 85 10 11.76 
Alberta 527 214 40.61 
British Columbia 35 8 22.86 
Yukon 12 0 0 
Northwest territories 383 2 0.52 
Nunavut 3 0 0 
Canada  3,694 1,188 32.16 

 
 
Table 8: The total area burnt, and percentage burnt within the ecumene by province, 
determined as other/unknown, 1988-2018 
 

Province / Territory Total Area Burnt (ha) Total Area burnt in 
Ecumene (ha) 

Percent burnt in 
Ecumene 

Newfound and 
Labrador  

192,980.40 9,529.90 4.94 

Prince Edward Island 0 0 0 
Nova Scotia 791.54 397.43 50.21 
New Brunswick 0.8 0 0 
Quebec 93,602.19 186.4 0.2 
Ontario 56,830.11 1734 3.05 
Manitoba 1,844,484.74 112,344.76 6.09 
Saskatchewan  2,054,895.65 80,570.33 3.92 
Alberta 2,185,333.22 696,593.71 31.88 
British Columbia 78,206.94 32,171 41.14 
Yukon 9,281.72 0 0 
Northwest Territories  2,551,956.82 18.08 0.0007 
Nunavut 7600 0 0 
Canada 9,075,964.13 933,545.61 10.29 
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Figure 4: The occurrence and location of forest fires compared to ecumene area across 
Canada, determined as other/unknown, 1988-2018 
 
4.2 The change in fire frequency from 1988- 1998 compared to 1998-2007 
 
The change in the amount of area burnt and the number of fires that have occurred between three 

different sets of 10-year periods (exception of time period three, 11 years) is shown in both 

Figure 5 and Figure 6. Figure 5 compares the first two time periods (1988-1997 to 1998-2007) to 

see either an increase or decrease in the amount of area burnt and the number of fires that have 

occurred. In Figure 6, the second and third time periods (1998-2007 to 2008-2018) are compared 

to examine the same patterns. Then with Figure 5 and Figure 6, we can examine the difference 

from the beginning of the 30 years to the end, in 10-year increments. 
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For the change in the amount of area burnt, the blue shades indicate a negative, therefore 

meaning that between the two timeframes there was less land burnt, with the darkest blue 

indicating the greatest decrease in area. The red shades indicate more area being burnt, with the 

darkest shade once again indicating provinces that have had the highest increased change in the 

amount of area burnt. The second statistic being shown is the change in the amount of fires that 

have occurred, which is illustrated by the yellow or green circles. In this case the yellow circles 

indicate a decrease in the amount of fires, with the smaller yellow circles representing the 

provinces that have experienced the largest decrease in number of fires. The green circle 

indicates provinces that have had more fires occur between the two-timeframes, with each larger 

size indicating a larger increase in the number of occurrences. These representations are the same 

for both Figure 5 and Figure 6 in order to compare the two figures together. 

As illustrated in Figure 5, the amount of area burnt from fires between timeframe one and 

two shows that majority of the country experienced a decrease in burnt land area. This can be 

seen especially in eastern Canada. There is an exception of Northwest Territories which has the 

second highest decrease with almost 4 million less hectares having been burnt. Along the 

western side of Canada, there is a slight increase in the amount of area burnt, with Alberta 

having the largest increase in area burnt at over 2 million more hectares burnt between 1998-

2008. For the number of occurrences of forest fires across Canada, an increase or a decrease in 

occurrences occur across Canada. With six provinces/ territories having a reduction in 

occurrences and seven experiencing an increase. This being said, the areas that have experienced 

a decrease overall is much lower with the largest decrease at 77 less fires in the Northwest 

Territories, while provinces that have had an increase are in the hundreds and thousands. 

Particular areas that stand out are, Alberta and British Columbia that both have had an increase 
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in the amount of fires and the amount of land burnt. Ontario experienced the opposite with both a 

decrease in fire occurrence and the amount of land burnt. While Manitoba experienced the 

largest reduction, at over 4 million less hectares burnt, it had the largest increase in the number 

of occurrences of fires with 3,245 more in the 1998-2007 period compared to the 1988-1997 

period. 

Figure 5:  The difference in the amount of area burnt (hectares) and the number of fires 
that have occurred from time period one (1988-1997) to time period two (1998-2007) 
 
4.3 The change in fire frequency from 1998-2007 compared to 2008-2018 

Within Figure 6, the change in the amount of area burnt and the amount of fire occurrences 

between timeframe two and timeframe three are illustrated, allowing us to see the change in the 

last decade. As can be seen, the majority of the country is highlighted either red or pink, with 
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many green circles, signifying that across the country there was an increase in land area burnt 

and in frequency of fires in the last decade. This is seen most commonly west of Ontario where 

each province/ territory experienced both a large increase in both factors, with the exception of 

Yukon, which had more fires occur but the largest decrease in area burnt. The four areas with the 

most concern are Saskatchewan, Alberta, British Columbia and Northwest Territories. As seen in 

Saskatchewan the data doesn’t represent the normal pattern expected. This being because the 

province had a decrease in the amount of fires, 14 less occurred, but the province experienced a 

drastic increase of ~3,500,000ha of area burnt. This is greatly different then the statistics seen in 

the last decade comparison (1988-1997 to 1998-2007) for Saskatchewan (Figure 5). Alberta and 

British Columbia are of great concern because in both Figure 5 and 6 they had an increase in 

both factors, indicating that the issue is continually getting worst. This is especially notable in 

British Columbia, as the province had under a million hectares burnt in the first two decades of 

statistics but within the last decade (2008-2018) the province had a record breaking ~4.2 million 

hectares burnt. In addition, the province had only 1,156 fires in the 1998-2007 timeframe but 

quadrupled this number in the last 11 years with 4,065 fire occurrences. The outcome in the 

Northwest Territories is opposite to the one illustrated in Figure 5, as the area had experienced 

the greatest decline in both land area burnt and number of fires. While the change in the last 

decade has been the largest increase in area burnt, with almost 4 million more hectares burnt, and 

545 more occurrences, making it one of the top jurisdictions impacted greatly by increased fire 

activity.  
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 Figure 6: The difference in the amount of area burnt (hectares) and the amount of fires 
that have occurred from time period two (1998-2007) to time period three (2008-2018) 
 
4.4 The change in fire frequency for each of the four causes compared between all three 

timeframes 

As seen over the last 30 years, the general pattern in amount of area burnt and the frequency of 

fire occurrences has increased across Canada. Figure 7 helps demonstrate this increase, the 

possible driving forces for this increase, and which source of cause for forest fires has been the 

most drastic over the last 30 years. Out of all four causes three; human accident, lightning, and 

human prescribed, have increased during each timeframe period. The greatest cause is lightning 

for each timeframe, but human accident is increasing at the same rate generally throughout the 
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30 years. Human prescribed measures have overall seen a small and controlled increase 

throughout each 10-year increment. This indicates that there are multiple driving forces causing 

the increase in frequency and severity of forest fires across Canada. 

 

 
 
Figure 7: The amount of fire incidence resulting from each of the four causes, during each 
10-year increment timeframe, over 30 years across all of Canada 
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5.0 Discussion  
 
Within this study I focused on the patterns of forest fire frequency, severity and their driving 

forces across Canada, as a whole and provincially. This was evaluated through obtaining 

previously gathered data, from Natural Resources Canada, and the census. These data were then 

illustrated through the development of figures and graphs to represent the change in forest fire 

patterns in the past 30 years (1988-2018). It was observed that with the changing climate there 

has been an overall increase in the frequency and severity of forest fires, especially in western 

Canada. This increase being mainly caused by lightning. However, this phenomenon has 

occurred more frequently because of longer and drier fire season and more severe storms. 

Outside of naturally occurring causes, another large concern is the increase in the amount of 

human accident-caused fires within and around the ecumene area, which directly impacts human 

health and the local economy. Lastly, the observation of an increase in the amount of human 

prescribed fires, which mainly occurs along the border of British Columbia and Alberta. These 

resulting because of the increase in the need for prescribed fires to combat both environmental 

and economic concerns arising because of impacts of the warming climate. 

 
5.1 Increase in the severity and frequency of forest fires in the last 30 years 
 
As seen in Figure 6, the general pattern of forest fires in Canada has rapidly increased in both 

frequency and severity, especially within the last decade. These amplified occurrences can be 

explained by taking into account the warming climate that has been occurring globally because 

of human activity. In Canada, the boreal forest is the largest forest region occupying 

approximately 315 million hectares. It contains many ecosystems which are determined by 

climate and rely on fire as a critical ecosystem process to shape its structure and function (Weber 

and Stocks, 1998). Fire events are a natural cycle that has occurred throughout time and has 
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shaped the ecology of forest in many ways. Including both the death and regrowth of many plant 

species within the boreal forest, like black spruce, and jack pine, which are the dominate species 

present. But an increase in climate warming caused by anthropogenic effects has altered this 

natural cycle, with more severe forest fires, that occur more frequently and burn more area 

(Gillett et al, 2004). 

 With each fire season, fire activity intensifies, as seen in Figure 6, this then influences 

the next fire season by leading to more atmospheric warming and more damaged dry vegetation.  

This is because of the role fire plays in the release of greenhouse gas emissions, especially 

carbon dioxide, and methane during combustion. The boreal forest is Canada’s largest carbon 

sink, storing 208 billion tons of carbon which helps on a global scale mitigating climate change. 

But with an increasing amount of forest fires, this carbon is being released back into the 

atmosphere, contributing to more warming of the climate and drier summers, making it more 

prone to fires in the following fire season.  

This increase in frequency and severity of forest fires within Canada as temperatures 

warm is very apparent in western Canada where majority of the provinces have experienced an 

increase in both factors, especially British Columbia. Within the last two fire seasons, British 

Columbia has broken its provincial records in the amount of fire incidences, area burnt, and costs 

associated with suppression measures. As stated on British Columbia Government page, in 2017 

there were a total of 1,353 fires with a total of 1,216,053 hectares burnt with a total suppression 

cost of 649 million dollars spent. Then again in 2018 the province experienced more fire 

incidences at 2,117 with 1,354,284 hectares burnt with the second highest cost in wildfire 

suppression of 615 million dollars. British Columbia is not the only jurisdiction that has 

experienced a drastic change in forest fires, notably Saskatchewan and the Northwest Territories 
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have as well. Within these two jurisdictions they both had experienced a decrease in amount of 

area burnt (Figure 5), but then within the last decade have experienced two of the largest 

increases in area burnt (Figure 6). This drastic increase in number of hectares burnt within 

Saskatchewan can be associated with warming climates which has led to higher summer 

temperatures and lower annual precipitation compared to the past (Price et al, 2013). This has 

resulted in larger fires that last longer in the province. This happens because the area is drier than 

usually due to longer drought periods, with less easily accessible water to help reduce the spread 

of fires efficiently. Within the Northwest Territories the change from a decrease in incidence and 

area burnt to an increase, could also be in association with warming climates but also because of 

its more remote location. With the Northwest Territories being in northern Canada, they have 

experienced more significant changes in day-to-day weather, with warmer winters with less 

snow, and more melting ice. These three factors have contributed to the territory’s overall 

warmer climate. Less ice leads to less radiation being sent back out to the atmosphere and 

instead being absorbed by the ground and water, leading to warmer temperatures. Also, the 

location of many of the fires that occur here are more remote and more difficult to access in 

order to perform fire suppression measures and contain fires, causing larger fires that burn longer 

(Gillet et al, 2004).   

It is important for provincial and federal governments to put more research and funds into 

these areas to develop management strategies when fires occur, but also mitigation measures and 

new policies to help reduce the occurrence of fires each season. Some of this further research 

could consider the trends that have occurred within Quebec within the last 30 years, as the 

province has had a slight increase in amount of fires but a significant decrease in the amount of 

area burnt each year. This could be associated with the difference between eastern and western 
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Canada’s annual precipitation levels. This being that eastern Canada (east of Manitoba), receives 

significantly higher annual precipitation from lake and ocean influences, impacting the forest 

productivity and occurrence of fires (Price et al, 2013). However, the decline in area burnt within 

Quebec could also be associated with management strategies, policies, and provincial adaptation 

plans. Therefore, it is important to take into account the provinces, like Quebec, that have been 

experiencing a decline in fire activity, as it could play a critical role in solutions for other 

provinces, as annual temperature continue to rise, and fire incidences become more common 

within Canada. 

 

5.2 Rise in lightning resulting fires, as warming climates influence this natural phenomenon  

As forest fires continue to escalate throughout Canada, going beyond its natural disturbance 

cycle, it can be noted that throughout the 30 years studied that each 10-year increment’s driving 

force behind fire incidences has been lightning (Figure 7). This can be noted throughout Canada, 

as lightning is the major cause for fires in each province and territory, as seen in Figure 3. This 

being the cause for the most damage, as lightning is the source of ignition for approximately 

85% of area burnt in Canada (Gillet et al, 2004). It can also be noted that lightning has increased 

throughout each set of years, as illustrated in Figure 7. This is apparent within British Columbia, 

as both record-breaking years had over half of the fires started by lightning, with 57.1% of the 

being lightning caused in 2017, and then 70.3% in 2018 (British Columbia Government, 2019). 

Overall this increased trend in lightning-caused fires can be associated with climate change 

because weather and climate are the most influencing factors to fire activity. Therefore, as these 

factors have been warming, the conditions within the boreal have been impacted, altering them to 

be more prone to ignite from lightning (Flannigan et al, 2005). This is because of two 
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interconnected factors, one being more severe and unpredictable storms, and the second being 

the lowering of fuel moisture. The possibility of ignition increases with climate warming because 

of more frequent storms, and cloud to ground lightning discharges (Price et al, 2013). Meaning 

that as more storms occur during the fire season there is higher probability of lightning striking 

vegetation or the forest floor. Additionally, warming climates have led to longer drought periods 

and drier fire seasons, causing the vegetation and forest floor to be drier. This has to do with 

lower fuel moistures, typically meaning that the vegetation present (trees, shrubs, leaf litter, etc.) 

is very dry with little moisture, making it more prone to ignite by lightning. With these 

conditions, vegetation can also support more vigorous fire spread, making it an important factor 

in the increase in the amount of area burnt (Flannigan et al, 2015).  

As past studies have shown by Stock et al (1998), warming temperatures will lead to an 

earlier start to the fire season and significant increase in area burnt because of these changing 

conditions. Figure 3 shows the impact of more area burnt by higher fire activity over a longer fire 

season around the southern point of Hudson Bay, extending into western Ontario and eastern 

Quebec. As can be seen lightning-caused fires are more prominent on the eastern side in Quebec, 

this possibility having to do with the warmer conditions that are present there. When the ice 

melts on the Hudson Bay, it moves with prevailing winds toward the west side, therefore, ice is 

present here for longer, which reflects solar radiation causing the area to stay cooler longer in the 

spring, shortening the fire season. When compared to the eastern side in Quebec which warms 

quicker with exposed waters, warming the atmosphere and land earlier causing a longer fire 

season in the area. 

When dealing with rapidly increasing occurrences of fires in Canada it is important to 

consider the areas that are impacted greatly by fire ignited by lightning. This is because they tend 
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to occur outside of the ecumene area in more remote areas, where access is more difficult and 

fire suppression and management costs more. But within these remote areas, there are many 

smaller communities present, including Aboriginal communities, which are impacted and 

displaced by these disasters. Many communities located in these areas depend on the boreal 

forest for economic reasons through forestry practices, or for cultural reasons, in which all 

aspects of the land play a critical role in daily lives and traditions. Communities are greatly 

impacted as they tend to depend on the land for many different reasons, so when it is damaged 

they may be forced to leave their communities for survival. Therefore, as governments continue 

to work on management and adaption plans to deal with forest fires, it is important that research, 

time, and money is put forward to consider these more remote communities as they are put in 

danger and greatly impacted.  

 

5.3 The rise in forest fires appearing within the ecumene driven by human accident 

With a continually warming climate, and conditions that are more prone to ignite, human- 

accident caused fires have also been increasing in occurrence, as a variety of human activity has 

caused forest fires to begin. Compared to lightning caused fires, human accident fire tends to 

burn less area of land per fire, but the frequency has been increasing as recreational activities like 

camping, and hunting, and industrial activities including, timber production and railway 

transportations, continues in drier climates. Human-caused fires usually occur depending on the 

fuel moisture of the forest floor materials, at the time of when a fire brand lands on these 

materials, determining if they ignite and how quickly (Wotton et al, 2003).  

The increase in amount of dry days during the fire season has led to fires starting more 

commonly by these mistakes within the ecumene area, making this forest fire cause the most 
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prominent danger directly to human safety, health, and their communities. The presence of fire 

activity in and around communities is dangerous for human and community safety, as it can 

easily burn out of control and move in unpredictable ways with the wind. Causing all 

infrastructure, and human lives to be at risk. This risk is greatly recognized in fire management 

and adaptation strategies, as they focus on ways to control spreading of forest fires and ways for 

communities to adapt to limit the risk of fires directly entering communities. 

 Other than danger directly associated with flames, human health danger is also 

associated with forest fires from smoke and haze that is released during combustion of 

vegetation, which can travel kilometers from where a fire is actually occurring. The main 

concern from the presence of smoke is particulate matter (PM) emissions, especially particles 

smaller than 2.5um, which is largely associated with forest fire smoke, as one third of Canada’s 

PM2.5 emissions comes from forest fires (Haider et al, 2019). Many different chemicals that 

contribute to adverse health impacts are released when biomass is burned, including combustion 

material, sulfates, nitrates, mercury, and dust, with the amount released depends on the type of 

biomass burned and the intensity (Rittmaster etal, 2006). There is also the release of other gases, 

carbon monoxide, methane, nitrous oxide and many other air toxins (Cascio, 2018). It is widely 

recognized that smoke reduces air quality, but only recently, with more fire incidences, have 

studies focused on how this lower air quality impacts human health, including; respiratory 

morbidity, heart disease, stroke, and premature mortality (Cascio, 2018). The dangers of fire 

smoke to human health can be seen in a study done in 2012 by Johnston, where the 

contemporary estimate of mortality on an annual global scale from landscape fire smoke was 

339,000 deaths (Cascio, 2018). As the intensity and occurrences of forest fire continues to 

increase, atmospheric transport of smoke and emissions continues to be a growing public health 
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problem. As smoke and emissions impacts many communities and vulnerable populations, 

especially ones with respiratory and cardiovascular disease, middle age and older adults, and 

pregnant women (Cascio, 2018). These possible health dangers are greatly seen within 

southwestern British Columbia, during 2017 and 2018 as there were a number of regional haze 

and smoke events, due to long range transport of major fires that occurred in the northwestern 

region outside of the ecumene area. This therefore indicates that fires that occur within and 

around the ecumene areas are of much danger as the smoke occurs very close to inhabited areas. 

Considering these health concerns is very important going forward, as governments make 

decisions regarding management of wildfire risk, to ensure that human health, even after a fire, is 

not compromised. This being said in order to help reduce human accident caused fires in and 

around ecumene areas, it is important to take measures to reduce dangerous human activity 

especially during fire seasons. This can be from both a federal or provincial government level 

and local level. Through new policies such as fire bans and more severe legal action taken when 

not followed, but also through more education within communities. Through education, people 

can be aware of the increased danger of potential forest fire ignition associated with drier 

conditions and by having more restricted zones (Wotton, 2003). Many precautions are already 

being put in place throughout many provinces, such as FiresSmart, which educates communities 

on adaption measures to reduce the risk associated with forest fires, as the seasons continues to 

lengthen and become more severe. 
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5.4 The rise in the need for human prescribed fires to help control climate change impacts on the 

environment and economics  

Beyond just natural and accidental causes, some forest fires in Canada are prescribed measures 

to help deal with environmental and economic concerns that have risen because of climate 

change. These fires are ignited, and majority of the time under control by humans, and is a tactic 

used across Canada, especially in British Columbia and Alberta (Figure 2). Prescribed burning is 

used for many reasons, one being to improve the safety of communities by suppressing fires to 

limit its spread into inhabited areas. This measure in order to reduce the danger to humans is 

greatly seen around ecumene areas or within National Parks. These measures may also be taken 

in order to benefit the economy through prescribed burns that help limit the damage done on 

forestry practices by naturally occurring fires, or once again in National Parks to maintain them. 

However, the main reason in recent years for the increase in prescribed burns, as seen in Figure 

7, is the need for control over insect disturbances, from both native and invasive insect species. 

 The use of prescribed burns is prominent along the British Columbia and Alberta border, 

where these controlled fires have taken place in order to restrict the spread of the mountain pine 

beetle, in order to benefit both environmental and economic factors. The mountain pine beetle is 

a native insect of the western boreal forest but within the last 30 years there has been an outbreak 

in its population mainly due to the warming climate.  As the climate has been warming and 

therefore climate zones are moving more north, areas in northwestern Canada’s boreal have 

become climatically suitable for this native species. As minimum winter temperatures have 

reduced allowing them to survive the winter months, and increased summer temperatures 

allowing more reproduction (Kurz et al, 2008).  
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The presence of higher population numbers, with outbreaks that occur early in the season 

and last longer has led to the death of millions of pine trees, destroying many mature pine 

forests. This has impacted the province’s biodiversity in the area and forestry practices and 

potentially tourism. Through the loss of many mature tree stands, the biodiversity in these areas 

have been altered as many other species have relocated since they cannot rely on the trees 

impacted for habitat and food. Also, the insect outbreak has severe impacts on the dynamic of the 

ecosystem by reducing the growth of millions of trees across along distance as they migrate 

throughout the province. This is one of the main reasons why prescribed measures have been 

taken along the two provinces border in an effort to minimize the migration eastward of the 

beetle.  

Beyond these ecological impacts there is also a large economic impact associated with 

the insect epidemic. This is currently seen in forestry, as the loss of mature tree stands contribute 

to large loss in timber sales, as was reported in 2006 with an estimated loss of 435 million m3 of 

timber loss (Kurz et al, 2008). On top of this the mountain pine beetle continues to expand, as 

numbers don’t die off in the winter and continue to migrate into other pine forested areas, 

causing a concern for the tourism industry. This being because when the tree stands die, they turn 

a red color and then grey in later years, this therefore has changed the way many tourism towns 

and National Parks appear. Bringing concern on how, as more trees die off, areas that rely on 

tourism, will be impacted as they become less appealing for tourist. This concern is noticeable 

within Figure 2, as the prescribed fires along the British Columbia and Alberta border occur 

along both Jasper and Banff National Parks. As climate change continues to change many 

aspects of the boreal, it can be predicted that prescribed fires will continue to rise in numbers 
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throughout the years to combat impacts, in order to protect environmental, societal, and 

economical factors, within Canada. 
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6 Conclusions 
 
Based on data presented on forest fire trends in the last 30 years in Canada, it can be concluded 

that there has been an increase in both occurrences and severity of fires in the majority of 

provinces and territories. This is apparent as all four major driving forces have increased since 

1988, with lightning and human accident being the main causes. Forest fire increase can be 

associated with climate change that has led to warmer and dryer fire seasons, which begin earlier 

and last longer each year. Due to this change the fuel moisture content of the boreal forest is 

much lower making it more prone to ignite by both lightning and humans. This creates 

increasing concern for adjacent communities as fire danger increases. This also brings instability 

and uncertainty economically as some populations depend on income from both forestry and 

tourism, as the increase in severity of forest fires has altered much of the landscape. A limitation 

to this study is that information was gathered only on fire activity, not the factors that influence 

fire activity, like annual temperature and precipitation levels. This means that observation of a 

warming climate and presence of drier fire seasons is a general observation, no data is used to 

compare the relationship between more frequent and severe fires to these two factors. This is 

mainly because the majority of studies have shown that warming climates, more drought periods, 

and more severe storms are associated with increase fire activity. As such, this study focusses  on 

the change in fire activity trends within Canada in general, not in comparison to temperature and 

precipitation levels.   

 The final outcomes from the data collected help support past studies that projected an 

increase in fire activity trends because of warming temperatures. It can also be beneficial for 

future studies that look at management, and adaptation strategies. As it can be seen that fire 

activity trends are increasing, but there is variation on a regional scale, indicating that provincial 
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governments will play an important role in future solutions. Therefore, it is important to look at 

the provinces that have shown less of an increase in either fire occurrences and/ or area burnt. In 

order to determine if this is because of environmental factors, like local climatic differences, 

dominant vegetation species, and topography differences; or if the changing trend in fire activity 

is less of an extent because of strategies and policies within these provinces, like Quebec. It is 

also important that more research is done in western Canada, to help determine ways to reduce 

the impact of forest fires within these provinces. As dangerous forest fires continue to ignite 

frequently in these areas, it is necessary to insure safety of both the biodiversity and 

communities. Studies involving forest fire trends and solutions will continue to be important in 

the current decade, as raising global temperatures continue with human activity and greenhouse 

gas emissions. In all likelihood, the severity of forest fire seasons will worsen with a warming 

planet. 
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