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Applying GIS for assessing wildfire risks to
climate change in Saskatchewan
Mei Luo, Joseph M. Piwowar, University of Regina

Abstract: Unprecedented challenges are being placed on Saskatchewan’s forest fire
management program through expanding forest uses, increasing northern
populations, and escalating costs of fire suppression. Previous studies have found
a correlation between wildfire frequency and available moisture levels, suggesting
that climate plays a significant role in wildfire characteristics. Since the moisture
regime of many forested regions has been changing due to global warming it is
important to try and understand how climate change could impact the distribution,
occurrence, and intensity of wildfires in different regions in the province. Assessing
wildfire risks to climate change impacts is a complex and challenging issue, however,
since the occurrence and intensity of wildfires are influenced not only by climate,
but also by other factors such as vegetation type, topography, and soil condition.
In this article we present a wildfire index to examine the potential climate-induced
forest wildfire risk changes in northern Saskatchewan. The index is based on three
indicators including the density of lightning-caused wildfires under current climate
conditions, and expected changes in temperature and precipitation under future
climate scenarios. June wildfire data from 1959 to 1999 were used to plot the
spatial distribution of fire occurrence under current and future climate scenarios.
We found significant shifts in the high wildfire risk regions in northern Saskatchewan.
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Introduction
Wildfire is a natural process that threatens forest values including
timber supplies, recreational opportunities and wildlife habitat. Reducing
the risk of wildfire is a critical issue for protecting forest resources,
minimizing endangered animal losses, and maintaining the sustainability
of local forestry-based communities (Prevedel, 1995). The issue is
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particularly challenging, however, due to the temporal and spatial
complexities of wildfire occurrences. The spatial inventory and analysis
capabilities of Geographic Information Systems (GISs) can help derive
regional scale descriptions of wildfire configurations (Greer, 1995; Didon
et al., 1996).
GIS has become a popular and effective tool for wildfire management
(Ambrosia et al., 1998; Pew and Larsen, 2001; Theodore, 2004). For example,
the GIS embedded in the Canadian Wildfire Threat Rating System (WTRS)
allows resource managers to explore the effect of management actions on
the threat of wildfires, the potential impact of those fires on forest resources,
and the various options available for reducing the probability of large,
intense wildfires (Hawkes and Beck, 1997). The Airborne Wildfire
Intelligence System (AWIS) is a commercial and automated system that
can provide integrated fire intelligence and higher level decision support
products in near real time via GIS and the Internet (Campbell et al., 2002).
Further management strategies involving space-time models are continuing
to be developed (Yuan, 1994).
Increasing forest uses, growing populations, and the escalating costs
of fire suppression are placing unprecedented challenges on
Saskatchewan’s fire management program (Kafka et al., 2001). Such a
situation could be much worse under a changing climate regime since
forest wildfires are sustained mainly by soil and tree moisture levels. Thus,
weather plays a significant role in a wildfire’s characteristics. In general,
warmer and drier weather leads to more severe fire behavior. This has
already been observed in some regions that are experiencing more intense
global warming (Weber and Flannigan, 1997). If trend towards warmer and
drier conditions continue into the future – as projected by some climate
change scenarios - wildfire risks would be increased.
Saskatchewan’s forest resources are particularly vulnerable since they
already exist at the margins of climatic suitability (Flannigan et al., 1998).
Climatic changes in Saskatchewan might produce one of the largest
increases in fire danger in North America and have far-reaching implications
on sustainable forest management policies and practices in regions that
are already experiencing high recurrence of fire. It is important and urgent
for resource and fire managers to have tools to assess fire risk and to
assist them in strategic planning and risk mitigation based on current and
possible future weather conditions conducive to fire. (Parisien et al., 2004)
In addition to temperature and precipitation, the wildfire regime is
governed by topography, forest type, wind, lightning, and other factors.
Ideally, all these risk factors need to be considered in order to analyze the
potential of wildfire under climate change (Parisien et al., 2005). Some of
these factors are interrelated, however, and including them all can produce
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less parsimonious models. For example, an increase in atmospheric moisture
often leads to more frequent lightning-caused fire ignitions. Further, some
factors, such as topography and forest type, can be considered to be
constant under changing climate conditions. Yet other factors, such as
wind, need to be removed from future wildfire models simply because we
do not yet have the capacity to project these conditions into the future.
Only temperature and precipitation projections obtained from general
circulation models (GCMs) are widely available; future scenarios for most
of the other factors are either non-existent or poorly developed.
In this research we investigate the potential impacts of climate change
on wildfire risks in the forest covered area of Saskatchewan. Our objective
was to determine if the regions of highest wildfire risk could be shifted
under a changing climate. The spatial distribution of fire occurrence from
1959 to 1999 was analyzed in conjunction with averaged monthly
precipitation and temperature data for the same period. We then employed
a climate change scenario to project these data into the 2050s and
developed a wildfire index as a tool for assessing the potential risks of fire
under climate change for the forest-covered regions of the province.

Study Area
Overview of the Study Area:
This study encompasses all of the Province of Saskatchewan, Canada
(Fig. 1). Saskatchewan’s environment can be divided into three hierarchical
levels, based on the ecological land classification. At the highest level
there are four ecozones that span the province in broad latitudinal ranges
(Agriculture and Agri-Food Canada, 2005). The ecozones are subdivided
into eleven ecoregions (Fig. 1) and then 157 landscape areas. The area
and climate conditions of the eleven ecoregions are summarized in Table 1.
The recent Intergovernmental Panel on Climate Change (IPCC) report
(Watson et al. 1996) suggests that of all the world’s forests, the boreal
forest is expected to be the most vulnerable, because warming is expected
to be particularly large at high latitudes, and because boreal forests are
more strongly affected by temperature than forests in other latitudinal
zones (Kirschbaum and Fischlin 1996). Increased forest fire activity is
expected to be an early and significant result of a trend toward warmer and
drier conditions (Stocks 1993).
Examination of the spatial distribution of all large (>200 hectares)
Canadian fires showed that by far the greatest area burned occurred in the
boreal region of Saskatchewan (Stocks et al. 2002). They attributed this to
a combination of fire-prone ecosystems, extreme fire weather, lightning
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Figure 1: Map of Saskatchewan ecoregions.
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Table 1: Area and climate conditions of Saskatchewan ecoregions.

activity, and reduced levels of protection in this region. Globally, the boreal
forest stretches in two broad transcontinental bands, generally between
45 and 70 degrees north latitude, across Eurasia and North America. In
Saskatchewan, the Boreal Plains and Boreal Shield ecozones encompass
seven ecoregions starting with the Boreal Transition in the south and
proceeding north to the Selwyn Lake Upland. We analyzed wildfire risk by
ecoregion because the consistent vegetation and climate conditions within
each region are generally mirrored by consistent wildfire characteristics
over the same area.
Data:
Ecoregion boundary files were obtained from Agriculture and AgriFood Canada as ArcView shapefiles.
Wildfire data were obtained from the Canadian Large Fire Database
(LFDB, Canadian Forest Service, 2002). The LFDB is a compilation of all
fires greater than 200 ha that have occurred in Canada for the period 1959–
1999. The information of each fire include the year, month, day, province,
fire ID, latitude, longitude, start date, detect date, cause, size, fire region,
fire zone, ecozone, ecoregion, and ecodistrict. Although these data represent
only 3% of all fires, they account for more than 97% burned area and can
be used for spatial and temporal analyses of landscape-scale fire impacts.
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Figure 2: Large fires in Saskatchewan by cause.

Wildfires can have natural origins (i.e., lightning) or be caused by
human activities. Only those fires caused by lightning were used in this
research since they are much more common (Fig. 2) and since their natural
origins will make them more sensitive to changes in climate.
Further, since most wildfires in Saskatchewan occur in summer (Fig.
3) and the total number of lightning-caused fires in June increased by
decades since 1960s which is likely to correlate with the trend of temperature
change decades since 1960s, only data from June were incorporated in our
analyses.
The Canadian Ecodistrict Climate Normals 1961-1990 were used to
determine present monthly climate conditions (Agriculture and Agri-Food
Canada, 1997). This data set includes monthly maximum, minimum, and
mean temperatures, and monthly rain, snow, and total precipitation.
Climate projections to 2050 were based on the first generation coupled
Canadian General Circulation Model, greenhouse gas with aerosols
simulation 1 (CGCMI GA1) developed by the Canadian Institute for Climate
Studies (CICS, 2005). Five hundred arc-second grids of monthly values for
average maximum temperature and total precipitation were used.

Analysis Methods
Climate Change Wildfire Index:
Assuming the vegetation types within each ecoregion would not
change significantly in our analysis timeframe (fifty years), we hypothesized
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Figure 3: Large fires in Saskatchewan by month.

that changes in the wildfire regime arising from climate change could be
modelled primarily as a function of temperature and precipitation. Thus,
we formulated a climate change wildfire index (U) based on temperature
and precipitation projection and the propensity to wildfire in a region:
U = 0.5*F + 0.3*”T + 0.2*”P
Where: U is the index to measure fire regime under climate change, and
high value of U means high risks of fire occurrence under the future climate
scenario; F is the propensity to fire occurrence under present climate
conditions; ”T is the change in averaged monthly maximum temperatures
between the current and future climates; and ”P is the change in averaged
monthly precipitation between the current and future climates. In order to
distinguish the positive and negative relationship for each variable in the
equation, we rank ”T and ”P to values from 0 to 10, respectively. The low
limit of ”T is assigned as 0 and upper limit of ”T assigned as 10, meanwhile,
the low limit of ”P is assigned as 10 and the upper limit of ”P is assigned as
0.
A split sample of the data was used to adjust the model parameters’
weighting factors. That is, part of the earlier data were used to project
conditions at a later period within the temporal range of the data. These
forecasts were then compared to the actual conditions and the parameter
weights adjusted accordingly. With manually adjustment, we adopted
weights for the fire indicator as 0.5, the temperature indicator as 0.3, and
the precipitation indicator as 0.2.
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GIS Analysis:
We used ArcGIS V8.3 to assess the present wildfire regime and to
apply the climate change wildfire index to future climate scenarios (Fig. 4).
First, kriging was used to estimate statistical surfaces of present and future
temperature and precipitation data.
These data were then differenced and reclassified to produce projected
temperature and precipitation changes.
The spatial distribution of recorded June wildfire occurrences was
analyzed through the creation of a density surface. These surfaces were
combined through map algebra to compute the climate change wildfire
index. The future wildfire risk map was derived from the climate change
wildfire index through a reclassification.

Results
Present distribution of wildfire occurrences:
Fig. 5 shows the location, size, and ignition source of all large wildfires
that burned in Saskatchewan over the period of 1959-1999. It is clear that
most of the lightning-caused fires have occurred in northern Saskatchewan
while fires of human origin dominated the south. In terms of quantity,
many more fires have burned in the north than in the southern part of the
province, likely because of the enhanced fuel supply (i.e., forests) and the
remoteness of northern regions.
When we analyzed the distribution of wildfires by ecoregion, we
found that the Churchill River Upland had the largest number of fires
during the 40-year period (Fig. 6). The number of fires decreases continually
as you move north through the Athabasca Plain, Mid-Boreal Uplands,
Selwyn Lake Upland, and Tazin Lake Upland. These five ecoregions alone
account for 90% of the total fires in Saskatchewan. Since these fires
occurred in northern Saskatchewan and since they were mostly started by
lightning, we conclude that northern Saskatchewan has the highest risks
of wildfire occurrence and focused our subsequent analyses there.
Fig. 7 shows marked increases in wildfire occurrences during the
1980s and 1990s, especially in summer (June to August). In contrast, the
percentage of human-caused fires appears to have decreased since the
1960s, especially in May, June (Fig. 8). When taken in combination, we
conclude that the number of fires of lightning origin has increased since
1960s. Fig. 8 also shows that most fires of human origin occurred in spring
(April) and autumn (October). Since there has been a constant increase in
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Figure 4: GIS analysis flowchart for assessing fire risks under climate change.
* Tmax_cur means averaged monthly maximum temperature for 1961-1990; Tmax_2050s
means averaged monthly maximum temperature for 2040-2069; Prep_cur means
averaged monthly precipitation for 1961-1990; Prep_2050s means averaged monthly
precipitation for 2040-2069.
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Figure 5: Large fires in Saskatchewan.

the total number of fires burning in June since the 1960s (Fig. 7) and a
continual decrease in the percentage of human-caused wildfire in June
since the 1960s (Fig.8), we conclude that June is a representative month to
analyze the fire risks under climate change.
Present and future distributions of climate variables
In general, wildfire occurrence is directly proportional to temperature
and inversely proportional to precipitation. That is, we would expect to
see an increase in wildfire activity in hot, dry weather. The spatial
distribution of wildfires plotted in Fig. 5 follows the measured temperature
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Figure 6: Large fires in Saskatchewan by ecoregion.

Figure 7: Large fires in Saskatchewan by month and decade.

and precipitation patterns in Saskatchewan, thereby supporting our
development of the climate change wildfire index to model wildfire activity.
According to the Intergovernmental Panel on Climate Change (IPCC,
2001), the global average temperature increased during the twentieth
century, with 1980s and 1990s as the hottest decades in the instrumental
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Figure 8: Percentage of large fires of human origin in Saskatchewan.

record. This has implications for the wildfire regime in Saskatchewan. For
example, Fig. 7 shows marked increases in wildfire occurrences during the
1980s and 1990s.
Fig. 9 presents the average maximum June temperatures for the 19601990 climate normal, the CGCMI GA1 projection for 2050s, and the
differences between them. The modeled temperature scenario projects an
overall increase in maximum June temperatures. The highest increase range
is 4-5 0C, found between the Tazin Lake Upland and Athabasca Plain
ecoregions in the northernmost reaches of the province. In general, greater
temperature changes are expected in northern Saskatchewan than in the
south.
Fig. 10 illustrates the average June precipitation for both the current
climate normal and the modelled climate for 2050, as well as their differences.
Most regions in Saskatchewan will experience precipitation increases under
this climate scenario. The largest precipitation increase will occur in eastern
Churchill River Upland along the boundary between Saskatchewan and
Manitoba. However, the model also projects precipitation decreases in
some regions with the largest negative changes occurring in the western
Tazin Lake Upland, western Athabasca Plain, and western Mid-Boreal
Upland ecoregions.
Climate change wildfire index:
We input the projected temperature and precipitation data into our
climate change wildfire model to map the distribution of potential wildfire
risks in 2040-2069. Fig. 11 shows the spatial distribution of the wildfire

Figure 9: June maximum temperature maps: left - June maximum temperature for 1960-1990; center – June
maximum temperature for 2040-2069(2050s); right – June maximum temperature change between current period
(1960-1990) and future period (2040-2069).

Prairie Perspectives
167

Figure 10: June precipitation maps: left - June precipitation for 1960-1990; center – June precipitation for 20402069(2050s); right – June precipitation change percentage for future period (2040-2069) based on current period
(1960-1990).
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index in comparison to the location of present wildfires. The density map
in Fig.11 shows that the larger number of lightning-caused wildfires
occurred in the eastern Churchill River Upland, central Mid-Boreal Upland
and eastern Athabasca Plain (red and brown area) while the green area in
the density map represents the regions that could experience a reduction
in lightning-caused fires. The wildfire risk map in Fig.11 shows that the
high and extreme wildfire risk area (brown and red region) has moved from
east side of northern Saskatchewan to west side of northern Saskatchewan.
The model projects enhanced fire risks in the Churchill River Upland,
Tazin Lake Upland, Athabasca Plain, and Mid-Boreal Upland ecoregions.
In general, our model projects the high fire occurrence regime will shift to
the west in northern Sasktchewan.

Summary and Conclusions
In this research, we applied a climate change wildfire index to analyze
the wildfire risks in Saskatchewan under a future climate scenario. The
index is calculated from three indicators: present wildfire occurrence, future
temperature projection, and future precipitation projection. The results
showed that the region of highest risk in June would shift to the west
under climate change in northern Saskatchewan. The change has many
implications for current fire management activities, such as pre-positioning
of resources, preparedness planning, prioritization of fire and forest
management activities, and fire threat evaluation. The recent studies show
that adaptation strategies such as fire-smart communities (Partners in
Protection 2003) and fuels management to limit area burned (Hirsch et al.
2001) are likely to be evident solutions created to respond to climate change.
In this study we intentionally restricted our climate projection to the
output from a single general circulation model to simplify our wildfire
index development and testing. In the future, different climate change
scenarios could be applied to examine the robustness of the index. Further,
including higher temporal and spatial scale satellite data would enable
more detailed fuel and burn models to be incorporated into the projection
analyses.
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