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ABSTRACT: 

Mulch products are commonly used as landscaping material around residential structures and community 

parks. FPInnovations compared the ignition probability and fire behaviour of six different landscaping mulch 

products at the request of the Regional Municipality of Wood Buffalo, which includes the urban service area 

of Fort McMurray. The results of this study will help communities and home owners make informed 

decisions regarding the use of landscaping mulch products.  
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INTRODUCTION 

Mulch products are commonly used as landscaping materials around residential structures and community parks. 

Studies have shown that firebrands from wildland fires can travel many kilometers in front of a wildfire flame-

front (Albini 1979; Hvenegaard, Schroeder, & Thompson, 2016). If ignited by firebrands, landscaping mulch can be 

considered a pathway to structure ignition. The pathway of structure ignition has been described as “a process 

where receptive building materials (e.g., non-class A rated roofs) or fuels adjacent to a structure are ignited by 

firebrands. In the case of firebrands igniting combustible fuels adjacent to a structure, these new small, low-

intensity fires, ahead of the fire-front, continue to consume combustible materials, grow in intensity, and 

eventually ignite adjacent structural materials” (Melnik and Gardeski, 2019). 

The Regional Municipality of Wood Buffalo (RMWB) tasked FPInnovations with determining the ignition 

probability and resultant fire behaviour of four different commercially available landscaping mulch products and 

two products supplied by the RMWB. The results of this study can be used by the RMWB to help identify the most 

appropriate landscaping mulch products for use within the community.  

METHODOLOGY 

Ignition probability test and comparative fire behaviour evaluations were conducted at the Protective Clothing 

and Equipment Research Facility (PCERF) at the University of Alberta, which has an indoor burn chamber with 

environmental controls. The ignition probability and fire behaviour experiments were conducted in a controlled 

atmosphere with temperatures ranging between 15oC and 19oC. Relative humidity was between 9% and 12%, and 

the experiments were conducted with no wind. 

The mulch products selected by the RMWB for this study were raw wood chips, compost mulch, bark nugget, 

medium bark mulch, cedar mulch, and rubber mulch (shown in Figure 1). The mulch products were oven-dried to 

simulate low fuel moisture conditions. After drying, the specimens were packed into plastic bags to prevent an 

increase in moisture content. 

 
  Raw wood chips 

  Source: RMWB parks 

 

 
       Compost mulch 

       Source: RMWB landfill 
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  Bark nuggets 

Source: Garden Club Bark Nuggets (56 L), from Canadian    

Tire 

 

 
        Medium bark mulch 

        Source: Bronco 

 
Cedar mulch 

Source: Premier 100% Cedar Mulch (42.5 L), from Lowes 

 
      Rubber mulch 

      Source: Majestic Rubber Mulch (20 lbs.), from Lowes 

Figure 1. Landscaping mulch products chosen by RMWB. 
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Ignition Probability Tests 
In order to determine the ignition probability of the different mulch products, the match-drop test (Hvenegaard, 

2014) was used to simulate firebrands landing on available fuels. Ignition was considered successful if a fire burned 

beyond the influence of the match and was sustained for at least two minutes in the mulch fuel. The test began 

by dropping a single lit wooden match onto a fuel bed measuring 40 cm x 23 cm x 5 cm (Figure 2). If ignition was 

not successful, it was repeated with a bundle of two, and finally three matches. If the final bundle of three matches 

did not ignite the mulch fuel, it was considered a failed ignition.  

 

Figure 2. Experiment setup of ignition tests. 

The match-drop test was performed 10 times for each mulch product to determine the ignition probability.  

Moisture samples were collected throughout the trials to ensure that moisture content remained consistent. 

Comparative Fire Behaviour 
The rate of spread (ROS), flame height, and peak heat flux values were used as comparative indicators of fire 

behaviour for the different landscaping mulch products once ignited. 

Figure 3 shows the experiment setup. A metal pan measuring 91 cm x 91 cm x 8.3 cm held a fuel bed of mulch of 

the same volumetric dimensions. A moisture content sample was collected from the fuel bed prior to ignition. 

Three-match bundles were dropped in the centre of the fuel bed to ignite the samples for the fire behaviour 

evaluations and this was repeated until ignition was successful.   

An infrared camera, FLIR T340, and a video camera, Sony HDR – XR200V, were used to record the ROS. The ROS 

calculation is as follows: 

ROS = D/T; where: 

ROS - Rate of spread 
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D - Distance between the ignition point and the farthest flame front 

T - Time taken for the fire to travel from the ignition point to the farthest flame front  

A thermopile sensor1 was placed 1.5 m above the fuel bed to measure heat flux from the fire. A pole with markers 

at 30 cm intervals was used as a visual reference to measure flame height.  

The test was terminated if the flames from the mulch reached the side of the metal pan or if the fuel bed sustained 

combustion for 15 minutes, whichever occurred first. 

 

 

Figure 3. Experiment setup of fire behaviour. 

Fuel Moisture Content 
Fuel moisture samples were collected immediately prior to experiments. This would ensure consistent low fuel 

moisture contents throughout the experiments. The samples were put into paper envelopes and weighed 

immediately to get the initial weights. The fuel moisture samples were oven dried at 100oC and weighed 

periodically until they were no longer changing. The moisture content calculation is as follows: 

 

1 The sensor was custom-built and provided by the Canadian Forest Service. 
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M = 
(𝑊𝑖−𝑊𝑓)∗100

(𝑊𝑓−𝑊𝑐)
; where: 

M - Percent moisture content  

𝑊𝑖 - Initial weight 

𝑊𝑓 - Final weight after oven-dry 

𝑊𝑐  - Container tare weight 

RESULTS AND DISCUSSION 

Ignition Probability Tests 
Fuel moisture content data collected prior to ignition for each type of mulch are shown in Table 1. Average 

moisture contents were below 5% among mulch products throughout the ignition probability tests. 

 

 

All ignition tests were executed with mulch products having moisture contents below 5%. The results (Table 2) 

show that bark nuggets and medium bark mulch had lower ignition probabilities. The remaining mulch products 

had an ignition probability of 100%.  

The lower ignition probability of bark nuggets and medium bark mulch were believed to be due to the large sizes 

of the individual chips as compared to the other products which contained smaller and finer wood particles.  

In addition, the cedar mulch was the most volatile of all the types of mulch studied. All tests on cedar mulch had 

successful ignition with a single match, and the flame quickly spread to the whole fuel bed. 

 

 

Table 1. Average fuel moisture content before ignition for the ignition probability tests 

Landscaping mulch Average moisture content  

Raw wood chips 2.1% 

Compost mulch 0.66% 

Bark nuggets 3.67% 

Medium bark mulch 4.69% 

Cedar mulch 3.25% 

Rubber mulch 0.57% 



 

   
Contract number 16826   9 of 15 

Table 2. Ignition probability comparison among landscaping mulch 

Landscaping mulch 
Ignition tests Ignition 

probability 
1 2 3 4 5 6 7 8 9 10 

Raw wood chips 1* 1 1 1 1 1 1 1 1 1 100% 

Compost mulch 1 1 1 1 3 1 2 1 1 1 100% 

Bark nuggets N** N N 1 3 3 N 1 N N 40% 

Medium bark mulch 3 N 1 3 N N 3 N N 1 40% 

Cedar mulch 1 1 1 1 1 1 1 1 1 1 100% 

Rubber mulch 1 1 2 1 2 3 1 1 2 3 100% 

*Number of matches that cause the successful ignition 

**No ignition after 1, 2, 3 matches 

 

While the 40% ignition probability for bark nuggets and medium bark mulch seems low in comparison to 100% of 

other mulch products, it is important to take into context the meaning of 40 out of 100 firebrands that land on 

mulch fuel bed will start a fire. The consequences of a successful ignition are immense and therefore, with that 

perspective, 40% ignition probability is still a significant threat.   

The 100% of one match ignition successes indicates raw wood chips and cedar mulch can be ignited with ease 

with smaller fire brands compare with other mulch products. This difference in ignition probability can be 

attributed to how a match lands on the fuel as well as orientation and random arrangement of the fuel. The match 

drop test only provides a statistical ignition probability of a random fuel arrangement but does not account for 

variability in the size of the firebrand. The match drop test does however simulate a small sized firebrand. It is 

reasonable to assume that firebrands that are larger in size carry more thermal energy that can be transferred to 

the mulch fuel, thereby resulting in a greater ignition probability. 

Comparative Fire Behaviour 
Fuel moisture values collected prior to comparative fire behaviour tests are shown in Table 3. The table shows the 

average moisture content was below 5% among the different mulch products throughout the experiment. The 

average fuel moisture content from the comparative fire behaviour evaluation was marginally different from the 

ignition probability tests (Table 1) because the two respective experiments were conducted at different times. 

However, the differences are not significant.   
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Table 3. Average fuel moisture content before ignitions of comparative fire behaviour evaluations 

Landscaping mulch Average moisture content 

Raw wood chips 1.00% 

Compost mulch 0.68% 

Bark nuggets 3.73% 

Medium bark mulch 4.21% 

Cedar mulch 3.32% 

Rubber mulch 1.43% 

 

Only the tests with successful ignitions from the bundle of three matches were considered for ROS, heat flux, and 

flame height measurements. 

A comparison of the average ROS of all mulch products (Figure 4) shows that compost mulch had the lowest ROS.  

Cedar had the highest ROS and spread nine times faster than compost mulch. Raw wood chips also had a high 

ROS. It is worth noting that these values were documented with no wind. ROS values with wind influencing fire 

behaviour will naturally be higher than what was observed in the laboratory. The results presented in Figure 4 do 

however give a relative comparison of the rates of spreads of the different mulch products. Practitioners can use 

this data to understand how quickly a fire may spread in different mulch products when wind is involved.  

 

Figure 4. ROS of mulch products studied. 

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

Raw
wood
chips

Compost
mulch

Bark
nuggets

Medium
bark

mulch

Cedar Rubber
mulch

Average ROS 
(m/min)

Mulch product



 

   
Contract number 16826   11 of 15 

Peak heat flux values (Figure 5) were similar to the ROS results: compost mulch had the lowest peak heat flux 

among the mulch products and cedar had the highest peak heat flux. The peak heat flux values collected in this 

study are specific to this experimental setup and provide a relative comparison of the energy released (and 

absorbed by the sensor) from burning mulch products. Given the same firebrand as the source of ignition for the 

different mulch products, the relative peak heat flux values from this study suggest that cedar will release the 

most amount of energy, consequently implying that any surrounding vegetative fuel or structures will encounter 

more energy and therefore have a higher probability of igniting. Conversely, compost mulch will have a reduced 

probability of causing ignition to surrounding vegetative fuel and structures since it releases the least amount of 

energy in comparison to the other mulch products (assuming the ignition source is the same).  

Practitioners must keep in mind that these heat flux values in Figure 5 are not the absolute values that surrounding 

vegetative fuels and structures will experience. The absolute values experienced by surrounding fuels and 

structures will be dependent on flame contact (direct conductive ignition), separation distance (convective heat 

transfer), and view factors that influence radiative heat transfer.  

 

Figure 5. Peak heat flux comparison among mulch products. 

The data in Figure 6 show relative average flame heights observed from the combustion of the different mulch 

products. The data shows that raw wood chip, medium bark, bark nugget, and rubber mulch produced the highest 

average flame heights while compost mulch had the lowest flame height. Flame heights from burning vegetative 

fuels are associated with the intensity of fires, as per Byram’s Fire Intensity equation (1959). Burning fuels that 

have lower flame heights are easier to work with during suppression activities. Should ignition occur in the 

different mulch products being evaluated in this study, compost mulch would be preferred over other mulch types 

given that the produced flame height would be easier for crews to action.  
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Figure 6. Flame height comparison among mulch products. 

Cedar mulch had the highest ROS and heat flux, but only a moderate flame height. During the experiments, cedar 

burned with flash combustion and a fast-moving fire front. By contrast, compost mulch had the lowest ROS, the 

lowest heat flux, and the lowest flame height. Raw wood chips had the second-highest ROS, the second-highest 

heat flux, and relatively higher flame height than other products. Rubber mulch had a moderate ROS, but a 

relatively high flame height while producing black ash and smoke. 

Both bark nuggets and medium bark mulch had lower ROS but had higher flame heights. Furthermore, fires from 

these products were harder to extinguish because the larger bark pieces turned to larger burning charcoal after 

ignition.     

CONCLUSION 

The experiments in this study allowed the relative comparison of ignition probability and fire behaviour of 

different landscaping mulch products under low fuel moisture conditions. The results from the match drop test 

showed 100% ignition probability of raw wood chips, compost mulch, cedar, and rubber mulch. Although the 

ignition probability of bark nuggets and medium bark mulch was 40%, these products should still be considered 

as having a high probability of ignition from firebrands. 

Compost mulch had the lowest fire intensity during the experiments; hence it should be the primary choice among 

the different mulch products. Cedar mulch, raw wood chips, and rubber mulch should not be considered because 

of their high ignition probability and volatile fire behaviour. In addition, rubber mulch produces hazardous smoke 

when it is ignited. 

The ignition probability and fire behaviour evaluations in this study did not factor in high wind conditions. The ROS 

values of mulch products in this study do not reflect what could be observed during extreme wildfire conditions. 
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High wind speeds are the predominant driver of extreme wildfire events and will result in higher rates of spread 

with greater flame intensity in landscaping mulch. However, the ROS test results in this study can be used in 

determining how different landscaping mulch products respond in terms of flame spread.  

At a larger scale, experimental fires conducted in mulched debris fields exhibit high intensity fire behaviour with 

long flame length and high rates of spread (Hvenegaard & Price, 2018). At a household scale, smaller areas of 

mulch do not have adequate fuels to build to this same degree of fire behaviour. However, the fire intensity 

created in landscaping mulch surrounding homes is enough to ignite available vegetation and combustible housing 

components and, thus, create a viable pathway for structure ignition. 

At this stage in the research of flammability of different mulch products through experimental fires, researchers 

do not have sufficient data to create a fire behaviour model that can be used to predict fire behaviour in 

landscaping mulch at a small scale in the urban environment. No other fuel models developed in the Canadian 

Forest Fire Behaviour Prediction (FBP) system (Taylor, Pike, & Alexander, 1997) have been shown to be 

representative of mulched fuels. However, these laboratory and prescribed burn fires further support FireSmart 

recommendations (https://www.firesmartcanada.ca/) with quantitative evidence of the threat that landscaping 

mulch products can pose when fire behaviour conditions are extreme. With emphasis laid on Zone 1, this study 

advocates key practices when using landscaping mulch products: 

• Do not apply landscaping mulch against any structures such as houses, fences, or sheds. 

• Build fuel breaks such as maintained lawns, road, sidewalks, or concrete edges to stop the spread of 

ground fires adjacent to areas containing landscaping mulch. 

• Consider the consequences of having trees, shrubs, or other combustible materials within the perimeter 

of a mulch plot. They may generate embers and heat and may cause damage to nearby structures if they 

catch fire from burning landscaping mulch. 

• Educate homeowners about the risks of using landscaping mulch around structures in wildland fire-prone 

areas.     

  

https://www.firesmartcanada.ca/


 

   
Contract number 16826   14 of 15 

REFERENCES 
Albini, F. A. (1979). Spot fire distance from burning trees - a predictive model. Ogden, UT: USDA Forest Service. 

Bryam, G. (1959). Combustion of forest fuels. In K. P. Davis (Ed.), Forest fire: Control and use (pp. 61-89). New 

York, NY: McGraw-Hill Book Co. 

Hvenegaard, S. (2014). Moisture content and ignition probability in chip fuelbeds along BC Hydro’s Northwest 

Transmission Line right-of-way. Hinton, AB: FPInnovations. 

Hvenegaard, S., & Price, L. (2018). Fire behaviour in mulch fuel beds: observations from experimental fires at 

Pelican Mountain. Vancouver: FPInnovations. 

Hvenegaard, S., Schroeder, D., & Thompson, D. (2016). Fire behaviour in black spruce forest fuels following 

mulch fuel treatments: a case study at Red Earth Creek, Alberta. Hinton, AB: FPInnovations. 

Melnik, O., & Gardeski, C. (2019). Literature review – pathways and mitigation of structure ignition in the 

wildland-urban interface. Vancouver: FPInnovations. 

Taylor, S. W., Pike, R. G., & Alexander, M. E. (1997). Field guide to the Canadian Forest Fire Behaviour Prediction 

(FBP) System. Victoria, BC: Natural Resources Canada, Canadian Forest Service, Pacific Forestry Centre. 

 

  



 

   
Contract number 16826   15 of 15 

 

OUR OFFICES 

Pointe-Claire 

570 Saint-Jean Blvd. 

Pointe-Claire, QC 

Canada H9R 3J9 

(514) 630-4100 

Vancouver 

2665 East Mall 

Vancouver, BC 

Canada V6T 1Z4 

(604) 224-3221 

Québec 

1055 rue du P.E.P.S. 

Québec, QC 

Canada G1V 4C7 

(418) 659-2647 

info@fpinnovations.ca 
www.fpinnovations.ca 

mailto:info@fpinnovations.ca
file:///C:/Users/Severine.Lavoie/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/2D88M3XE/www.fpinnovations.ca

