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1.0 Introduction

The Canadian Fire Weather Index (FWI) System is widely used across Canada and
internationally by fire management agencies to determine fire danger rating estimates across the
landscape (Van Wagner, 1987). The FWI System provides fire managers with numerical ratings
of fuel moisture in important fuel layers and several relative indices of fire behaviour (Wotton,
2009). The FWI System uses observations of temperature, relative humidity, 10 m open wind
speed, and 24-hour precipitation from 1200 local standard time (LST) to calculate three moisture
codes representing conditions in the forest floor. These moisture codes are representative of fuel
moisture at peak burn (=1800 LST) each day. These moisture codes are calculated using the
observed weather with the previous day’s fuel moisture codes values. The Fine Fuel Moisture
Code (FFMC) represents the moisture content in the small readily consumed fuels on the surface
of the forest floor (e.g., small twigs and dead pine needles). The Duff Moisture Code (DMC)
describes the moisture content of the upper layers of the forest floor where litter is beginning to
decay. The Drought Code (DC) represents the influence on long term drying on fuels and is an
indicator of moisture content in deep organic layers and large down and dead woody debris.
These three moisture codes are then used to determine three indices of fire behaviour. The Build-
Up Index (BUI) accounts for moisture levels in the fuels that are tracked by both the DMC and
the DC. The BUI provides a relative indicator of the potential fuel available for surface
consumption and is often used by fire management agencies as an indicator of the potential
difficulty of extinguishing a fire. The Initial Spread Index (ISI) combines the surface fuel
moisture content represented by the FFMC with the observed wind speed to provide an indicator
of the potential rate of spread of a fire. The last index is the FWI, a combination of the BUI and
IS1, and represents potential fire intensity and the overall fire danger.

Although the FW1 itself is the most common index used to classify overall fire danger, each of
the FWI System indices represents an aspect of fire danger, and their inference taken together
allows for the most complete picture of fire danger in a region. Fire management agencies will
often use different “classes” of fire danger, ranging from a scale of “Low” to “Extreme” to help
communicate fire danger across the organization and to the public.

The development of the danger rating classes using the Canadian FWI System first originated
using a climatological approach — basing classifications of fire danger on the relative occurrence
of FWI System indices in a period of time. For example, in Ontario, Stocks (1971; 1974)
examined the frequency of occurrence of each of the FWI System indices using climatological
records from a six-year time-period. The approach was to determine how many days in each fire
season should be considered, on average, for the “Extreme” class, and then set the lower limit of
the Extreme class to this boundary. Stocks (1971; 1974) assumed that 2% of days in a fire season
should fall within the “Extreme” class. The remaining classes were then arranged on a geometric
progression based on the FWI (see Van Wagner (1987) for more information). Once these fire
danger rating classes were created, the historical fire occurrence was examined with respect to
each class.

Other Provinces in Canada have also used climatology to determine FWI System classification
thresholds, some using strict percentile thresholds to determine class boundaries as opposed to
geometric progression of fire danger. In Alberta, Kiil, Miyagawa and Quintilio (1977) used pre-



defined percentile boundaries to determine FWI System classification thresholds. These
percentile boundaries corresponded to 3% of historical days in the Extreme class, 7% in the Very
High class, 20% in the High class, 40% in the Moderate class, and 30% of days in the Low class.

This climatology approach to fire danger classification has been used by others internationally, in
the United Kingdom (e.g., De Jong et al., 2016), the United States (e.g., Andrews et al., 2003)
among others. These studies used historical climatological occurrence of fire danger indices to
examine how the historical occurrence relates to fire activity (including fire occurrence and area
burned). De Jong et al., (2016) examined the association between percentile thresholds of each of
the Canadian FWI System indices and their relation to fire activity. They demonstrated the
advantages of using the percentile-based calibration approach for classifying fire danger in the
United Kingdom. Similarly, Andrews et al., (2003) paired a percentile analysis of US-based fire
danger rating indices with statistical methods to associate thresholds of fire danger with different
metrics of fire occurrence (e.g., multiple fire occurrence or large fire occurrence).

Recently, a shift from the historical climatological classifications has lead to the development of
more physically meaningful classifications derived from associations in the fire environment
(e.g., fire occurrence, rate of spread, depth of burn). In Ontario, Canada, the previously used FWI
System climatological classifications have been reviewed to propose updated adjective classes
based on a single physically defined association of each FWI System index (Hanes et al., 2021).
These classes were created for each of the six main FWI System indices and are based on
specific observable fire behaviour characteristics. For example, adjective classes for the FFMC
were created based on the potential for a sustainable flaming ignition using a reanalysis of field
test data in pine needle litter. DMC class divisions were created based on the potential for
lightning occurrence to lead to ignition using the empirical probability of lightning fire ignition
by Wotton and Martell (2005). These new physically-based classes are more interpretable for fire
management operational use, with their association being directly linked to potential fire
behaviour metrics.

We created fire danger rating classes using the Canadian FWI System for Switzerland using two
approaches for classification. As a starting point, we used a ‘percentile-based method’ following
the early classification schemes used in Canada. This method used 40 years of historical FWI
System indices to examine the frequency of occurrence of the FWI System components.
Although this simplistic method does not capture physical aspects of the fire environment
relating to fire danger, we felt that this method was a suitable approach to create initial fire
danger classes for Switzerland. In addition, we used a ‘physical-based method’ approach (similar
to that of Hanes et al., 2021) which considers attributes of the fire environment and the influence
of the FWI System indices on potential fire occurrence. This method was only used for a select
few indices where we felt we could use empirical probability of ignition models already
developed and used in the FWI System in Canada. When possible, we created fire danger classes
for different spatial regions in Switzerland to capture the variations in fire weather across the
country. We then examined the frequency of fire occurrence and area burned within each of the
defined classes.



2.0 Data
2.1 Description of Daily Weather Observation Data

The data used to create the percentile-based FWI System classifications was provided by
Meteotest using SwissMetNet weather station data. This consisted of weather observation data
from 687 weather stations (after removing weather stations that were outside of ecoregion
boundaries) across the country of Switzerland from January 1, 1981 to December 31, 2020.
Daily observations of temperature, relative humidity (RH), wind speed, and precipitation were
provided. This data was already cleaned and interpolated by Meteotest to ensure consistent daily
observations.

From the Meteotest weather observation data, the following were used as initial weather
observations:
e tasmax: Maximum daily temperature (°C)
e rh: RH calculated from the average daily temperature (tas) and dewpoint temperature (td)
e ff: Average daily 10 metre wind speed (m/s)
e pr: Daily precipitation recorded from 00 hrs to 24 hrs (mm).

Wind speed was converted to km/hr. The RH values provided exceeded the range of 0-100% in
some cases. Therefore, we calculated a different RH estimate based on the minimum and
maximum daily temperature values (with the assumption that the maximum dewpoint is reflected
by the minimum temperature). The following formula was used to calculate this new estimate of
RH:

112 — 0.1 X tasmax + tasmin

RH (%) =
(%) 112 + 0.9 X tasmax

2.2 Calibration of Daily Weather Data to 1200 LST Observations

The weather observations provided by Meteotest did not reflect weather conditions at 1200 LST
as required for the FWI System inputs. Therefore, we compared these “daily” weather
observation data with a sample dataset which consisted of hourly weather data for a subset of
weather stations across the country. The purpose of this comparison was to create a calibration
method to transform the provided “daily” Meteotest data to more accurately reflect 1200 LST
observations required for the FWI System calculation.

2.2.1 Description of Hourly Weather Data

Hourly weather data was provided from a network of 159 weather stations dispersed across the
country. This included weather observations from January 1, 2000 to December 31, 2020.
Weather observations of temperature, wind speed, RH, and precipitation were recorded for each
hour. This data was not cleaned and interpolated beforehand (unlike the daily data described in
the previous section). There were obvious data logging errors in weather observations (e.g.,
temperature values of 1,000,000 °C, negative wind speed values). Therefore, the hourly data was
cleaned and subset according to the following pre-determined rules:



e Maximum temperature was set to 40°C

e Minimum RH was set to 0%, maximum RH was set to 100%

e Minimum wind speed was set to 0 km/hr, maximum wind speed was set to 150 km/hr
e Maximum hourly precipitation was set to 500 mm

The weather observations outside of these ranges were removed from the data. This led to too
few weather stations with 1200 LST weather observations each day to calculate the FWI System
indices for a long enough time-period to be used to create FWI System classification thresholds.
However, this hourly weather observation data could still be used to compare with the daily
observational data to calibrate the daily observations to better reflect 1200 LST estimates.

2.2.2 Comparing the Daily and Hourly Weather Data

To calibrate the daily weather observation data to weather station observations that reflected
conditions at 1200 LST, we compared the daily temperature, RH, and wind speed observations
from the daily weather stations with the 1200 LST observations from the hourly weather data.
From this comparison, we decided to transform the daily weather observations according to the
rules below:

Maximum daily temperature minus 1°C

Wind speed was multiplied by 1.4 km/hr

RH was not transformed from our calculation in section 2.1
Precipitation was not transformed.

The next three sections describe the comparisons for temperature, RH, and wind speed with the
transformed daily weather observations to the hourly 1200 LST observations.

2.2.2.1 Temperature Transformation

The maximum daily temperature provided in the daily weather data was calibrated by -1°C to
represent the temperature at 1200 LST. Below shows the difference between the transformed
daily temperature and the 1200 LST temperature from the hourly data for the same sample of
weather stations:

25 percentile Median Mean 75" percentile
-0.70°C 0.00°C 0.14°C 0.90°C

After the -1°C transformation, on average the temperature difference is zero. Most of the weather
data has a temperature difference of less than 1°C. Figure 1 below shows a comparison of a
random sample of 30 weather stations and the transformed daily temperature values versus the
1200 LST hourly observed temperatures. The newly transformed daily temperature aligns closely
with the observed 1200 LST hourly temperature.
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Figure 1. Comparison of the transformed daily temperature with the observed hourly temperature
at 1200 LST. The red line indicates the 1:1 line of perfect agreement.

2.2.2.2 Relative Humidity Transformation

RH was not transformed further aside from our calculation of RH using the maximum and
minimum daily temperature values, with the minimum temperature used as the maximum
dewpoint temperature of the day. However, we did compare this estimate of RH with the
observed RH at 1200 LST in the hourly weather data to ensure that our estimate was comparable.
Below shows the difference in RH from the daily estimated RH with the 1200 LST observed RH:

75t percentile
5.9%

Mean
-1.9%

Median
-3.4%

25% percentile
-11.7%

On average, the daily estimated RH is about 2% less than the observed 1200 LST RH. Figure 2
below shows a comparison plot of the same random sample of 30 weather stations and the daily
estimated RH values versus the 1200 LST observed hourly RH. Although there are differences,
we do see the line of perfect agreement remain in the center of the distribution of values.
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Figure 2. Comparison of the daily estimated RH with the observed hourly RH at 1200 LST. The
red line indicates the 1:1 line of perfect agreement.

2.2.2.3 Wind Speed Transformation

The daily average wind speed value was transformed by multiplying it by 1.4 km/hr to represent
the wind speed at 1200 LST. We determined a multiplier of 1.4 km/hr by examining the
distribution of the ratio of the 1200 hourly wind speed to the daily wind speed for each wind
speed value. In Figure 3 below, the distribution of the ratio of hourly wind speed to daily wind
speed is shown for each value of the daily wind speed (note that these are categorized because
the original data were originally reported in whole numbers, which was then transformed from
m/s to km/hr). The median ratio was 1.4 km/hr, therefore we chose to use this ratio to transform
all wind speed values.
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Figure 3. Distribution of the ratio of the 1200 LST observed wind speed to the daily average
wind speed for each of the daily average wind speed values.

Once the wind speed values were transformed by multiplying by 1.4 km/hr, we compared the
difference in this daily transformed wind speed to the 1200 LST observed wind speed. Below
shows the range of difference:

25 percentile Median Mean 75" percentile
-4.0 0 0.8 4

On average, the transformed daily wind speed is equal to the 1200 LST wind speed. Figure 4
below shows the comparison plot of the daily transformed wind speed with the 1200 LST
observed wind speed for a random sample of 30 weather stations. Most wind speed values occur
at the low end (e.g., < 20 km/hr), therefore it is important that the multiplier works best in these
cases. In Figure 4 we see that for wind speeds below 20 km/hr, the multiplier works fairly well in
ensuring that the line of perfect agreement falls close to the center of the distribution. When the
daily transformed wind speeds value are high, we do see that these are overestimating the 1200
LST wind speed observations, however there are few observations at high wind speeds.
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Figure 4. Comparison of the daily estimated wind speed with the observed hourly windspeed at
1200 LST. The red line indicates the 1:1 line of perfect agreement.

2.3 Calculating Fire Weather Index System Indices

The components of the Canadian FWI System were calculated for each day from January 1, 1981
to December 31, 2020 for each of the 687 weather stations in the data using the “cffdrs” package
(Wang et al., 2017) in the R programming software.

It was requested that the FWI System indices be calculated continuously throughout the entire 40
year time-period, including the winter months during each year. To determine if there was an
influence on the continuous calculating of the DC impacting overall FWI System indices,
especially as the years continued, we explored two different datasets of FWI System indices: (1)
calculating the indices for a pre-defined fire season from March 1 to September 30 each year
using the standard start-up indices (FFMC = 85, DMC = 6, DC = 15 at the beginning of each
year; (2) calculating the FWI System indices using the standard start-up values on January 1,
1981 for each weather station, and ran continuously throughout the duration of the data until
December 31, 2020.

First, we examined if the DC should be overwintered. Overwintering of the drought code is not
necessary when over winter precipitation is over 200 mm (Lawson and Armitage, 2008), as the
snow generally recharges moisture reserves. We examined the amount of precipitation between
November 1 to March 30 for each individual weather station and year in the data. Only 4% of the
time there was precipitation less than 200 mm recorded. Out of these 4% of weather stations and
years that recorded less than 200 mm of precipitation, 75% of stations recorded at least 150 mm
of precipitation. Therefore, it is rare that there is significantly less than 200 mm of over winter
precipitation. Figure 5 shows the monthly distribution of precipitation for all of the weather
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stations in the data. On the left is the full distribution of precipitation for each month, on the right
is the same plot with the outliers removed to examine the interquartile distribution. Monthly
precipitation is highest in the summer months, however even in winter months there is still a

significant amount of precipitation.

(a) Distribution of Monthly Precipitation (1981-2020)

(b) Distribution of Monthly Precipitation (1981-2020)
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represents the full distribution; (b) represents outliers removed.

Second, we examined the distribution of the monthly severity rating (the average DSR for each
month) for each weather station in the data (see Figure 6). During the winter months, the
monthly severity rating is close to zero, meaning that the fire hazard during this time is low.
These low monthly severity ratings indicate that the fire hazard in the winter months would not
be continuously building and inflating indices in the summer months.

Distribution of Monthly Severity Rating (Outliers Removed)
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Figure 6. Distribution of monthly severity rating for all weather stations from 1981 to 2020.
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Lastly, to determine if the FWI System calculations could be continuously ran throughout the

duration of the year without stopping, we examined the cumulative Daily Severity Rating (DSR)
for a subset of years. The DSR is a direct transformation of the FWI1 which represents a measure

of control difficulty (Williams, 1959). The DSR can be summed throughout a time-period or
averaged across a region to determine fire danger across temporal and spatial periods. The

reasoning for looking at the cumulative DSR is that if the continuous calculation of FWI

throughout the winter months was causing any inflation in FWI indices, we would see this
throughout the cumulative DSR, especially in the later years in the data. We compared the
cumulative DSR for two different FWI calculations: (1) Calculating FWI straight through the

entirety of the data; and (2) calculating FWI for a predefined fire season from March 1 to
September 30. Figure 7 shows the cumulative DSR from March 1 to September 30 for the years

2015 to 2020. When looking at these plots, there is no significant difference in the cumulative

DSR between the two datasets. This indicates that leaving the FWI calculation running
throughout the winter months is not inflating the DC’s to a point where it is influencing the FWI

indices even after several years.

(a) Cumulative DSR
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Figure 7. Comparison of cumulative DSR values for a subset of years from 2015 to 2020 from
March 1 to September 30. (a) Represents the DSR values from the continuous FWI calculation
running all year round, starting on January 1, 1981. (b) Represents the DSR values from the

predefined fire season FWI calculation, which starts the indices on March 1 and stops them on

September 30.
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From this data exploration, we decided that there was no substantial influence of leaving the FWI

System calculation running throughout the winter months on overall inflation of FWI1 System

indices. Therefore, the historical FWI System indices used in the fire danger rating classification
thresholds were from January 1, 1981 to December 31, 2020 inclusive.
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2.4 Switzerland Historical Forest Fire Data

Historical fire data from 1981 to 2020 was provided by Switzerland. To determine the FWI
System indices for each fire, the closest weather station was matched to each fire according to
the latitude and longitude location provided with each fire. The FWI System indices were then
derived from the closest weather station on the estimated start date of the fire to represent the
FWI1 indices at the fire.

3.0 Temporal and Geographical Regions

3.1 Defining Geographical Regions

The FWI classification thresholds were calibrated to different geographic regions in Switzerland
to account for fluctuations in fire weather and fire danger across the country. The 11 ecoregions
in the country were grouped according to local climate and vegetation characteristics to create
six different spatial regions. These regions are listed below in Table 1, along with the individual
ecoregions that comprise each region. Figure 8 below shows the six regions along with the
location of the weather stations in each region

Table 1. List of ecoregions encompassed in each of the broader regions used to create FWI
classification thresholds, along with the number of weather stations in each region.

FWI Number of Ecoregion

Classification Weather

Region Stations

Jura 42 Jura

Swiss Central 176 Swiss Central Plateau

Plateau

Northern Pre 178 Northern Pre Alps

Alps

Alpine Region — 166 Northern intermediate alps with beech
High Elevation Northern intermediate alps without beech
(=> 1500 m) Continental alps

Alpine Region — 47 Northern intermediate alps with beech
Low Elevation Northern intermediate alps without beech
(<1500 m) Continental alps

South Region 78 Southern pre alps with Norway spruce presence

Southern pre alps with Norway spruce outposts
Southern pre alps free from Norway spruce
Southern intermediate alps

Mendrisiotto
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Figure 8. Location of weather stations within each geographic region. Alpine region consists of
both Low Elevation Alps and High Elevation Alps.

3.2 Fire Occurrence in Each Spatial Region

In the Switzerland historical fire archive, from 1981 to 2020, there were 3,521 fires reported with
latitude and longitude locations within the six geographical regions locations. Table 2 shows the
number of human and lighting-caused fires in each of the six regions we are analyzing.

Table 2. Number of fires from 1981 to 2020 in each of the six geographical regions.

Region Human-Caused Lightning- Total Number of
Fires Caused Fires Fires

Jura 161 2 163

Swiss Central Plateau 385 4 389

Northern Pre Alps 388 45 433

Alpine Region — High 200 63 263

Elevation

Alpine Region — Low 413 67 480

Elevation

South Region 1,551 242 1,793

14



3.3 Creating Temporal Periods: Vegetation and Non-Vegetation Period

Two different sets of classifications were created to account for temporal variability of fire
danger in the year: one to represent the fire danger in the summer months, or during the
vegetation period, and the other to represent fire danger in the cooler winter months, or the non-
vegetation period. The vegetation period, or growing season, is generally defined as the days
between the first consecutive occurrence of six days in which the average daily temperature is
above 5°C and ends on the sixth consecutive occurrence of six days with the average daily
temperature below 5°C.

For each weather station and year in the data, the vegetation period was determined using the
temperature thresholds above. Then, for each of the six regions we grouped the vegetation start
and end dates for all weather stations in a given region for each year, and calculated the median
vegetation start and end date for each region. Table 3 shows the median vegetation start and end
date for each region, along with the duration of the vegetation period in days.

Table 3. Median vegetation period start and end dates for each region.

FWI Classification Start Date End Date Duration Expected
Region Duration
Jura March 8 November 20 258 days 260 days
Swiss Central Plateau  February 23 ~ November 22 273 days 250 days
Northern Pre Alps March 24 November 10 232 days 180 days
Alpine Region — High  June 4 October 6 125 days 120 days
Elevation (=> 1500

m)

Alpine Region — Low  March 14 November 14 246 days 200 days
Elevation (< 1500 m)

South Region March 11 November 17 252 days 280 days

Note. Expected duration refers to the vegetation period duration described in a Swizterland
Climate internal report: Klimaszenerien Schweiz-eine regionale Ubersicht”. Link:
Klimaszenarien Schweiz - eine regionale Ubersicht - MeteoSwiss (admin.ch)

Using this information, we decided that the vegetation period for Jura, Swiss Cental Plateau,
Northern Pre Alps, Low Elevation Alpine region, and South region would be from March 1 to
November 30 each year. The non-vegetation period for these regions is from December 1 to end
of February. The vegetation period for the High Elevation Alpine region is from June 1 to
September 30. The non-vegetation period for the High Elevation Alpine region is from October 1
to May 31.
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4.0 Classification Methods

We used two different classification methods to create fire danger rating classes for the FWI
System indices: a ‘percentile-based method’ using historical climatology and percent of
occurrence as classification thresholds, and a ‘physical-based method’ using physical aspects of
the fire environment to create meaningful classification thresholds. We created fire danger rating
categories for the six core FWI System indices (FFMC, DMC, DC, ISI, BUI, and FW1) along
with three additional indices: the grass fuel moisture code (GFMC), sheltered duff moisture code
(SDMC), and DSR (Figure 9). The percentile-based classifications were created for each of these
nine indices. The physical-based classifications were only created for the FFMC, DMC, SDMC,
and GFMC. Sections 4.1 and 4.2 outline the description for both the percentile-based
methodology and the physical-based classification methods
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Figure 9. Outline of FWI System indices that were classified into fire danger rating categories
(Figure adapted from Wotton, 2009).

4.1 Percentile-Based Methodology

The percentile based method uses historical FWI System indices to create fire danger rating
classes based on the frequency of occurrence of the indices. We created five different fire danger
rating classification thresholds, ranging from “Low” to “Extreme” based on the following
percentile classification thresholds:
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Category Percentile

Low 60" percentile and below
Moderate 61°% to 80" percentile
High 81 to 90™ percentile
Very High 91 to 97" percentile
Extreme 98" percentile and above

This means that in a vegetation period from March 1 to November 30 (which is a duration of 274
days), approximately 5 days in this season would be considered an “Extreme” fire danger rating.
To determine the classification threshold values for each category in each of the geographical
regions, we determined the percentile threshold values for each weather station individually. The
median percentile value for all of the weather stations in a given region was then used as the
index threshold for the corresponding danger category. Therefore, the percentage of occurrence
in each fire danger class may vary across weather stations. The percentile-based methodology
was used on each of the nine FWI System indices outlined in Figure 9.

4.2 Physical-Based Methodology

The physical-based methodology followed methods outlined by Hanes et al., (2021) to associate
the FWI System indices with aspects of the fire environment. This physical-based methodology
was only used on a subset of FWI System indices where we felt the fuel types aligned with those
used for fire ignition probability modelling in the Canadian FW1 System. Therefore, physical
ignition probability based models were only created for FFMC, DMC, sDMC, and GFMC.

For these classifications, only one suite of fire danger classes is created for the entire country (as
opposed to for the six individual regions which the percentile-based method specifies). However,
the analysis of historical FWI System indices and fire occurrence data allows comparison of the
different regions using these physical-based classes.

5.0 Fire Weather Index System Classifications

As mentioned above the FWI System indices were categorized according to temporal and spatial
geographical regions. All of the FWI System indices except for the GFMC were categorized into
adjective danger rating classes for the vegetation period. Only the GFMC and FFMC were
categorized for the non-vegetation period. The next sections outlines the vegetation period
classification thresholds first, followed by the non-vegetation period classification thresholds.

5.1 Vegetation Period

5.1.1 Fine Fuel Moisture Code
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5.1.1.1 FFMC Percentile-Based Categories

The FFMC is used as an indicator of surface litter moisture and represents the potential for
sustained ignition and spread in the surface litter fuels. Table 4 outlines the percentile-based
categories for each of the six geographic regions during the vegetation period. Since FFMC is
associated with human-caused fire occurrence (e.g., Woolford et al., 2021), we examined the
relationship between human-caused fire activity (fire occurrence and area burned) for each of the
proposed percentile-based FFMC classes (Table 5).

Table 4. Summary of percentile-based FFMC class ranges for each region during the vegetation
period.

Low Moderate  High Very High Extreme
Jura <8l > 81-87 > 87-89 > 89-90 >90
Central Plateau <82 > 82-87 > 87-89 > 89-91 >91
Northern Pre Alps <76 > 76-85 > 85-87 > 87-89 >89
High Elevation Alps <72 > 72-82 > 82-84 > 84-86 > 86
Low Elevation Alps <84 > 84-88 > 88-89 > 89-91 > 091
South Region <84 > 84-87 > 87-88 > 88-90 >90

Table 5. Summary of the frequency of human-caused fire occurrence and area burned by human-
caused fires for each of the FFMC classes for each region during the vegetation period.

Low Moderate  High Very High  Extreme
Jura 15% (16%) 29% (14%) 28% (19%) 15% (40%) 13% (11%)
Central Plateau 19% (18%) 22% (16%) 28% (25%) 24% (32%) 7% (8%)

Northern Pre Alps 24% (48%) 27% (23%) 13% (9%)  21% (13%) 15% (7%)
High Elevation Alps  36% (46%) 19% (17%) 14% (7%)  12% (22%) 19% (8%)
Low Elevation Alps  25% (10%) 34% (27%) 12% (2%)  24% (61%) 5% (1%)

South Region 31% (17%) 27% (23%) 14% (15%) 22% (33%) 6% (12%)

5.1.1.2 FFMC Physical-Based Categories

The physically based classification thresholds of the FFMC for the vegetation period were based
on unpublished analysis carried out as part of the development of the next-generation Canadian
Forest Fire Danger Rating System (CFFDRS). This model corresponds to ignition in the needle
littler of a moderately closed canopy pine stand. The probability of sustained flaming ignition is
a function of fine fuel moisture content itself, however in Figure 10 we show it as a function of
the FFMC. The moisture content is converted to the corresponding FFMC using an algorithm to
transform pine littler moisture content into the FFMC (Van Wagner, 1987). We determined the
probability of sustained ignition using a wind speed of 5 km/hr. Figure 10 shows an empirical
estimate of the probability of ignition as the FFMC level increases.
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The Low class is defined with a class upper bound of 74, and probability of ignition of less than
20%. The Moderate class has an upper bound of 82 and a probability of ignition of less than
45%. The High class has an upper bound of 87 and a probability of ignition of 60%. The Very
High class has an upper bound of 92 and a probability of ignition of 80%. An FFMC of over 92
is considered Extreme. These physical-based FFMC classes are outlined in Table 6 along with
the median percent of days that fall in each class for each of the six regions. Table 7 summarizes
the human-caused fire occurrence and area burned for each FFMC class in the six regions.
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Figure 10. Probability of sustained fire ignition as a function of FFMC. FFMC classes are
blocked out corresponding to the ranges where Low = blue; Moderate = green; High = yellow,
Very High = orange, Extreme = red.
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Table 6. Summary of the physical-based FFMC class ranges during the vegetation period and the

median percent of days in each category for each of the six regions.

Low Moderate  High Very High  Extreme

Class range <=74 > 74-82 > 82-87 >87-92 >92

Jura 48% 15% 19% 18% 0.1%
Central Plateau 44% 15% 18% 22% 0.4%
Northern Pre Alps 57% 15% 18% 11% 0.1%
High Elevation Alps  63% 18% 17% 2% 0.1%
Low Elevation Alps  38% 15% 22% 25% 0.2%
South Region 43% 13% 21% 20% 0.1%

Table 7. Summary of the frequency of human-caused fire occurrence and area burned by human-

caused fires for each of the physical-based FFMC classes for each region during the vegetation

period.

Low Moderate  High Very High  Extreme
Jura 10% (12%) 5% (4%) 25% (12%) 58% (71%) 3% (1%)
Central Plateau 9% (10%) 9% (8%) 18% (11%) 60% (68%) 4% (3%)
Northern Pre Alps 22% (37%) 13% (26%) 26% (16%) 39% (21%) 1% (0%)
High Elevation Alps  36% (46%) 18% (17%) 28% (29%) 18% (7%) 0% (0%)
Low Elevation Alps  10% (1%) 9% (6%) 21% (6%)  59% (86%) 2% (1%)
South Region 12% (3%) 9% (6%) 32% (25%) 46% (57%) 1% (9%)

5.1.2 Duff Moisture Code

5.1.2.1 DMC Percentile-Based Categories

The DMC represents the moisture in the upper layers of the forest floor and is often associated

with lightning-caused fire ignitions (e.g., Wotton and Martell, 2005). We developed DMC
classifications for each of the six regions (Table 8), however we only report fire occurrence and

area burned for the Low and High Elevation Alps and the South region because the Northern
regions have very little lightning-caused fire occurrence (Table 9).
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Table 8. Summary of percentile-based DMC class ranges for each region during the vegetation
period.

Low Moderate  High Very High Extreme
Jura <11 >11-21 >21-29 > 29-50 > 50
Central Plateau <14 > 14-23 >23-33 > 33-56 > 56
Northern Pre Alps <7 >7-12 >12-18 > 18-31 > 31
High Elevation Alps <4 > 4-7 >7-9 >0-16 > 16
Low Elevation Alps <16 > 16-26 > 26-35 > 35-57 > 57
South Region <13 > 13-22 >22-31 > 31-52 >52

Table 9. Summary of the frequency of lightning-caused fire occurrence and area burned for each
of the percentile-based DMC classes for each region during the vegetation period.
Low Moderate  High Very High  Extreme

High Elevation Alps  29% (43%) 11% (1%) 8% (12%)  31% (11%) 21% (33%)
Low Elevation Alps  25% (1%)  16% (2%)  27% (4%)  28% (92%) 3% (0%)
South Region 26% (6%)  15% (3%)  22% (9%)  24% (49%) 13% (33%)

Note. Alpine and south region are only reported because the other northern regions do not have a
large number of lightning-caused fire occurrence.

5.1.2.2 DMC Physical-Based Categories

The physically based classification thresholds for the DMC were based on an observed
relationship that characterizes the potential for cloud-to-ground lightning strikes to result in a
holdover ignition (i.e. a lightning-caused fire). The relationship used for classification was
developed from weather, fire and lightning data observed in the province of Ontario from about
the period 2000 through 2019; Figure 11 shows an empirical estimate of the probability that a
lightning stroke will lead to the ignition of a fire as DMC level increases. This empirical
relationship between probability of ignition per lightning stroke and DMC in Ontario has been
observed to apply across much of the boreal forest in Canada. We created the thresholds between
categories for each adjective rating class by looking for meaningful change points in the
relationship (i.e. between Low and Moderate), or finding meaningful absolute values in the
probability of ignition.

The Low class is defined with a class upper bound of 10, and probability of ignition of less than
0.03%, with over 3,333 lightning strikes per ignition. The Moderate class has an upper bound of
30 and a probability of ignition of less than 0.2%, with over 500 lightning strikes per ignition.
The High class has an upper bound of 45 and a probability of ignition of 0.4%, with over 250
lightning strikes per ignition. The Very High class has an upper bound of 65 and a probability of
ignition of 0.8%, with over 125 lightning strikes per ignition. A DMC of over 65 is considered
Extreme, with less than 125 lightning strikes per ignition. These physical-based DMC classes are
outlined in Table 10 along with the median percent of days that fall in each class for each of the
six regions. Table 11 summarizes the lightning-caused fire occurrence and area burned for each
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DMC class in the Low and High Elevation Alps and the South region For the High Elevation
Alps, most of the lightning fire occurrence and area burned is associated with the Low and
Moderate classes. However, for the Low Elevation Alps and South Region, most fire occurrence
and area burned occurs between the Moderate and Very High classes.

0.012

o
o
=)
[+

Ignition Probability

0.004

0.000

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 80 95

Duff Moisture Code

Figure 11. Probability of lightning-caused fire ignition as a function of DMC. DMC classes are
blocked out corresponding to the ranges where Low = blue; Moderate = green; High = yellow,

Very High = orange, Extreme = red.

Table 10. Summary of the physical-based DMC class ranges during the vegetation period and the
median percent of days in each category for each of the six regions.

Low Moderate  High Very High  Extreme

Class range <=10 >10-30 > 30-45 > 45-65 > 65
Jura 56% 35% 16% 2% 0.6%
Central Plateau 48% 39% 8% 3% 1%
Northern Pre Alps 72% 25% 2% 1% 0.2%
High Elevation Alps  92% 8% 1% 1% 0.3%
Low Elevation Alps  43% 40% 10% 4% 1%
South Region 51% 39% 7% 3% 1%
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Note. The percent of days occurring in each class were calculated for each weather station and
the median percent for the regions are reported here.

Table 11. Summary of the frequency of lightning-caused fire occurrence and area burned for
each of the physical-based DMC classes during the vegetation period.
Low Moderate  High Very High Extreme

High Elevation Alps  52% (56%) 42% (42%) 5% (0%) 2% (2%) 0% (0%)
Low Elevation Alps 3% (0%)  52% (5%)  28% (87%) 15% (8%) 1% (0%)
South Region 17% (3%)  42% (15%) 19% (31%) 15% (33%) 6% (18%)

5.1.3 Sheltered Duff Moisture Code

5.1.3.1 SDMC Percentile-Based Categories

The SDMC is an index which represents areas of the forest floor that are strongly sheltered. This
index uses the same daily weather requirements as the DMC, however it is adjusted for canopy
rain interception and drying rates to better reflect the area where lightning strikes the bole of a
tree and ignites a fire in the forest floor (Wotton, Stocks and Martell, 2005). SDMC classes were
created for each of the six regions using the percentile-based method, however we suggest that
since this index is related to lightning-caused fire ignitions specifically, that the classes for the
Low and High Elevation Alps and South region only be used. Table 12 outlines the percentile-
based SDMC classes for each of the six regions. Table 13 outlines the frequency of lightning-
caused fire occurrence and area burned for each region.

Table 12. Summary of the percentile-based SDMC class ranges for each region during the
vegetation period.

Low Moderate  High Very High Extreme
Jura <24 > 24-40 > 40-54 > 54-84 > 84
Central Plateau <28 > 28-45 > 45-60 > 60-93 > 93
Northern Pre Alps <13 > 13-22 > 22-31 > 31-51 > 51
High Elevation Alps <8 > 8-12 > 12-17 > 17-28 > 28
Low Elevation Alps <32 > 32-50 > 50-65 > 65-93 >93
South Region <23 > 23-39 > 39-52 > 52-84 > 84

Note. The high elevation alps, low elevation alps, and south region are shaded in grey because
these regions have lightning-caused fire occurrence.
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Table 13. Summary of the frequency of lightning-caused fire occurrence and area burned for
each of the percentile-based SDMC classes for each region during the vegetation period.
Low Moderate  High Very High  Extreme

High Elevation Alps  21% (43%) 13% (1%)  13% (7%)  18% (8%)  35% (41%)
Low Elevation Alps ~ 18% (1%)  21% (1%)  21% (5%)  31% (85%) 9% (8%)
South Region 20% (3%)  16% (4%)  15% (5%)  33% (57%) 15% (32%)

5.1.3.2 SDMC Physical-Based Categories

Similar to the DMC physical-based classes, the SDMC physical-based class thresholds were
based on the potential for cloud-to-ground lightning strikes to result in lightning-caused ignition.
The relationship used for classification was developed from weather, lightning, and fire data
observed in the province of Ontario. Figure 12 shows an empirical estimate of the probability
that a lightning stroke will lead to the ignition of a fire as the SDMC increases. We created the
thresholds for each danger rating class by considering meaningful absolute values in the
probability of ignition.

The Low category, with a class upper bound of 20, represents a 0.015% probability of ignition,
with over 6,666 lightning strikes per ignition. The Moderate category is defined by a class upper
bound of 40, with a probability of ignition of 0.1% and over 1,000 lightning strikes per ignition.
The High category is defined by a class upper bound of 60, with a probability of ignition of
0.25% and over 400 lightning-strikes per ignition. The Very High class has a probability of
ignition of 0.5% and is defined as an SDMC of <90. A SDMC of greater than 90 is used for the
Extreme class, with less than 200 lightning strikes per ignition. These physical-based categories
defined align closely with most of the SDMC percentile-based categories, except for the
Northern Pre Alps and High Elevation Alps having substantially lower SDMC thresholds.
Tablel4 summarizes the SDMC classes described here, along with the median percent of days
that occur in each category. Overall, we see that most days occur in the Low SDMC category,
and the frequency of occurrence generally decreases as the fire danger increases. Table 15
summarizes the lightning-caused fire occurrence and area burned for each class in the Low and
High Elevation Alps and the South region. For both the Low Elevation Alps and South Region,
the majority of lightning-caused fire occurrence occurs through the Moderate to Very High
classes.
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Figure 12. Probability of lightning-caused fire ignition as a function of SDMC. SDMC classes
are blocked out corresponding to the ranges where Low = blue; Moderate = green; High =
yellow, Very High = orange, Extreme = red.

Table 14. Summary of the physical-based SDMC class ranges during the vegetation period and
the median percent of days in each category for each of the six regions.

Low Moderate  High Very High  Extreme
Class range <=20 >20-40 > 40-60 > 60-90 >90
Jura 53% 26% 12% 6% 1%
Central Plateau 46% 28% 15% 8% 2%
Northern Pre Alps 76% 19% 5% 2% 0.3%
High Elevation Alps  94% 6% 1% 1% 0.7%
Low Elevation Alps  42% 28% 16% 11% 2%
South Region 55% 26% 12% 5% 2%

Note. The percent of days occurring in each class were calculated for each weather station and
the median percent for the regions are reported here.

25



Table 15. Summary of the frequency of lightning-caused fire occurrence and area burned for
each of the physical-based SDMC classes during the vegetation period.

Low Moderate  High Very High  Extreme
High Elevation Alps  50% (51%) 32% (17%) 15% (31%) 2% (0%) 2% (2%)
Low Elevation Alps 3% (0%) 22% (1%)  27% (3%)  36% (5%) 12% (90%)
South Region 14% (2%)  24% (6%)  21% (9%)  28% (51%) 13% (32%)

5.1.4 Drought Code

The DC represents the moisture content of deep layers in the forest floor and long-term drying in
the forest floor fuels. The DC is often used as an indicator of the amount of fuel that is available
to be consumed in fires. This is used by fire management agencies as an indicator of the
difficulty to extinguish a fire (especially where the fire is smouldering). Table 16 shows the
percentile-based DC classes for each of the six regions. Table 17 summarizes fire occurrence and
area burned for each DC class.

Table 16. Summary of the percentile-based DC class ranges for each region during the

vegetation period.

Low Moderate  High Very High Extreme
Jura <95 > 95-170 >170-230 > 230-330 > 330
Central Plateau <115 >115-185  >185-240 > 240-360 > 360
Northern Pre Alps <30 > 30-60 > 60-90 > 88-160 > 160
High Elevation Alps <50 > 50-80 > 80-110 > 110-165 > 166
Low Elevation Alps <140 >140-215  >215-280 > 280-390 > 390
South Region <50 > 50-100 >100-160 > 160-255 > 255

Table 17. Summary of the frequency of fire occurrence and area burned for each of the DC

classes for each region during the vegetation period.

Low Moderate  High Very High  Extreme
Jura 53% (79%) 16% (9%) 8% (3%) 16% (4%) 8% (5%)
Central Plateau 50% (58%) 11% (8%) 10% (7%) 18% (23%) 10% (4%)
Northern Pre Alps 32% (55%) 19% (30%) 12% (4%) 17% (6%)  19% (5%)
High Elevation Alps  27% (17%) 10% (25%) 14% (4%) 24% (26%) 25% (29%)
Low Elevation Alps  41% (33%) 14% (17%) 14% (3%) 20% (46%) 11% (2%)
South Region 41% (39%) 19% (24%) 15% (13%) 13% (16%) 12% (9%)
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5.1.5 Initial Spread Index

The ISI integrates both the FFMC and wind speed to provide a unitless indicator of the potential
rate of spread of a fire. Table 18 lists the percentile-based ISI classes for each of the six regions
during the vegetation period. We chose to round the ISI class thresholds to a single decimal place
as this is what is currently used for ISI classes in Canada. These classes are generally similar
across the six regions, with the Northern Pre Alps and High Elevation Alps having lower overall
class thresholds. Table 19 summarizes fire occurrence and area burned for each ISI class in each
of the regions.

Table 18. Summary of the percentile-based ISI class ranges for each region during the vegetation

period.

Low Moderate  High Very High Extreme
Jura <19 >1.9-4.0 >4.0-5.3 >5.3-7.2 >7.2
Central Plateau <20 >2.0-4.1 >4.1-54 >5.4-7.4 >74
Northern Pre Alps <15 >1.5-3.3 >3.3-45 >4.5-6.8 >6.8
High Elevation Alps <28 >1.7-3.0 >3.0-4.2 >4.2-6.5 >6.5
Low Elevation Alps <1.7 >2.8-4.5 > 4.5-5.7 >5.7-7.6 >7.6
South Region <25 >2.5-4.1 >4.1-5.1 >51-7.8 >7.8

Table 19. Summary of the frequency of fire occurrence and area burned for each of the ISI

classes for each region during the vegetation period.

Low Moderate  High Very High  Extreme
Jura 17% (14%) 25% (18%) 23% (12%) 23% (47%) 12% (9%)
Central Plateau 16% (18%) 20% (19%) 27% (23%) 26% (31%) 9% (10%)
Northern Pre Alps 25% (43%) 29% (23%) 21% (13%) 15% (7%) 10% (13%)
High Elevation Alps  54% (50%) 12% (18%) 9% (7%) 17% (15%) 8% (9%)
Low Elevation Alps  30% (10%) 17% (5%)  11% (18%) 24% (47%) 18% (21%)
South Region 29% (11%) 23% (20%) 16% (30%) 24% (30%) 8% (24%)

5.1.6 Build-Up Index

The BUI integrates both the DMC and DC to account for moisture levels in the surface and
deeper layers for the forest floor. Table 20 lists the percentile-based class ranges for the BUI for
each region during the vegetation period. Similar to the ISI, the class thresholds are comparable
across for the regions except for the Northern Pre Alps and High Elevation Alps having lower
class threshold boundaries. Table 21 summarizes fire occurrence and area burned for each BUI
class during the vegetation period.

27



Table 20. Summary of the percentile-based BUI class ranges for each region during the

vegetation period.

Low Moderate  High Very High Extreme
Jura <16 > 16-28 > 28-39 > 39-63 > 63
Central Plateau <19 >19-32 > 32-44 > 44-70 >70
Northern Pre Alps <8 > 8-15 > 15-22 > 22-36 > 36
High Elevation Alps <6 > 6-10 >10-13 > 13-22 > 22
Low Elevation Alps <22 > 22-35 > 35-46 > 46-71 >71
South Region <16 > 16-27 > 27-37 > 37-60 > 60

Table 21. Summary of the frequency of fire occurrence and area burned for each of the BUI

classes for each region during the vegetation period.

Low Moderate  High Very High  Extreme
Jura 25% (14%) 21% (19%) 23% (48%) 18% (14%) 14% (4%)
Central Plateau 23% (22%) 22% (33%) 20% (20%) 24% (16%) 12% (10%)
Northern Pre Alps 24% (26%) 18% (33%) 16% (25%) 19% (9%) 23% (7%)
High Elevation Alps  24% (44%) 15% (3%) 6% (2%) 28% (20%) 27% (3%)
Low Elevation Alps  37% (14%) 18% (4%)  16% (3%)  24% (77%) 15% (31%)
South Region 33% (23%) 19% (13%) 13% (12%) 20% (23%) 15% (29%)

5.1.7 Fire Weather Index

The FWI combines both the BUI and the ISI to create a unitless index which is analogous to
Byram’s fireline intensity (Byram, 1959). This index can be used to provide a general summary
of fire weather and fuel moisture in a region, and is often used as an overall fire danger rating
index. Table 22 lists the percentile-based FW1 classes for each region during the vegetation

period. Table 23 summarizes fire occurrence and area burned for each FWI class.

Table 22. Summary of the percentile-based FWI class ranges for each region during the

vegetation period.

Low Moderate  High Very High Extreme
Jura < > 2-7 >7-11 >11-17 > 17
Central Plateau <3 > 3-8 > 8-12 >12-18 > 18
Northern Pre Alps <1 >1-3 > 3-6 >6-11 >11
High Elevation Alps <1 >1-3 > 3-5 >5-9 >9
Low Elevation Alps <4 > 4-9 >0-13 > 13-19 >19
South Region 3 > 3-7 >7-10 > 10-16 > 16
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Table 23. Summary of the frequency of fire occurrence and area burned for each of the FWI
classes for each region during the vegetation period.

Low Moderate  High Very High  Extreme
Jura 14% (6%)  31% (26%) 19% (44%) 23% (18%) 14% (5)
Central Plateau 18% (15%)  22% (22%)  24% (25%)  25% (29%) 11% (9%)
Northern Pre Alps  28% (48%)  14% (16%)  14% (7%)  22% (12%) 22% (17%)
High Elevation Alps ~ 51% (52%) 13% (9%) 9% (4%) 12% (13%)  15% (22%)
Low Elevation Alps  27% (8%)  20% (8%)  14% (4%)  20% (56%) 19% (24%)
South Region 31% (17%)  22% (15%)  13% (10%) 19% (21%) 15% (38%)

5.1.8 Daily Severity Rating

The DSR is a scaled version of the FWI and is an indicator of control difficulty (Williams,
1959). Because the DSR is a direct transformation from the FWI, we simply transformed each of
the FWI classification thresholds described above to reflect the DSR fire danger rating classes.
The DSR can be used as an average index across spatial and temporal periods. For example, the
average DSR can be used on a monthly basis as the “Monthly Severity Rating”, or on a fire
season basis as the “Seasonal Severity Rating”. Table 24 summarizes the percentile-based DSR
class ranges for the vegetation period. Since the FW1 classes were directly transformed, the
percent fire occurrence and area burned for each DSR class is identical to the FWI classes as
described in Table 23.

Table 24. Summary of the percentile-based DSR class ranges for each region during the
vegetation period.

Low Moderate High Very High Extreme
Jura <0.093 >0.093-0.852 >0.852-1.896 > 1.896-4.097 >4.097
Central Plateau <0.190 >0.190-1.070 >1.079-2.212 >2212-4.533 >4.533
Northern Pre Alps <0.027 >0.027-0.190 >0.190-0.648 >0.648-1.896 > 1.896
High Elevation Alps <0.027 >0.027-0.190 >0.190-0.470 >0.470-1.329 >1.329
Low Elevation Alps <0.316 >0.316-1.329 >1.329-2.548 >2.548-4.988 >4.988
South Region <0.190 >0.190-0.852 >0.852-1.602 >1.602-3.680 > 3.680

5.2 Non-Vegetation Period

For the non-vegetation period, only the FFMC and GFMC were classified for fire danger rating
classes. Because the FWI System indices did not have a significant spatial variation in the non-

vegetation period compared to the vegetation period, we decided to calculate class thresholds for
two different geographical regions: North region and South region. The North region
encompasses the following regions: Jura, Central Plateau, Northern Pre Alps, and High Elevation
Alps. The South region encompasses the Low Elevation Alps and the South region.
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We created percentile-based classification thresholds for both the FFMC and GFMC. We further
created physical-based classification thresholds for only the GFMC for the non-vegetation
period.

5.2.1 Fine Fuel Moisture Code

5.2.1.1 FFMC Percentile-Based Categories

Table 25 summarizes the percentile-based FFMC classes for the North and South regions during
the non-vegetation period. As expected, the North region consistently has lower class thresholds
than the South region. Table 26 summarizes the frequency of human-caused fire occurrence and
area burned. Fire occurrence is generally static across the five classes for both regions. The
majority of area burned for the North region occurs in the Low class, however this is due to a
single fire that was 500 ha in size. Otherwise, the majority of area burned is concentrated in the
Very High class (for the North region), or between the High to VVery High classes (for the South
region).

Table 25. Summary of the percentile-based FFMC class ranges for each region during the non-
vegetation period.

Low Moderate High Very High Extreme
North <=69 >69-79 > 79-82 > 82-85 > 85
South <=79 >79-83 > 83-85 > 85-87 > 87

Table 26. Summary of the frequency of human-caused fire occurrence and area burned for the
percentile-based FFMC class ranges during the non-vegetation period.

Low Moderate High Very High Extreme
North 31% (61%)  13% (1%) 13% (7%)  23% (25%) 19% (6%)
South 10% (6%)  23% (16%) 33% (35%) 24% (30%) 10% (12%)

5.2.2 Grass Fuel Moisture Code

5.2.2.1 GFMC Percentile-Based Categories

The GFMC is used as an indicator of potential fire occurrence in 100% cured grass fuels.
Therefore, this index was classified solely for the non-vegetation period to reflect the time-period
before green up conditions begin. It is important that the GFMC classes not be used when grass
is not 100% cured. Table 27 summarizes the percentile-based GFMC classes for both the North
and South regions. The Low category has an upper bound of 83 and 85 for the North and South
region respectively, which is considerably higher than the FFMC percentile-based non-
vegetation classes, however the GFMC does react to drying conditions quicker than the FFMC
so indices will be higher on average. Table 28 summarizes the frequency of human-caused fire
occurrence and area burned. We only examined human-caused fires with respect to the GFMC
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because of the tendency of this index to be used in prediction of human-caused fire occurrence,
especially in the spring months. There are a large number of fires that occur in the Low class,
particularly in the North region, and there is a decreasing trend in fire occurrence as fire danger
increases specifically for the South region. However we see that in the South region area burned
is generally static throughout the Low to Very High classes.

Table 27. Summary of the percentile-based GFMC class ranges for each region during the non-
vegetation period.

Low Moderate High Very High Extreme
North <=83 > 83-85 > 85-87 > 87-89 >89
South <=85 > 85-87 > 87-88 > 88-90 >90

Table 28. Summary of the frequency of human-caused fire occurrence and area burned for the
percentile-based GFMC class ranges during the non-vegetation period.

Low Moderate High Very High Extreme
North 44% (69%)  12% (1%) 16% (7%) 10% (25%) 17% (6%)
South 30% (25%)  22% (29%) 17% (14%) 18% (24%) 12% (8%)

5.2.2.2 GFMC Physical-Based Categories

The physically based thresholds between classes in the GFMC categorization were based on a
model of the probability of sustain flaming ignition for grassland fuels that has been developed
as part of the next generation of the CFFDRS. These models are based on a reanalysis of the very
extensive program of ignition testing that was carried out by the Canadian Forest Service to form
the basis of early generations of the fire danger rating system in Canada. While these models
typically account for both the fuel moisture content and wind, for the purposes of this
classification we have used a model that depends only on moisture content. The probability of
sustained flaming ignition is a function of grass moisture content itself, though in Figure 13 we
show it as a function of the GFMC; in the new grass moisture model in the CFFDRS, moisture
content is converted to the corresponding code values using the same conversion used by the
FFMC calculation algorithm to transform pine litter moisture content into the FFMC (this
conversion is formally called the FF-scale; Van Wagner 1987). The grass fuel moisture model
used here tracks moisture in grasslands that are assumed to be 100% cured; therefore, it should
be used only before greening of the fuel complex has begun at the start of the growing season, or
after all live moisture has left the fuel complex after the end of the growing season. Methods for
adjusting for the impact of grassland greenness on fire behaviour exist in the CFFDRS’s Fire
Behaviour Prediction (FBP) System but are beyond the scope of this current danger rating
system classification exercise. We created the thresholds between categories for each adjective
rating class by looking for meaningful change points in the relationship between probability of
ignition and the GFMC.

The Low class is considered to be when ignition potential is below 6%, and is represented by a
GFMC of <75. The upper bound for the Moderate class is 81, and aligns with a probability of
ignition below 20%. The upper bound for the High class is 87, which accounts for a 50% ignition
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probability. The Very High class has an upper bound of 92, and a GFMC of over 92 is
considered Extreme with a 73% probability of ignition. Table 29 summarizes the GFMC classes
described here, along with the median percent of days that occur in each category. Table 30
summarizes the human-caused fire occurrence and area burned for each class in the North and
South regions. In both regions, there is little human-caused fire occurrence and area burned in
the Low category and the Extreme category. Most fires occur in the Moderate to Very High
categories, and area burned tends to increase in these categories as well.

Ignition probability

00

66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98
Grass Fuel Moisture Code

Figure 13. Probability of sustained ignition as a function of GFMC. Note that the x-axis starts at
66 because probability of ignition at indices below a GFMC of 66 is zero. GFMC classes are
blocked out corresponding to the ranges where Low = blue; Moderate = green; High = yellow,
Very High = orange, Extreme = red.

Table 29. Summary of the physical-based GFMC class ranges during the non-vegetation period
and the median percent of days in each category.

Low Moderate High Very High  Extreme
Class range <=75 >75-81 >71-87 > 87-92 >92
North region 21% 27% 43% 8% 0.2%
South region 17% 12% 48% 19% 0.4%

Note. The percent of days occurring in each class were calculated for each weather station and
the median percent for the North and South regions are reported here.
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Table 30. Summary of human-caused fire occurrence and area burned for the physical-based
GFMC class ranges during the non-vegetation period.

Low Moderate  High Very High Extreme
North 8% (1%) 20% (66%) 43% (9%)  23% (24%) 6% (1%)
South 1% (0%) 5% (1%) 41% (45%) 48% (51%) 5% (3%)

6.0 Examining the Relationship Between Fine Fuel Moisture Code
and Relative Humidity

For the non-vegetation period, the FFMC can be used to help determine the potential of ignition
of new surface fires. In some instances, the FFMC classes alone will provide good guidance on
the overall fire danger level during the non-vegetation period. However, the relationship between
FFMC and RH is important when determining if there is significant fire danger in a region. In
times when RH is high, there will be less potential for sustained fire ignition compared to when
fuels are dry with low humidity.

Therefore, we examined the relationship between RH, FFMC, and historical human-caused fire
occurrence during the non-vegetation period. There are 721 fires that occurred in the non-
vegetation period from 1981 to 2020. Figure 14 shows the distribution of estimated RH on the
start date of each of these non-vegetation fires. Here we see that there is a relatively normal
distribution of RH centered around an RH of 55%. Furthermore, we examined the proportion of
non-vegetation fires that occur in each decile (10% range) of RH (Table 31). Approximately
75% of fires occur when the RH is below 65%. Figure 15 shows the comparison of the FFMC
and RH for the non-vegetation fires. There is a clear negative relationship here, with RH
generally decreasing as the FFMC increases. This is because RH is already encompassed in
FFMC, and generally when FFMC is high, RH will be lower.
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Figure 14. Distribution of relative humidity for the non-vegetation fires from 1981 to 2020.
Relative humidity represents the RH on the start date of the fire.

Table 31. Number and percent of non-vegetation fires in each decile of RH. Note that the 60 to
70% decile range is split into two to better examine the proportion of fires that occur during this

period.

Relative Humidity Decile Number of Fires (%)

20-30% 16 (2%)
> 30-40% 62 (9%)
>40-50% 165 (23%)
>50-60% 209 (29%)
>60-65% 86 (12%)
>65-70% 58 (8%)
>70-80% 82 (11%)
> 80-90% 36 (5%)

>90% 7 (1%)
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Figure 15. Comparison between FFMC and RH for non-vegetation fires from 1981 to 2020. Only
fires with an FFMC of > 75 are shown.

7.0 Discussion

We created fire danger rating classification thresholds for each of the core Canadian FWI System
components along with an additional three indices. Percentile-based classifications were created
for the FFMC, DMC, DC, ISI, BUI, and FWI along with the DSR, GFMC, and SDMC. We
expanded on these climatological percentile-based classifications for select indices, including the
FFMC, GFMC, DMC, and SDMC, and created physical-based classification thresholds which
associated each of these indices with the empirical probability of fire ignition based on fuel
moisture.

The percentile-based classification thresholds presented in this document are solely based on the
historical weather observations provided and must be interpreted with the data caveats in mind.
The historical weather data used was not reflective of 1200 LST weather observations as
required by the FWI System, therefore we did our best to calibrate these daily weather
observations to best reflect 1200 LST observations based on a comparison with hourly observed
data (as presented in section 2.2.2). However, we stress that this calibration is not perfect and we
suspect an overall underestimation of the historical FWI System indices. These percentile-based
classification thresholds are a good first starting point in defining fire danger rating thresholds
for Switzerland. Aside from the observational weather data caveats, these classifications have
benefits in that they account for regional climate variations across the country.

The FWI System is meant to provide a common language between fire management personnel

and the public when communicating potential fire danger. We suggest the use of the percentile-
based classifications as a guide for fire managers to consider how each component adds to the
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current fire danger rating tools currently in use. Revision of these classifications may be
necessary as more noon-hour observation data can be compiled. The physical-based
classification thresholds we presented here (for the FFMC, DMC, SDMC, and GFMC)
represents meaningful thresholds related to the empirical probability of fire occurrence, and more
accurately reflects associations in the physical fire environment. Therefore, we recommend the
use of the physical-based classifications where presented as these thresholds reflect meaningful
relationships in the fire environment with the FWI System indices. In the future, we recommend
reviewing all classification thresholds and to consider physical-based adjective classes for each
of the FWI System indices. This would require discussions around the most appropriate fuel type
to be used to create meaningful associations fire environment characteristics. For example, as
presented by Hanes et al., (2021), the DC can be classified according to relations of depth of
burn, the ISI can be classified according to the relationship with potential fire rate of spread, and
the BUI can be associated with surface fuel consumption.
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