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ABSTRACT 

 Soil erosion and debris flows following wildfires are two of the hazardous consequences 

of wildfires, and are of particular interest in the wildland/urban interface.  This study examines 

the effectiveness of surface treatments to reduce soil losses after the wildfires of 2003 in the 

Southern Interior of British Columbia, Canada.  Bark mulch, straw, needle cast and grass seeding 

are the treatments being studied.  Sediment yield off hillslope plots is measured with the use of 

silt fences and related to rain events.  The preliminary results indicated that, at all sites, the bark 

mulch, needle cast and straw mulch are effective in reducing soil losses.  Fire-induced water 

repellency has been noted as one of the primary contributory factors that lead to hydrologic 

responses in watersheds.  Repellency was measured using the Water Drop Penetration Test.  

Other site factors and human influences may have also played a role in determining sediment 

yields.  Long-term maintenance of the sites is required to obtain reliable results.  Understanding 

effective surface treatments to decrease soil losses will assist future planners in appropriate 

rehabilitative measures to limit soil erosion and subsequent debris flow processes in urban 

interfaces. 



INTRODUCTION 

 

Climate variations and human impacts have increased the probability of occurrence of 

widespread environmental disturbances such as forest fires and debris flows.  Successful fire 

suppression practices have probably increased the risk of high severity wildfires compared to 

natural cycles.  Changes in land management practices over the past century have increased tree 

densities and fuel levels on the forest floor (Beeson et al., 2001).  Global climate change has 

altered weather patterns and increased the frequency of droughts, high intensity rain events and 

uncontrollable wildfires (Beeson et al., 2001). 

 Fires have been known to greatly alter the landscape and create soil hydrophobicity (or 

water repellent soils).  Hydrophobicity in soils is a natural phenomenon and may be present in 

unburned soils due to the presence of fungal mycelia (Huffman et al., 2001).  A hydrophobic 

layer may also form during wildfires when waxy organic material burned at high temperatures 

becomes volatilized and condenses on cooler soil particles deeper in the subsurface (DeBano, 

1981).  These hydrophobic substances, such as aliphatic hydrocarbons, may come from plants, 

duff or microorganisms in the soil (DeBano and Rice, 1973; Huffman et al., 2001).  The fire 

induced water repellency may act to reduce infiltration rates, decrease soil aggregate stability and 

increase overland flow processes (Hallett et al., 2004).  Increased hydrophobicity, in conjunction 

with reduced ground cover characteristics following a fire, can produce amplified hydrologic 

responses (Johansen et al., 2001).  The altered hydrological responses may lead to environmental 

disturbances, posing risks of disasters such as debris flows to inhabited areas further downstream 

(Beeson et al., 2001). 

Wildfire is seen as a mechanism to lower the intrinsic erosion thresholds in a watershed, 

increasing surface runoff and subsequent erosion events (Moody and Martin, 2001).  Moody and 

Martin (2001) and Anderson and Sitar (1995) identified the susceptibility of a hillslope to erosion 

based on availability of erodible material, precipitation intensities, vegetation type, burn severity, 

areal extent and the frequency of wildfire occurrence.  Nearing (2001) suggests that erosion 

response is much more sensitive to the rainfall amount and intensity than to other environmental 

variables.  Impacts due to land use in mountainous basins are poorly understood (Istanbulluoglu 

et al., 2004).  Typically, postfire debris flows are of particular concern in inhabited areas where 

there are risks associated with flooding and property damage (Coussot and Meunier, 1996; 

Cannon and Reneau, 2000; Luis et al., 2003).  Appropriate measures to mitigate fire-related soil 
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erosion are therefore very important to implement in urban/wildland interfaces (Cannon et al., 

2001). 

Remediation measures to control the erosion of fire burned areas have concentrated on 

establishing barriers to limit the loss of sediments to overland flow.  The Burned Area 

Emergency Rehabilitation (BAER) teams in the United States have identified strategies to 

decrease soil erosion (Robichaud et al.., 2000).  Aerial seeding, surface mulching, breaking up 

repellent soils, and contour log placement are possible solutions to manage post-fire soil losses 

(Robichaud et al.., 2000).  Soil stabilizers (chemical treatments) were one of the earliest 

treatments done (DeBano, 2000).  Extensive testing of postfire rehabilitation treatments by the 

BAER program in Western United States has proven fruitful for the USDA Forest Service in 

determining the correct type of treatment necessary for each burn site (Robichaud et al.., 2000).  

The effectiveness of post-fire treatments in Southern British Columbia, Canada, has not yet been 

tested.  The 2003 fire season in the Okanagan Valley, BC, provided many available burn sites for 

this research.  The objective of this study will be to examine the postfire sediment yields of four 

different rehabilitative treatments to determine their effectiveness in decreasing soil losses due to 

erosion.   

 

METHODS 

Site Descriptions 

 

 Five research sites were chosen in the Southern Interior of British Columbia, 

representative of landscapes burned in the fire season of 2003.  The study sites were chosen in an 

attempt to homogenize site characteristics such as slope and burn severity in various locations. 

 

Myra-Bellevue Research Site: 

 

 The Myra-Bellevue sites are located along the Kettle Valley Railway in the Myra-

Bellevue Provincial Park, Kelowna, British Columbia.  The Myra-Bellevue sites were placed in 

three locations due to the lack of space required to accommodate all of the treatments.  The first 

of the Myra sites was located at 49° 47 839 N and 119° 18 768 W.  The site was placed on a 

crown burned southwest facing aspect with a 33° slope.  The tree types were primarily Douglas-
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fir and Ponderosa Pine and the site was at an elevation of 552 m amsl.  The second of the Myra 

sites was located 200 m to the north of the first site in the same vegetation type.  The second site 

was also crown burned and west facing with patchy grass and fire weed growing amongst the 

rocky surface.  A deeper hydrophobic layer was evident at the Myra sites, however, very little 

charcoal remained on the surface suggesting a movement of sediment away from the site prior to 

our arrival.  The Bellevue site was positioned across the valley from the Myra sites.  The 

coordinates of the Bellevue site were 49° 47 678 N and 119° 19 685 W.  The five plots on the 

Bellevue side were northeast facing, on a hill slope of 35°.  The tree cover was Douglas-fir and 

Ponderosa Pine, with Larch, lodgepole pine and Sub-alpine Fir also present.  The soils were high 

in organics due to the more densely forested area as compared to the Myra sites.  The measured 

hydrophobicity was less than the Myra sites as well. 

 

Falkland Research Site: 

 

 The Falkland Research Site was located at 50° 27 237 N and 119° 27 540 W in a severely 

burned south facing slope on the Cedar Hill Fire, Falkland, British Columbia.  The research area 

had a slope of approximately 35° and was at an elevation of 895m amsl.  The trees were crown 

burned leaving an open canopy in which regeneration of Oregon grape, balsam root, and fire 

weed had occurred.  The site was comprised of Douglas-fir and Ponderosa Pine tree cover.  The 

soils were uncohesive, dry and powdery with approximately 60% of the surface coated with 

coarser material 1-3 cm in diameter.  An unmonitored storm event had caused considerable 

surface erosion prior to the installation of our treatments.  Colluvium and loose shale mantling 

the hill slope provided the material for the hyperconcentrated debris flows witnessed at the site. 

  

Currie Creek Research Site: 

 

 The Currie Creek Research Site was in a predominantly Cedar-Hemlock crown burned 

area of a recently burned fire in Cherryville, British Columbia.  The coordinates of the site were 

50° 15 051 N and 118° 23 571 W.  The site faced northwest with an elevation of 1315 m amsl 

and a slope of 40°.  Immature fireweed, sparse grass, thimbleberry, and seedlings were the 

vegetation types growing at the site.  The soils were charred, dry, ashy, powdery cohesive and 
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patchily burnt, with a deep water repellent layer and rock shatter indicating a very hot fire.  Some 

trees were only partially crown burned and contributed a great deal of needle fall to the ground 

cover. 

 

Vermilien Creek Research Site: 

 

 Vermilien Creek Research Site, near the North Barriere Lake, British Columbia, was 

located at 51° 21 336 N and 119° 46 225 W.  At 712 m amsl, the Vermilen site was south facing 

with a 28° average slope gradient.  Cedar, Douglas-fir, Lodgepole Pine, Fireweed and Scrub 

Birch were the dominant vegetation types.  The site was mostly crown burned with a few 

partially burned trees providing ample needle fall.  The soils were armoured, and very shallow, 

powdery and ashy.  The parent rock type was granite and gneiss, with rock shatter evident around 

the site indicating an intense burn. 

 

 

 

Barriere Research Site: 

 

 The Barriere Site was named due to its proximity to the town of Barriere, British 

Columbia.  There was a need to break up the sites into two locations to accommodate all of the 

research plots.  The upper plots were located at 51° 05 191 N and 120° 09 971 W, whereas the 

lower plots were located at 51° 05 234 N and 120° 10 308 W.  The average slope gradient was 

30°.  Both of the sites were north-west facing at elevations of 561 m amsl and 481 m amsl 

respectively.  Douglas-fir, Ponderosa Pine and fireweed dominated these sites.  The soils were 

unconsolidated, armoured and powdery to the touch, composed of very fine silts and ash. 

 

Methods 

 

 The primary tool for the collection of sediments for this study was the silt fence.  As 

outlined by Robichaud and Brown (2002), the sites were chosen as having relatively uniform 

slope and similar fire severities.  Sites with few obstructions and undulations in terrain were 
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preferred.  A total of 5 different fire sites were chosen throughout the southern reaches of British 

Columbia and they were Myra-Bellevue, Falkland, Barriere, Vermilien and Currie Creek, 

appropriately named based on local landforms or towns.  Fifteen plots, measuring 5m x 25m, 

were established at each site, with 3 replicates of each treatment type repeated randomly.  The silt 

fence was extended out approximately 0.5 m on either side of the treatment area so as to act as a 

buffer from neighbouring treatments.  This left a swath of 4m x 25m for the application of the 

treatments.  The treatment types to be tested for effectiveness to control soil erosion were bark 

mulch, straw mulch, needle cover, grass seed cover and control plots.  The sites were located to 

take advantage of natural breaks in slope (rock outcrops, logs etc) or hand-dug trenches were 

established at the upper reaches of the plots to define the upper boundaries to ensure that the 

sediment supplied to each silt fence was from the 100 m2 directly above them.  Each treatment 

was separated by a minimum of 5 m from the next to further strengthen the buffer.  The silt 

fences were installed by digging a 5 m long ditch along the bottom edge of the proposed plot and 

burying a section of silt fence fabric 10-15 cm into the ground.  The ditch was back filled and 

compacted with soil to hold the fabric in place.  Wooden stakes were driven in the ground 15-20 

cm below the buried fabric and the silt fence was pulled and attached to the stakes with staples, 

creating a storage area to catch sediment.  After all the silt fences were built, the various 

treatments were randomly applied to the plots and recorded in the field book. 

 The bark mulch and straw treatments were applied and evenly distributed to a depth of 

approximately 1-2 cm over the entire plots.  A seed mixture, recommended by the BC Ministry of 

Forests to be of the same composition as that applied to burn sites aerially, was applied at the 

same rate as would have been applied by government staff.  Table 1 outlines the seed mixtures 

used for fire rehabilitation in BC. 
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Table 1: Proposed Seed Mixes for Erosion/Weed Suppression and Forage as outlined by the BC 

Ministry of Forests 

 

Common Seed Name % By Weight Characteristic 

Italian Rye Grass 20 Annual 

Creeping Red Fescue 10 Perennial 

Canada Blue Grass 10 Low growing perennial 

Western Wheatgrass 20 Mid growth perennial 

Timothy 10 Agronomic perennial 

Orchardgrass 10 Agronomic perennial 

Rambler Alfalfa 10 Legume perennial 

White Clover 10 Low growing Legume 

   

 

The seed mixture was applied at a rate of 50g/100m2.  In sites where seeding had already 

taken place, the plots were positioned to take advantage of the existing vegetation cover.  The 

needles were also distributed to a depth of 1-2 cm over the entire plot.  Areas with heavy needle 

cast already established on the ground were utilized as natural needle cover plots.  Control plots 

were randomly selected throughout the sites to provide a baseline for comparison of the other 

treatments. 

 Rain gauges were installed at each site to provide a hydrologic record of storm events in 

which to correlate to sediment yields.  These were installed in August 2003, and monitored 

through until December of the same year.  Rainfall duration, accumulation and intensity for each 

site were then determined. 

 A periodic maintenance and cleanout schedule for the silt fences was established to 

provide sediment yields for each of the treatments over the course of the 2004 summer and fall 

seasons.  The wet mass of the sediments was weighed at each site and recorded in the field book.  

Hand trowels proved to be the most effective in removing the sediment for measurement.  The 

sediment was placed into tin buckets and weighed using a tripod-mounted scale.  Representative 

samples of the sediments were taken back to the lab for drying and particle size analyses.  The 
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dried weights of each silt fence sample were used to correct for the water content of the field 

collected sediments and to provide a dry mass for the total sediment measured for each treatment 

type.   

 Characterizations of fire induced water repellency in the field were also conducted as 

outlined by DeBano (1981) and Huffman et al.  (2001).  The Water Drop Penetration Test 

(WDPT) was the primary tool to measure the length of time the water would take to infiltrate into 

the soil profile at depths of 5, 15, 30, > 30 mm, and as well as at the surface.  These results were 

classified into categories of <20 sec, 20-120 sec and >120 sec according to the relative time and 

percentage of water coverage that infiltrated at each profile level.  This test was replicated 5 times 

at each site.  The most water repellent layer was further tested for repellency using an alcohol test 

kit of various concentrations to determine the alcohol concentration necessary to cause the rapid 

infiltration of the water droplet.  This part of the test measures the critical surface tension (CST) 

necessary for infiltration.  Since surface tension decreases with increasing ethanol concentration, 

the greater the concentration of alcohol required to penetrate the soil means a strongly repellent 

soil layer and a contact angle greater than 90° (Letey, 2001).  Each layer was tested to determine 

the concentration necessary to infiltrate after 5 seconds. 

 Vegetation, ground cover and tree density surveys were conducted at each research site.  

The predominant vegetation types were recorded in the field book along with the tree density 

calculations in a 100 m2 grid.  A 1 m2 grid was replicated 5 times at each site to determine the 

relative abundance of various ground covers. 

  

 

RESULTS 

 

 

 The sediment yield data (kg/m2) for the five research sites, collected from June to 

December 2004, was compiled against the treatment types and displayed in Figure 1.   
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Figure 1: Analysis of Sediment Yield (kg/m2) by Treatment for all sites, June to December, 2004 

 

 It is difficult to discern a clear difference in sediment yields from each treatment type, 

however, it is apparent that a difference between all treatments exists against the control plots.  

Table 2 shows the Analysis of Variance (ANOVA) results for all treatments and locations.  The 

ANOVA results indicate there is a significant difference between the research locations, as well 

as the treatments tested at each site, since the probability of occurrence for both is less than 0.05.   

  

Table 2: Analysis of Variance for all treatments and locations 
Source DF Sum of Squares F-Ratio Prob > F 

Location 4 3.3379305 14.7863 <.0001 

Treatment 4 0.7710272 3.4155 0.0114 

Location*Treatment 16 0.9014187 0.9983 0.4643 

Error 108 6.095128   

C.  Total 132 11.564374   

 

 To further differentiate any differences that may have existed between all the locations 

and the respective treatments, a Tukey-Kramer Honestly Significant Difference (HSD) Test was 

conducted on the data.  The Tukey Test assists in determining which sample means are 

significantly different from which others.  Table 3 shows the results of the Tukey Test applied to 

all of the locations and treatments together.  A positive value in the table indicates pairs of means 
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that are significantly different from one another.  In this instance, only the bark mulch treatment 

is found to be significantly different from the control. 

 

Table 3: Comparisons for all pairs of treatments using Tukey-Kramer (HSD) and Alpha = 0.05 

 

Abs(Dif)-LSD control seed needles straw bark mulch

control -0.24542 -0.0948 -0.04483 -0.02466 0.037249

seed -0.0948 -0.24025 -0.19031 -0.17011 -0.10821

needles -0.04483 -0.19031 -0.24542 -0.22525 -0.16334

straw -0.02466 -0.17011 -0.22525 -0.24025 -0.17835

bark mulch 0.037249 -0.10821 -0.16334 -0.17835 -0.24025

 

A Least Squares (LS) Means Differences Test was also used to attempt to identify any 

differences in treatment sample means.  Table 4 shows levels not connected by the same letter as 

being significantly different, indicating that straw and bark mulch are significantly different than 

the control, but seed and needle plots as not having a significant difference from the control.  

Similarly, the same test (Table 5) was done on the research sites and found that Myra-Bellevue 

was significantly different from the other sites. 

Table 4: LS Means Differences for treatment type  
Level   Least Sq Mean

control A   0.29988561

seed A B 0.16169197

needles A B 0.10705567

straw   B 0.09516603

bark mulch   B 0.04779143

*Levels not connected by same letter are significantly different 

Table 5: LS Means Differences for research location 
Level   Least Sq Mean

Myra-Bellevue A   0.44741431

Currie Creek   B 0.09043090

Barriere   B 0.07381853

Vermilien   B 0.05263445

Falkland   B 0.04729253

*Levels not connected by same letter are significantly different 
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 To further understand the variations seen within the data, each research site was studied 

independently to determine if any site-specific variability existed between treatments.  Figure 2 

summarizes the sediment yield for each treatment type at the Falkland burn site. 

 The Falkland treatments showed a distinct pattern.  The bark mulch, needle cast and straw 

treatments all differed from the control and seed plots.  The ANOVA results from Falkland 

further substantiate that a significant difference exists between treatments.  A Tukey-Kramer 

analysis of sample sediment yields at Falkland shows that the seed, straw, bark mulch and needle 

treatments were all significantly different from the control and seed plots. 
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 Figure 2: Analysis of Sediment Yield (kg/m2) by Treatment for the Falkland research site, 2004 

 

Table 6: Analysis of Variance for sediment yield by treatment for the Falkland research site, 

2004 

  
Source DF Sum of Squares Mean Square F Ratio Prob > F

Treatment (Falkland) 4 0.05310159 0.013275 25.7887 <.0001

Error 25 0.01286939 0.000515  

C.  Total 29 0.06597099  
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Table 7: Comparisons for all pairs using Tukey-Kramer (HSD) and Alpha = 0.05 for Falkland 

 
Abs(Dif)-LSD control seed straw bark mulch needles

control -0.03847 0.010282 0.063460 0.064772 0.068943

seed 0.010282 -0.03847 0.014708 0.016019 0.020190

straw 0.063460 0.014708 -0.03847 -0.03716 -0.03299

bark mulch 0.064772 0.016019 -0.03716 -0.03847 -0.0343

needles 0.068943 0.020190 -0.03299 -0.0343 -0.03847

*Positive values show pairs of means that are significantly different. 

 

The Barriere research site saw a similar result as to that of the Falkland site in terms of 

treatments.  Figure 3 indicates a difference in measured sediment yields in all treatment types as 

compared to the control plot. 

The ANOVA results from Table 8 indicate that a significant difference exists between 

treatments at Barriere.  Table 9 further substantiates that all treatments differed from the control 

plot.  Differences between the seed, bark mulch, straw and needles treatments were not detected 

at the Vermilien site, or at least were not able to be detected by the statistical analyses conducted. 
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 Figure 3: Analysis of Sediment Yield (kg/m2) by Treatment for the Barriere research site 
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Table 8: Analysis of Variance of sediment yield by treatment for the Barriere research site, 2004 

 
Source DF Sum of Squares Mean Square F Ratio Prob > F

Treatment (Barriere) 4 0.01551715 0.003879 14.6295 0.0003

Error 10 0.00265169 0.000265  

C.  Total 14 0.01816885  

 

Table 9: Comparisons for all pairs using Tukey-Kramer (HSD) with Alpha = 0.05 for Barriere 

(*Positive values show pairs of means that are significantly different.) 

 
Abs(Dif)-LSD control seed bark mulch straw needles

control -0.04376 0.025280 0.025711 0.038701 0.046612

seed 0.025280 -0.04376 -0.04333 -0.03034 -0.02243

bark mulch 0.025711 -0.04333 -0.04376 -0.03077 -0.02286

straw 0.038701 -0.03034 -0.03077 -0.04376 -0.03585

needles 0.046612 -0.02243 -0.02286 -0.03585 -0.04376
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 Figure 4: Analysis of Sediment Yield (kg/m2) by Treatment for the Vermilien research site, 

2004 
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Figure 4 shows all treatments differing from the control plot for the Vermilien research 

site.  The ANOVA and Tukey-Kramer results in Tables 10 and 11 provide statistical evidence of 

the difference between the control and all the treated plots, however, the results did not show a 

significant difference between any of the treated plots. 

Table 10: Analysis of Variance of sediment yield by treatment for the Vermilien research site, 

2004 

Source DF Sum of Squares Mean Square F Ratio Prob > F

Treatment (Vermilien) 4 0.01456209 0.003641 17.2340 0.0003

Error 9 0.00190116 0.000211  

C.  Total 13 0.01646325  

Table 11: Comparisons for all pairs using Tukey-Kramer (HSD) with Alpha = 0.05 for 

Vermilien (*Positive values show pairs of means that are significantly different) 
 

Abs(Dif)-LSD control seed bark mulch straw needles

control -0.04887 0.035608 0.036039 0.049029 0.056940

seed 0.035608 -0.0399 -0.03947 -0.02648 -0.01857

bark mulch 0.036039 -0.03947 -0.0399 -0.02691 -0.019

straw 0.049029 -0.02648 -0.02691 -0.0399 -0.03199

needles 0.056940 -0.01857 -0.019 -0.03199 -0.0399
. 
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Figure 5: Analysis of Sediment Yield (kg/m2) by Treatment for the Myra-Bellevue Research site, 

2004 

 

 The Myra-Bellevue research sites provided similar sediment yield by treatment trends as 

seen in the other sites.  The ANOVA results indicated a difference in the treatments at Myra-

Bellevue, with the Tukey-Kramer Test results from Table 13 indicating that the control and seed 

plots significantly differed from the bark mulch, needle and straw plots.  The test was unable to 

determine a difference between straw, needle and bark mulch sediment yields. 

Table 12: Analysis of Variance of sediment yield by treatment for the Myra-Bellevue research 

site, 2004 

 
Source DF Sum of Squares Mean Square F Ratio Prob > F

Treatment (Myra-Bellevue) 4 0.05310159 0.013275 25.7887 <.0001

Error 25 0.01286939 0.000515  

C.  Total 29 0.06597099  

 

Table 13: Comparisons for all pairs using Tukey-Kramer (HSD) with Alpha = 0.05 for Myra-

Bellevue 
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Abs(Dif)-LSD control seed straw bark mulch needles

control -0.03847 0.010282 0.063460 0.064772 0.068943

seed 0.010282 -0.03847 0.014708 0.016019 0.020190

straw 0.063460 0.014708 -0.03847 -0.03716 -0.03299

bark mulch 0.064772 0.016019 -0.03716 -0.03847 -0.0343

needles 0.068943 0.020190 -0.03299 -0.0343 -0.03847

*Positive values show pairs of means that are significantly different. 
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 Figure 6: Analysis of Sediment Yield (kg/m2) by Treatment for the Currie Creek research site, 

2004 

 

 The ANOVA results recorded in Table 14 and Tukey-Kramer results in Table 15 for 

Currie Creek indicate that straw, bark mulch and needles significantly differed from seed and 

control plots at the site.  There was no significant difference found between the seeded and 

control plots. 
 

Table 14: Analysis of Variance of sediment yield by treatment for the Currie Creek research site 

 
Source DF Sum of Squares Mean Square F Ratio Prob > F

Treatment (Currie Creek) 4 0.03105823 0.007765 7.4348 0.0005

Error 24 0.02506441 0.001044  

C.  Total 28 0.05612263  
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Table 15: Comparisons for all pairs using Tukey-Kramer (HSD) with Alpha = 0.05 for Currie 

Creek 
 

Abs(Dif)-LSD control seed straw bark mulch needles

control -0.05497 -0.02633 0.018338 0.021982 0.026316

seed -0.02633 -0.05497 -0.0103 -0.00666 -0.00232

straw 0.018338 -0.0103 -0.05497 -0.05132 -0.04699

bark mulch 0.021982 -0.00666 -0.05132 -0.05497 -0.05063

needles 0.026316 -0.00232 -0.04699 -0.05063 -0.06021

*Positive values show pairs of means that are significantly different. 
 

 The ground cover varied for each research site.  The ground cover survey involved 

counting the material found every 10 cm2 in a 1 m2 grid.  Some possible materials found at each 

site were litter, moss, live plants, roots, bare soil and stones.  Table 16 provides evidence that 

location played a major role in the distribution of ground cover variation. 

 

 

Table 16: Analysis of Variance for Ground Cover, Location and Location*Ground Cover for all 

research sites 

 

G

roun

d 

cove

r 

variation between sites is summarized in Table 17.  Barriere was the most different from the other 

sites, sharing characteristics of ground cover with Myra. 

Source DF Sum Of Squares F Ratio Prob > F 

Ground Cover Type 6 31750.067 40.7994 <0.0001 

Location 5 46.786 0.0721 0.9963 

Location*Ground Cover 30 18618.048 4.7849 <0.0001 

Error 168 21789.6  <0.0001 

C.  Total 209 72204.5   

  

Table 17: Comparisons for all pairs of locations using LS Means Differences (Tukey HSD with 

Alpha = 0.05) for determining differences in ground cover characteristics between sites  
 

 Barriere Bellevue Currie Falkland Myra Vermilien 
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Creek 

Barriere 

 

 

0 

 

0.11429 

 

0.42857 

 

0.14286 

 

-1.0571 

 

0.11429 

 

Bellevue 

 

 

- 

 

0 

 

0.31429 

 

0.02857 

 

-1.1714 

 

-7e-15 

 

Currie Creek 

 

 

- 

 

- 

 

0 

 

-0.2857 

 

-1.4857 

 

-0.3143 

 

Falkland 

 

 

- 

 

- 

 

- 

 

0 

 

-1.2 

 

-0.0286 

 

Myra - 

 

 

- - 

 

- 0 

 

1.17143 

 

Vermilien 

 

 

- 

 

- 

 

- 

 

- 

 

- 

 

0 

 

*Positive values show pairs of means that are significantly different. 

 

 Tree density measurements were conducted on 100 m2 plots at each site to characterize 

the proportions of crown, juvenile and dead trees that were burned or standing following the 

forest fire.  The data is tabulated in the Appendix, Table 2A.  Barriere and Vermilien were 

characterized by a majority of juvenile trees, with respective percentages of 58% and 64% of the 

total tree cover.  On the other hand, Currie Creek, Falkland and Myra-Bellevue were dominated 

by mature canopy trees with measured tree densities of 62%, 55% and 60% respectively. 

 Average rainfall depths and durations from the tipping bucket rain gauges at each site 

provided data in which to approximate the average rainfall intensity during specific rain events.  

The rainfall intensity and total sediment collected at the sites during that time period are provided 

below in Table 18. 

Table 18: Major storm events recorded at the research sites during summer and fall, 2004 

 

Location 

Date (2004) and 

Duration (days) 

Rainfall Depth 

(mm) 

Avg.  Rainfall 

Intensity (mm/hr) Total Sediment (kg) 
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Falkland August 21-22 23.4 0.98  

Falkland August 24-25 10.0 0.42  

Falkland August 27-28 21.0 0.88  

Falkland September 15-16 8.0 0.33 12.1 

Myra August 6-7 13.4 0.56  

Myra August 22-23 27.0 1.13 295.6 

Myra September 2-3 21.2 0.88  

Myra September 18-19 21.4 0.89 39.8 

Currie Creek September 3-4 11.8 0.49  

Currie Creek September 11-12 19.0 0.79  

Currie Creek September 14-15 14.8 0.62  

Currie Creek September 15-20 35.0 0.29  

Currie Creek October 8-9 24.8 1.03 35.48 

Vermilien August 21-22 6 0.25  

Vermilien October 17-18 9 0.38 20.42 

 

 Laboratory analyses of soil samples taken from the research sites provided information on 

the soil texture at each location based on particle size distributions.  From this data, Myra-

Bellevue, Currie Creek and Barriere consisted of finer textured soils, whereas, Vermilien and 

Falkland consisted of coarser grained soils.   

Table 19: Average Particle Size Distributions for all sites to determine soil texture 
Sieve Size Myra (%) Currie Crk.  (%) Vermilien (%) Falkland (%) Barriere (%) 

>2000 um 6.10 9.96 11.25 27.31 6.27 

2000-850 um 7.53 16.22 30.87 28.55 9.21 

850-425 um 10.04 18.30 26.02 17.68 16.66 

425-250 um 19.29 16.33 14.34 11.24 25.43 

250-150 um 31.17 15.12 7.93 8.15 20.46 

<150 um 25.86 24.07 9.70 7.07 21.96 

 

 

DISCUSSION 

 

Many studies have documented increased surface erosion following wildfires (Moody and 

Martin, 2001; Robichaud et al., 2000).  Overland flow in post-fire areas is achieved through the 

saturation of the highly wettable ash surface when water input rates exceed infiltration rates 
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(Wondzell and King, 2003).  Changes in soil hydraulic properties and the availability of erodible 

sediment have been linked to contributing to erosive events as well (Wondzell and King, 2003).  

Steep slopes, the absence of vegetation, chemically altered repellent soil layers, abundant loose 

material and intense rain episodes are the necessary conditions for major sediment flow activity 

(Cannon et al., 1998).    

Decreased infiltration rates are directly linked to fire severity (Wondzell and King, 2003).  

A positive water entry pressure must be exceeded in water repellent soils in order for 

precipitation to infiltrate (Letey, 2001).  Every site tested for water repellency substantiated 

previous research that the upper soil layers are extremely wettable.  As you test for repellency 

deeper in the profile, a sharp contact exists between the wettable and hydrophobic layers.  

Intuitively, the deeper the hydrophobic layer, the more sediment there is available for erosion.  A 

hydrophobic layer deposited at some depth within the soil acts as a shallow perched water table 

that may be triggered during rain events (Gabet, 2003).  The Currie Creek and Falkland sites had 

very deep hydrophobic layers (30mm +) and exhibited some of the highest sediment yields in this 

study. 

The treatments of bark mulch, straw, needle cast, and seed were compared against an 

unaltered control plot to measure the sediment delivery into silt fences.  When all the data of 

treatments and location were combined together, it was apparent that each treatment decreased 

the sediment losses from the hillslope (Figure 1).  Since a great degree of site variability existed, 

it became necessary to independently analyze each site to have a better idea of treatment 

effectiveness.  The Barriere (Figure 3) and Vermilien (Figure 4) sites had similar results in that 

all treatments significantly reduced erosion as compared to the control.  At both Barriere and 

Vermilien, the grass plots were strategically placed to take advantage of previously established 

grass vegetation as our seeded plots.  The growth of vegetation on those slopes may be indicative 

of a less severe burn and therefore less erodible material available for transport.  The Falkland 

research site (Figure 2) saw results of bark mulch, straw and needle treatments to be more 

effective in decreasing erosion than the seed and control plots.  This result was also echoed at the 

Myra-Bellevue (Figure 5) and Currie Creek (Figure 6) research sites.  All three of the sites had no 

existing vegetation in which to use as seeded plots and required us to spread grass seed over the 

plots.  Given the lengthy germination time required for the seeds to establish, we would expect to 

see the seed and control plots to display similar results as this was the case at Myra-Bellevue, 

Currie Creek and Falkland.  This may explain why the sediment yield on the Myra-Bellevue, 
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Currie Creek and Falkland seeded plots was considerably more than those of the other two sites.  

Similarly, needles on the ground prior to our arrival at Currie Creek, Vermilien, Barriere and 

Falkland were used as treatment plots.  In hind sight, this may have not been a very good idea 

since remnant needles in the trees suggests the lack of a crown burn and therefore a less severe 

burn in those areas as compared to areas where crown burn was evident. 

The sediment yields observed at all sites could also be the result of human oversight 

during silt fence construction rather than due to natural erosive forces.  During excavation of the 

silt fence trench, soil may have been disturbed directly above the ditch.  This may have allowed 

the soil to be more easily dislodged during a storm event, becoming transported into the fence for 

collection.  This would mean that some of the silt in the fences could have been attributed to 

human influences rather than being directly related to the effectiveness of the treatments applied.  

Similarly, surface irregularities at each site made plot selection very difficult.  With spatial 

inhomogeneities existing within each plot, sediment storage depressions in the root holes of 

fallen trees may have contributed to changes in the sediment delivery down the slope.   

The amount of sediment delivery to the silt fence is influenced by the frequency and 

intensity of torrential rain events (Luis et al., 2003).  Appropriate estimates of sediment yield 

depend greatly on the accuracy of monitoring rain events in conjunction with overland flow 

(Scott et al., 1998).  The absence of storm events greatly hinders the sediment supply to the 

fences.  If we consider that not all the sediment may have reached the fences during rain events, 

then we may have underestimated the overall yields for each treatment.  Assumptions were made 

that contributions to the sediment yield in the silt fences would be related to the 100 m2 directly 

above the fences.  Little is known as to the actual contributing source area of the sediment.  In 

reality, some of the overland flow was observed flowing in small channels between treatments 

and influencing the sediment yield in adjacent fences eventhough a buffer had been maintained.  

Also, the first 5 meters above the silt fence in each plot appeared to be the primary source of 

sediment into the fences due to the appearance of micro-scale rilling and channelization.  This 

would cause an over-estimate of sediment yield of some treatments as compared to the others. 

DeBano et al.  (1998) have shown that the formation of hydrophobic compounds are 

linked to the type of vegetation, antecedent soil moisture content, soil textures and soil 

temperature during the fire.  Conifer forests generally have well-developed organic horizons with 

the depth of biomass on the forest floor being highly dependent on the frequency of wildfires, site 

conditions and forest age (Giovanni et al., 2001; Huffman et al., 2001; Istanbulluoglu et al., 
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2004).  Prior to fire suppression practices, conifer forests were subjected to regular intervals of 

low intensity fires that kept the litter and fuel levels to a minimum (Meyer and Pierce, 2003).  

The more frequent the fire events, the shallower the litter layer will be.  Soil heating is a direct 

result of burning of the organic layer on the soil surface, with a more pronounced repellency 

being associated with a thicker litter layer.  High levels of soil heating are a function of fuel load 

on the forest floor (Scott et al., 1998).  The slow buildup of duff material and forest stand 

densification has lead to a higher frequency of severe wildfires.  Forest understorey vegetation on 

southern facing aspects tends to be less dense than those stands on northerly aspects due to the 

drier environmental conditions.  Since water repellency is affected by the duration and severity of 

the burn, northerly aspects with the greater vegetation and litter cover should provide a greater 

depth and strength to the repellency.  The Bellevue, Currie Creek and Barriere sites were all north 

facing.  The average depth to the most pronounced water repellent layers were 15mm, 30mm and 

15mm respectively.  The depths to the repellent layer of the south facing sites were 15 mm, 15-

30mm and 15-30mm as well.  Although, there is not an obvious distinction between the sites 

initially, the Water Drop Penetration Test provided evidence that there was a greater degree of 

repellency noted on the north facing sites (Table 4A).  The greater depth of material littering the 

forest floor prior to the wildland fires on the north facing slopes would have provided more of the 

waxy hydrophobic organic substances necessary to penetrate and create a stronger repellent layer.   

Johansen et al.  (2001) documented large increases in sediment yields in Ponderosa Pine 

forests as compared to other forest types in the Western United States.  All of our research sites 

were located in Ponderosa Pine-Douglas-fir forests except for the Currie Creek site.  Although 

Currie Creek differed in vegetation type, sediment yields were generally much greater at that site 

and this can be attributed to the greater hillslope gradient and burn severity.  Pannkuk and 

Robichaud (2003) also found that Douglas-fir needles were more effective in reducing interrill 

erosion than Ponderosa Pine, whereas Ponderosa Pine was more effective in reducing rill erosion 

due to their tendency to bundle up create small dams.  All of our Okanagan sites had a mixture of 

both Ponderosa Pine and Douglas-fir, thereby allowing the needle cast to be the most effective it 

could be. 

Soil texture also affects the strength of the hydrophobic layer (Huffman et al., 2001).  

Coarse textured soils have been found to have greater hydrophobicity characteristics as compared 

to finer textured soils (Huffman et al., 2001).  The coarser textured sites, Falkland and Vermilien, 

displayed hydrophobic layers at approximately 15-30mm depth.  The Water Drop Penetration 
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Test showed a great deal of repellency close to the surface in these coarse textured soils with a 

repellency strength measured as 20-30% alcohol.  In contrast, the finer textured soils at Myra-

Bellevue and Barriere had averaged WDPT repellency strengths of 10-20% alcohol.  This 

difference in repellency is expected based on soil texture.  An anomaly exists within the Currie 

Creek data.  Currie Creek was characterized as having finely textured soils, however, the highest 

degree of repellency was measured at Currie Creek (30-35% alcohol).  This may be the result of 

the combination of fuel loads, vegetation type and severity of the burn as compared to the other 

sites.  The measured WDPT data between sites was highly variable, and Huffman et al.  (2001) 

suggests that only the measurement of critical surface tension should be used since it is less 

variable and faster to measure. 

The lithology of the site may also influence the rate of sediment delivery.  Pannkuk and 

Robichaud (2003) found that sediment delivery was greater on granitic soils than on volcanic 

soils.  The granitic soils seen at Vermilien were seen to have the opposite effect to that 

determined by Pannkuk and Robichaud, and this may be attributed to the irregular surface terrain 

noted at Vermilien that may have allowed the sediment to be stored in depressions rather than 

transported down the hill. 

Overland and debris flows are direct consequences of forest fires.  Debris flows are 

defined as flows that are transient with periodic surges of heavily debris-laden slurries separated 

by periods of relatively low flow rates (Coussot and Meunier, 1996).  Infiltration-excess overland 

flows are typically driven by intense summer rain events (Wondzell and King, 2003).  Rainfall 

erosivity is correlated to the total rainstorm energy and the maximum 30 minute rainfall intensity 

during a storm (Nearing, 2001; Brown and Foster, 1987).  In the interior of BC, where the 

majority of summer rain events are from thunderstorm activity, mass wasting events are common 

on fire burned slopes when initiated by excessive runoff.  Debris flow initiation tends to occur on 

steep, highly erodible hill slopes (Cannon et al., 1998).  Scott et al.  (1998) note that rainfall 

events of as little as 10 mm could stimulate overland flow.  Table 18 outlines several of the major 

storm events and their corresponding sediment yields for the research sites.  Examination of the 

precipitation figures 1A-6A and Table 18 indicates that several storm events occurred.  Myra-

Bellevue was subjected to a massive storm event on August 22-23, with an average rainfall 

intensity of 1.13 mm/hr.  Since the rainfall intensity was calculated over a 24 hour period, the 

peak rainfall intensity would have been much higher.  The total sediment yield for Myra-Bellevue 

during the period of August 1 to September 1, 2004, was 295.6 kg, with the majority of the 
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sediment believed to been transported by the one major storm event.  Cannon et al.  (2001) states 

that sediment mass increases exponentially with runoff and this phenomenon can be seen with the 

Myra-Bellevue data.  Heavy rainfall causes shallow slope failures in which the failed material 

may lose strength and flow (Anderson and Sitar, 1995).  The other sites did not experience an 

erosive storm event as severe as Myra-Bellevue, but smaller sediment yields were the result of 

less erosive rain events. 

  

 

CONCLUSION 

 

 Episodic sediment pulses from burned watersheds were measured to determine the 

effectiveness of four rehabilitative surface treatments.  Bark mulch, straw, and needle cast were 

significantly effective in reducing soil losses on hillslopes.  Seeding applications were more 

variable in this study and were the result of inconsistent plot selections for treatments.  The 

contributing sediment source area is debatable on each plot given the heterogeneity and 

undulating nature of natural slope systems.  Some sediment was found to have collected in 

depressions on the plots, thereby lowering the measured sediment yield for the given treatment 

and underestimating the actual sediment losses under the treatment.  The research summarized in 

this report is due to the results attained in the season following major wildfires in 2003 and 

should be conducted for several years to allow for stronger conclusions on treatment 

effectiveness to be drawn.  Given the small sample size and variability in the site selection we 

must be careful in drawing universal conclusions to these rehabilitative measures.  The 

conclusions in this experiment are directly applicable to land use planners who are attempting to 

decrease threats of post-fire debris flows in susceptible watersheds.   

 

_____________________________________________________________________________________________
FSP Technical Report, Y051327: Evaluation of fire site rehabilitation methods p.  24 



 

 

 

 

 

 

 

ACKNOWLEDGEMENTS 

 

This study is funded by the Forest Science Program of the Forest Investment Account, which 

funding is gratefully acknowledged.  Cheerful and invaluable field and laboratory assistance was 

provided by Kelli Giest, Mike Leggat, Marie-Ange Fournier-Beck, Sara Sebastian and Deborah 

Bray.   

 

 
LITERATURE CITED 

 
Anderson, S.A., Sitar, N., 1995.  Analysis of rainfall-induced debris flows.  Journal of 

Geotechnical Engineering, 121, 7 pp. 
 
Beeson, P.C., Martens, S.N., Breshears, D.D., 2001.  Simulating overland flow following 

wildfire: mapping vulnerability to landscape disturbance.  Hydrological Processes, 15, p.  
2917-2930. 

 
Brown, L.C., Foster, G.R., 1987.  Storm erosivity using idealized intensity distributions.  

Transactions of the ASAE, 30, p.  379-386. 
 
Cannon, S.H., Powers, P.S., Savage, W.Z., 1998.  Fire-related hyperconcentrated and debris flows 

on Storm King Mountain, Glenwood Springs, Colorado, USA.  Environmental Geology, (2-
3) p.  210-218. 

 
Cannon, S.H., Reneau, S.L., 2000.  Conditions for generation of fire-related debris flows, Capulin 

Canyon, New Mexico.  Earth Surface Processes and Landforms, 25, p.  1103-1121. 
 
Cannon, S.H., Bigio, E.R., Mine, E., 2001.  A process for fire-related debris flow initiation, Cerro 

Grande fire, New Mexico.  Hydrological Processes, 15, p.  3011-3023. 
 
Coussot, P., Meunier, M., 1996.  Recognition, classification and mechanical description of debris 

flows.  Earth-Science Reviews, 40, p.  209-227. 
 

_____________________________________________________________________________________________
FSP Technical Report, Y051327: Evaluation of fire site rehabilitation methods p.  25 



DeBano, L.F., Neary, D.G., Ffolliott, P.F., 1998.  Physical soil system.  In: DeBano, L.F., Neary, 
D.G., Ffolliott, P.F.  (Eds.), Fire’s Effects on Ecosystems, Wiley, New York, p.  84-102. 

 
DeBano, L.F., 1981.  Water repellent soils: a state-of-the-art.  USDA Forest Service, General 

Technical Report PSW-46.  Pacific Northwest Forest and Range Experiment Station, 
Berkeley, California, USA. 

 
DeBano, L.F., Rice, R.M., 1973.  Water repellent soils: their implications in forestry.  Journal of 

Forestry, 71, p.  220-223. 
 
DeBano, L.F., 2000.  The role of fire and soil heating on water repellency in wildland 

environments: a review.  Journal of Hydrology, 231-232, p.  195-206. 
 
Gabet, E.J., 2003.  Post-fire thin debris flows: Sediment transport and numerical modeling.  Earth 

Surface Processes and Landforms, 28, p.  1341-1348. 
 
Giovanni, G., Vallejo, R., Lucchesi, S., 2001.  Effects of land use and eventual fire on soil 

erodibility in dry Mediterranean conditions.  Forest Ecology and Management, 147 (1), p.  
15-23. 

 
Hallett, P.D., Nunan, N., Douglas, J.T., Young, I.M., 2004.  Millimeter-scale spatial variability in 

soil water sorptivity: scale, surface elevation and subcritical repellency effects.  Soil Science 
Society of America Journal, 68 (2), 7 pp. 

 
Huffman, E.L., MacDonald, L.H., Stednick, J.D., 2001.  Strength and persistence of fire-induced 

soil hydrophobicity under ponderosa and lodgepole pine, Colorado Front Range.  
Hydrological Processes, 15, p.  2877-2892. 

 
Istanbulluoglu, E., Tarboton, D.G., Pack, R.T., Luce, C.H., 2004.  Modeling of the interactions 

between forest vegetation, disturbances, and sediment yields.  Journal of Geophysical 
Research, 109, 22 pp. 

 
Johansen, M.P., Hakonson, T.E., Breshears, D.D., 2001.  Post-fire runoff and erosion from 

rainfall simulation: contrasting forests with shrublands and grasslands.  Hydrological 
Processes, 15, p.  2953-2965. 

 
Letey, J., 2001.  Causes and consequences of fire-induced soil water repellency.  Hydrological 

Processes, 15, p.  2867-2875. 
 
Luis, M.D., Gonzalez-Hidalgo, J.C., Raventos, J., 2003.  Effects of fire and torrential rainfall on 

erosion in a Mediterranean Gorse community.  Land Degradation and Development, 14, p.  
203-213. 

 
Meyer, G.A., Pierce, J.L., 2003.  Climatic controls on fire-induced sediment pulses in 

Yellowstone National Park and central Idaho: a long-term perspective.  Forest Ecology and 
Management, 178 (1/2), p.  89-104. 

 

_____________________________________________________________________________________________
FSP Technical Report, Y051327: Evaluation of fire site rehabilitation methods p.  26 



Moody, J.A., Martin, D.A., 2001.  Initial hydrologic and geomorphic response following a 
wildfire in the Colorado Front Range.  Earth Surface Processes and landforms, 26, p.  
1049-1070. 

 
Nearing, M.A., 2001.  Potential changes in rainfall erosivity in the U.S.  with climate change 

during the 21st century.  Journal of Soil and Water Conservation, 56 (3), p.  229-232. 
 
Pannkuk, C.D., Robichaud, P.R., 2003.  Effectiveness of needle cast at reducing erosion after 

forest fires.  Water Resources Research, 39 (12), 9 pp. 
 
Robichaud, P.R., Beyers, J.L., Neary, D.G., 2000.  Evaluating the effectiveness of post-fire 

rehabilitation treatments.  General Technical Report RMRS-GTR-63, USDA Forest Service, 
Rocky Mountain Research Station. 

 
Robichaud, P.R., Brown, R.E., 2002.  Silt fences: an economical technique for measuring 

hillslope soil erosion.  General Technical Report PMRS-GTR-94, USDA Forest Service, 
Rocky Mountain Research Station, 23 pp. 

 
Scott, D.F., Versfeld, D.B., Lesch, W., 1998.  Erosion and sediment yield in relation to 

afforestation and fire in the mountains of the western Cape Province, South Africa.  South 
African Geographical Journal, 80 (1), p.  52-59. 

 
Wondzell, S.M., King, J.G., 2003.  Postfire erosional processes in the Pacific Northwest and 

Rocky Mountain regions.  Forest Ecology and Management, 178 (1/2), p.  75-87. 
 

 

_____________________________________________________________________________________________
FSP Technical Report, Y051327: Evaluation of fire site rehabilitation methods p.  27 


	Site Descriptions
	Methods

	Table 2: Analysis of Variance for all treatments and locations
	Source
	 To further differentiate any differences that may have existed between all the locations and the respective treatments, a Tukey-Kramer Honestly Significant Difference (HSD) Test was conducted on the data.  The Tukey Test assists in determining which sample means are significantly different from which others.  Table 3 shows the results of the Tukey Test applied to all of the locations and treatments together.  A positive value in the table indicates pairs of means that are significantly different from one another.  In this instance, only the bark mulch treatment is found to be significantly different from the control.
	Table 3: Comparisons for all pairs of treatments using Tukey-Kramer (HSD) and Alpha = 0.05
	Table 6: Analysis of Variance for sediment yield by treatment for the Falkland research site, 2004



	Table 7: Comparisons for all pairs using Tukey-Kramer (HSD) and Alpha = 0.05 for Falkland
	Table 11: Comparisons for all pairs using Tukey-Kramer (HSD) with Alpha = 0.05 for Vermilien (*Positive values show pairs of means that are significantly different)
	Table 18: Major storm events recorded at the research sites during summer and fall, 2004
	Table 19: Average Particle Size Distributions for all sites to determine soil texture
	DISCUSSION
	ACKNOWLEDGEMENTS
	LITERATURE CITED


