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Post-wildfire Natural Hazards 
 
Following wildfires, there can be an increased incidence of flooding, erosion, and landslides. In 
British Columbia, these hazards are not as widespread as in hotter, drier climates such as the 
southwestern United States, but following the exceptional fire season of 2003, there were a 
number of serious flooding and landslide incidents in southern British Columbia. 
 
Floods in Kelowna after the 2003 Okanagan Mountain Park fire, debris flows in the Cedar Hills 
fire near Falkland, and the destruction of several buildings by a debris flow at Kuskonook near 
Creston in 2004, are examples of the natural hazards that can follow severe wildfires. Several 
damaging debris flows also occurred after a 2007 fire near Slocan. 
 
In 2005, the Southern Interior Forest Region began to develop a procedure for identifying and 
managing risks from post-wildfire natural hazards such as debris flows and floods. The 
procedure was applied in 2007 on six severe wildfires in the West Kootenays. 
 
Effects of wildfire on soil and hydrology 
 
Wildfire causes changes to the soil which can significantly affect runoff and slope stability. 
These changes can include loss of the forest floor, and the formation of a water-repellent layer 
below the soil surface. The forest floor forms a resistant surface layer which absorbs rainwater 
and protects the underlying mineral soil from erosion. Partial or complete burning of the forest 
floor leaves the soil exposed to erosion. If a water-repellent layer forms, a much greater 
proportion of rainfall can run over the surface instead of infiltrating into the soil, which can 
greatly accelerate erosion, as well as creating more rapid runoff in streams. 
 
Other changes to forest vegetation can also have hydrologic effects. Loss of understory 
vegetation reduces the interception capacity, which can result in increased runoff from rainfall. 
Loss of the forest canopy results in increased snow accumulation, increased snowmelt rates, and 
reduced evapotranspiration.  These changes can cause increased runoff from both snowmelt and 
long-duration rainfall, and higher groundwater levels, which can contribute to slope failures if 
there is unstable terrain in or below the affected area.  This change is long-term until the forest 
regenerates, and is essentially the same as the effects of clearcutting or mountain pine beetle 
infestation. 
 
Further information on the effects of wildfire can be found in: 
[Links to Scott and Pike 2003, and Curran et al 2006] 
 
 
 



Post-Wildfire Natural Hazard Events in British Columbia  
 
In the southern interior of British Columbia in 2003, there were many large wildfires, including 
several in population interface areas.  In the following two years, flooding and mass movement 
events occurred in several of the burns.  The most notable examples were: 
• Okanagan Mountain Park fire near Kelowna – in October 3003, debris floods and flooding 

occurred in several creeks, caused by a short, intense rainstorm.  Municipal roads, culverts, 
and private property were affected. 

• Cedar Hills fire near Falkland – in June 2004, several small debris flows and flooding 
occurred in gullies below the burn, caused by a short duration rainstorm.  A highway and 
private property were affected. 

• Kuskonook fire near Creston – in August 2004, debris flows destroyed two houses and 
blocked a highway for several days. 

• Lamb Creek fire near Moyie Lake – in August 2004, a large debris flood damaged a forest 
road, and impacted fish habitat. 

• Ingersoll fire near Burton – In October 2005, during a 3-day low-intensity rainstorm, about 
15 debris flows and debris slides occurred in gullies in and below the burn.  Several of these 
were very large, and damaged forest roads and forested private property below. 

 
 

 
 
Soil erosion caused by overland flow in the Cedar Hills fire, near Falkland, BC. (Photo: Bill 
Grainger) 
 
 



 
 
Kuskonook Creek debris flow of August 2004. 
 
 

 
 
Debris flows below the Mt Ingersoll fire, October 2005 
 
 
 
 



Post Wildfire Erosion Research 
 
Fire is a natural process, as is the erosion that follows. Large debris flows and landslides 
throughout history have changed the face of the landscape and helped create what it is today. 
However, when life and property are in the path, it becomes a concern. 
 
Post-fire erosion events have been recorded and researched in the US for many years, however 
very few incidents had been recorded in BC until 2003. Following the severe fire season of 2003, 
numerous destructive debris flows and landslides initiated from severely burned hillslopes 
following high intensity summer rainstorms.  
 
Since these events, questions have arisen as to why this issue has suddenly become a problem in 
BC. 
 

• Are rainstorms becoming more severe and more frequent due to climate change? 
 

• Did a normal amount of rain fall, but there is more burned area to be affected? 
 

• Are fires are becoming more severe and causing more damage to the soil?  
 

• Did drought conditions increase the susceptibility of soil to fire effects? 
 
Likely, a combination of these factors are increasing the frequency of events in BC, and in 2007 
researchers at the Southern Interior Forest Region began working to understand the causes in 
order to prevent damage to human life and property in the future.  
 
Three main factors leading to soil erosion after fire are exposure of mineral soil due to the 
consumption of forest floor, changes to soil properties that reduced infiltration of water into soil, 
and a large input of water from rain or snowmelt events. 
  
Currently underway are four investigations of these effects that will help determine what factors 
are most relevant, where events are most likely to initiate from, and how these events can be 
prevented or reduced:  
 
 



1. Effect of Burn Severity and Forest Floor on Runoff and Erosion  
High intensity rainfall is simulated with a rainfall simulator (overhead sprinkler) for 20 minutes 
on 1 m2 plots located in four different conditions: high severity burn (H), moderate severity burn 
(M), unburned (UB) and unburned with the forest floor manually removed (UB-R).  
 

 
        Rainfall simulation in progress          Runoff and sediment collection from high severity plot  
 
 
 
 
 
 
 
 
 
 
          H                           M           UB               UB-R  
 
At 1-minute intervals, samples of runoff and sediment are captured in bottles at the outlet. These 
samples are weighed and dried to calculate the weight of sediment and volume of runoff over the 
period of the simulated storm. The amount of rainfall minus the runoff equals the amount of 
water that infiltrates. Comparison of the infiltration rate between the different plots indicates how 
each condition affects the rate of runoff. These values can then be compared to other similar 
studies done in the US.  
 



2. Effect of Burn Severity on Water Repellency, Infiltration and Soil Moisture  
Hydrophobic compounds released from burned vegetation settle and bind to soil particles 
creating a water repellent layer in the soil. At the same time, fine ash and soil can clog soil pores 
further reducing infiltration. Water repellency, infiltration and soil moisture are measured at 5 
points along transects in high severity burn, moderate severity burn, and unburned two times per 
year to monitor the severity and persistence of water repellency in burned and unburned forests. 
Where straw mulch was applied, transects are also to see if mulching increases soil moisture and 
infiltration or reduces water repellency. 
 

 
 
Collecting soil moisture, water repellency and infiltration data at points along a 40-meter transect 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     High severity burn soil trench with water repellent layer 



3. Effectiveness of Straw Mulch to Reduce Erosion 
Straw mulching is an effective tool used commonly in the US to control erosion after wildfire. In 
2007, MFR did a straw mulch trial to assess if it would be as effective here in BC. Silt fences (3 
meters wide) were constructed in high severity burns with and without straw mulch, as well as 
on moderate severity burns to monitor the effectiveness of the straw mulch treatment to reduce 
sediment from hillslope erosion. Rain gauges are installed near the plots to relate the amount of 
sediment to each rain event.  
 
 

 
 
Straw mulched plot (minimal sediment)         Cleaning a High severity silt fence (several bags of sediment) 
 
 
 
 
 
 
 
 
 
 
 



4. Watershed Scale Effects of Burn Severity on Runoff and Erosion 
Weirs and sediment traps were constructed to monitor sediment and runoff from three first-order 
watersheds (50-60 hectares). T0 is unburned, T2 is partially burned with straw mulch on the high 
severity burns, and T3 is partially burned with no treatment.  

 

Watersheds and weir locations. Burn Severity map shows red areas as high, yellow as moderate, and green as low 
burn severity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Sediment Trap 
 



The sediment trap is located approximately 20 meters upstream from the weir. It creates a 
settling pool that lets the stream to flow through and over it, but allows the larger sediment to 
settle out. This sediment can be removed and measured throughout the year following large 
storms and runoff events. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Weir Installation      Finished Weir 
 
Just downstream from the sediment trap is the v-notch weir that is instrumented to collect stream 
flow and sediment concentration. Rain gauges in the upper reaches of each watershed record rain 
events which can then be compared to changes in sediment and runoff at the weirs. Comparison 
between rain events and the runoff at sediment differences between the watersheds will indicate 
how each burn condition, and the application of straw mulch affect runoff and erosion. 

 
 

 



The Post-Wildfire Natural Hazards Risk Management policy and procedure 
 
The BC Forest Service has developed a procedure to identify and analyse risks from flooding 
and landslides that can follow wildfire. The procedure is carried out by BC Forest Service 
engineering and forest science specialists, or by trained specialists from other agencies or 
consulting companies. 
 
The procedure includes the following steps.  
• First, all wildfires in potential high-risk areas (such as interface areas, highway/industrial 

corridors, community watersheds) are screened to identify any which might present 
significant hazards.  

• For fires of concern, specialists inspect the fire from a helicopter, identify hazardous features 
such as steep gullies, and map burn severity based on aerial photographs. This is followed, 
when it is safe to work in the burned area, by field work on the ground to test soils for burn 
severity, and to identify areas of high landslide, debris flow, or flood hazard. Elements at risk 
(e.g. alluvial fans, highway stream crossings) are inspected. 

• For fires that are determined to be high risk, the Provincial Emergency Program or local 
government agencies are informed, and they in turn contact affected stakeholders. Further 
work may include preparation of satellite-based burn severity maps, more detailed ground 
investigations, and recommendations on defensive works or treatments. 

 
If there are high risks to public safety or infrastructure, mitigative works might be considered. 
These can include deactivation of roads and logging trails, physical control measures such as 
catch basins at highway stream crossings, and erosion control treatments such as straw mulching. 
Generally, the implementation of these measures is the responsibility of the affected resource 
agency or landowner. 
 
The post-wildfire natural hazards risk management procedure is based, in part, on the BAER 
(burned area emergency response) procedure used in the United States. The USDA Forest 
Service has been instrumental in helping us develop our procedure, doing burn severity mapping, 
and assisting with field work. 
 
 



 
 
Example illustrating the concept of the risk analysis procedure (2007 Springer fire near Slocan, 
BC). A hazard was identified of debris flows originating on severely burned upper slopes above 
a series of steep gullies. Values at risk, including residences, a highway, and water intakes, are 
located at the base of the slope. 
 
 

 
 
Field checking of soil burn severity, Springer fire, September 2007 



More about risk 
 
 
Risk, in the geotechnical sense, is the chance of injury or loss to health, property, the 
environment, or other things of value, from a source of potential harm, or a hazard. In its 
simplest form risk can be mathematically expressed as:   
Risk = Hazard x Consequence 
where Hazard is the probability of a hazardous event occurring. Consequence is a combination 
of the probability that the hazardous event will impact the value at risk, and the vulnerability and 
value of that element. 
 
For example, in the case of risk to a building on an alluvial fan subject to debris flows, hazard is 
the probability that a debris flow will occur and reach the fan. Consequence is the probability 
that, if the debris flow occurs, it will hit the building. Consequence also includes vulnerability 
(how likely is the building to be damaged by the debris flow) and value (is it a house or a 
woodshed). Risks to fixed objects (e.g. buildings, bridges, roads), and risks to human life or 
health, are usually evaluated separately. 
 
Risk can be expressed quantitatively in terms of numerical probability. However, it is more 
common, for simple applications such as the risk analyses done for post-wildfire natural hazards, 
to express risk qualitatively, using a simple Low-Moderate-High scale. 
 
Risk management is a complete process involving all the steps in the decision-making framework 
and communication about risk issues. Risk analysis, the first step in the process, includes 
identifying the hazards, and estimating the chance of harm to the elements at risk. 
 
[links to CSA 1997, and Wise et al 2004] 
 
 
 

 
 



 

 
 
 
 
 
 
 
 



Risk analysis and management of 2007 wildfires 
 
 
In 2007, the newly-developed risk management procedure was put to the test when a number of 
severe wildfires occurred in the West Kootenay region of the Southeast Fire Centre. Risk 
analysis reports were done for six of the fires, which were identified by the screening process as 
having potential risks. 
 
The risk analyses identified two fires, the Springer fire near Slocan and the Sitkum fire near 
Nelson, as having high risks to public safety and infrastructure. As a result, mitigation treatments 
were applied to reduce the risks. These included aerial straw mulching of severely burned areas, 
deactivation of old roads, a catch basin below debris flow gullies, and bank protection at a 
highway bridge. 
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Springer fire, 2007 N50372, 8 km north of Slocan 
 

 
 
Sitkum fire, 2007 N70347, 15 km north of Nelson 
 
 



 
 
Aerial straw mulching, Springer fire 
 

 
 
Straw mulching on the ground, Sitkum fire 
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Burn severity mapping 
 
Burn severity mapping is an important tool in identifying post-wildfire hazards. The probability 
of erosion or landslide initiation is greatly increased if severely burned areas cover a significant 
area of a watershed, especially if these areas occupy the upper elevations. 
 
There are two types of burn severity. Vegetation burn severity (sometimes called fire severity) 
refers to the damage caused to the forest canopy and understory shrubs. This can be readily 
mapped from air photos or satellite imagery. Soil burn severity refers to the changes caused to 
the soil be fire, such as burning of the forest floor and shallow roots, loss of soil structure, and 
creation of a water repellent layer. Soil burn severity can be reliably mapped only from ground 
observation and measurements. There is often a correlation between vegetation and soil burn 
severity, and a vegetation burn severity map can often give a good indication of where severely 
burned soils may be present. However, field verification is still necessary. 
 
The post-wildfire risk analysis procedure includes preparation of a preliminary burn severity 
map, based on the appearance of the burned area from the air. These maps are simple and quick 
to prepare, and are very useful in planning where to spend time on the ground during field work, 
as well as estimating what area of a watershed has been severely burned. However, they may not 
be very accurate. 
 
More accurate burn severity maps are prepared from satellite imagery. They are known as BARC 
(burned area reflectance classification) maps, and are based on the difference between pre-fire 
and post-fire images in the red and near infrared bands. Usually the images from the Landsat 
satellite are used, as these are relatively inexpensive, the images cover a large area, and the 30 m 
pixel size is adequate for most mapping purposes. The maps depend on acquiring a suitable 
image soon after the fire; the satellite passes overhead every 18 days, and sometimes the images 
are unusable due to cloud cover, so these maps often cannot be made until a month or longer 
after the fire. 
 

 
 
Oblique aerial photo used for preliminary burn severity mapping. Sitkum fire near Nelson, BC.  



 
 
The left map is a preliminary, hand-drawn burn severity map. The right map is a BARC map 
prepared from Landsat satellite imagery (based on data provided by USDA Forest Service). 
 


