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ABSTRACT
Wildfires burning near populated areas have been increasingly prevalent in British Columbia. Burned watersheds suffer impacts on hydrolo-

gy and stability through a loss of vegetation and physical and chemical changes in soil properties, making them more prone to post-wildfire 

debris flows. Debris flows initiated from burned areas are typically triggered by lower rainfall intensities and may generate greater volumes 

than those occurring in unburned conditions. Slopes are generally most susceptible to post-wildfire effects in the first few years following a 

wildfire, after which a landscape starts to recover. In BC, PWDF events have affected communities and infrastructure, most recently following 

the 2021 wildfire season and ensuing severe storm events. This paper presents an approach to PWDF assessments in BC and provides an 

example of mitigation through establishing a rainfall early warning system. 

INTRODUCTION
Wildfire impacts the hydrology and stability of a slope through loss of vegetation and modification of soil properties. Burned watersheds 

may produce debris flows, debris floods, and floods that are often greater in magnitude as compared to unburned conditions and triggered 

by ordinary storms. When fires burn watersheds above communities and infrastructure, there is urgency both for the fire response and 

suppression and for the post-fire response and mitigation from emergency managers and geoscience practitioners. In the interior of British 

Columbia (BC) where many post-wildfire debris-flow (PWDF) events occur, May and June are typically the wettest months of the year and, 

combined with melting snowpacks, present the highest likelihood for PWDF initiation.

British Columbia experienced its most destructive wildfire season this year in 2023, with a total of 2,217 fires burning almost 25,000 km2 

of forests and grasslands (CBC, 2023). The post-wildfire effects of this season are yet to be observed, but the fires destroyed homes and 

impacted communities, causing the evacuation of several thousand residents. Two seasons prior in 2021, BC experienced its most historic 

wildfire season at the time, with 1,642 fires burning a total of 8,700 km2 (BC Wildfire Service, 2022). Subsequently, from August to October 

2021, several post-wildfire events occurred in freshly burned watersheds and impacted communities, highways, and railways. Furthermore, 

an atmospheric river occurred in November 2021, which brought two days of high rainfall amounts to BC where soils have already been 

wetted by antecedent rainfall.  This caused landslides in both burned and unburned areas, with the erosive response of burned watersheds 

exacerbated by the wildfires. These events took out bridges and severed major highways, which greatly impacted communities and infra-

structure (Gillet et al., 2022). 

Geoscience practitioners in BC have been heavily relied upon by governing bodies, communities, and infrastructure clients to monitor haz-

ards, mitigate risks, provide working guidelines, and support emergency measures for PWDF hazards. This has necessitated a coordinated 

response to solve these problems. This paper summarizes an assessment method used in BC to characterize PWDF hazard and an example 

of mitigation through implementing an early warning system.  

WILDFIRE EFFECTS ON WATERSHEDS
Wildfire impacts the hydrology and stability of a slope through loss of vegetation and modification of soil properties. During a fire, hydro-

phobic compounds accumulate below the soil surface, which creates water repellency and reduces water storage capacity and infiltration 

rates of the soil (Shakesby and Doerr, 2022). The removal of soil-mantling vegetation and litter reduces evapotranspiration and changes the 

soil moisture dynamics (Rengers et al., 2020; Moody and Martin, 2001), and decreases root strength, thus reducing the apparent cohesion 

of the soil (Rengers et al., 2020). There is also an increase of precipitation reaching the ground surface through loss of vegetative canopy 

(Rengers et al., 2020; Parise and Cannon, 2012). As a result, burned slopes are often more susceptible to debris flows, debris floods, floods, 

and other slope hazards. 

The largest events are most often triggered by ordinary storms with low return periods in the first 2 years following a wildfire event (Cannon 

and Gartner, 2005; Staley et al., 2020; Degraff et al., 2015). For study areas in Southern California, landscape recovery is usually reached after 

5 to 10 years, depending upon the rate of vegetation regrowth in the fire area (Bartels et al., 2016). The rate of landscape recovery has yet 

to be established in BC. 

Hazel Wong; BGC Engineering; Kamloops, BC CANADA
Joseph Gartner; Carie-Ann Lau

643CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024

« BACK TO CONTENT



ASSESSMENT
In BC, PWDF hazards have been assessed and managed using the following process: (1) burn severity mapping, (2) estimating PWDF vol-

ume and peak discharge, (3) identifying areas prone to producing PWDFs, and (4) assessing risk to prioritize mitigation.

Fieldwork is also critical to verify burn severity, measure PFDF events, identify assets at risk, and to “field-truth” and gain a sense of the 

hazard and risk. A final deliverable would describe the assessment methods and results, and provide maps of burn severity, hazard ratings, 

and risk ratings.  

These assessments may be completed for various spatial scales and applications, depending on data availability and existing workflow. For 

example, these assessments can provide emergency decision support to governing agencies during post-wildfire response stages to prior-

itize certain areas for detailed study, immediate mitigation, or evacuation action. Studies may also be completed for intermediate-term for the 

purposes of informing permitting for rebuilding efforts. Detailed assessments may be completed using these methods for designing structural 

mitigation or siting new developments. In addition, desktop assessments may be completed for climate change adaption of unburned areas 

in anticipation of potential effects future wildfires. These “pre-fire” assessments may use wildfire susceptibility modeling and assuming burn 

proportions within watersheds in lieu of actual burn severity mapping after a wildfire. 

The following sections provide details on aspects of the assessment approach. An example of mitigation through an early warning system 

implemented as a result of the hazard assessment is provided after these sections. 

Burn Severity Mapping

A critical distinction of PWDF hazards from non-burned landslides is the effect of fire activity on the vegetation and soil. The intense heat 

of the fire combusts vegetative litter and duff. The severity of the burned vegetation can be evaluated using remote sensing techniques to 

compare pre- and post-fire imagery to generate burn severity maps. The spatial variability is characterized using vegetation indices assigned 

to ranges of differential normalized burn ratio values. The burn severity map can also be used to approximate the changes to the soil 

hydrology caused by fire and susceptibility of the soil to erosion. Burn severity mapping is typically field-verified, with evaluation of burn 

severity based on the apparent degree of mortality of the vegetative canopy and understory, depth of combusted organic matter in the soil 

and presence of water repellency.

Estimating Magnitude

Post-wildfire debris-flow magnitude is characterized by event volume and peak discharge. Volume is important, as it determines how much 

material may be generated from an event with implication on how much cleanup is required or as input into the intensity of events. Em-

pirical models for predicting PWDF volumes (e.g., Cannon et al., 2010; Gartner et al., 2014) can be used. These models are applicable for 

up to two years following the wildfire, after which plant re-growth and/or source area sediment depletion render them less reliable. The 

United States Geological Survey most commonly uses the Gartner et al. (2014) volume model, which was developed using data mostly from 

Southern California. Calibration of this model to local conditions can be done by comparing post-wildfire volumes predicted by the model 

in an area to volumes of measured local PWDF events. Comparisons for events in BC have found that calibrated volumes for these areas are 

half to a quarter of the size of volumes predicted by the model for smaller (<1000 m3) events. 

Peak discharge is also a critical variable in any debris-flow assessment to understand mitigation structure sizes and for input into some 

numerical models. It can be estimated by back-calculating from various field measurement methods on PWDF events. Measurements can 

also be made using post-event lidar. Measured peak discharges may be plotted against empirical correlations such as those developed by 

Jakob (1996) and Bovis and Jakob (1999), shown in Figure 1, to approximate a relationship between PWDF volume and peak discharge. 
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Figure 1 Empirical relationships between measured peak discharge and volume. This plot shows estimates of PWDF events (red) measured by the author and team and data from Bovis and 

Jakob (1999) differentiated by dominant geology of the sediment source for debris flows in BC (blue for fine-grained or softer sources producing muddy flows, grey for coarse-grained or 

harder sources producing granular flows). 

Identifying areas prone to PWDF

In BC, PWDF hazard has been assessed based on the distribution and severity of fire in the burned watersheds and watershed morphomet-

rics of Melton ratio and stream length. This assessment method can be used for single watersheds or across whole valleys for desktop-based 

studies or prior to fieldwork. If PWDF events in the area have been measured, a calibrated volume model may be created from adjusting 

that of an existing model (eg. Gartner et al., 2014) to estimate magnitudes across all other watersheds in the study area. A more refined 

combined hazard rating system may then account for hazard likelihood and ranges of magnitude values. An example of this workflow is 

shown in Figure 2 below. 

Figure 2 Example of workflow of inputs for PWDF hazard assessments. Note that the “Post-wildfire Hazard Likelihood Rating” may be used if magnitude is not available to create a 

“Post-wildfire Combined Hazard Rating”. 

Assessing risk

A risk assessment for assets at risk may be completed with conventional methods since post-wildfire conditions are captured in the hazard 

assessment process. For instance, a simplistic partial risk assessment may consider post-wildfire hazard likelihood rating and a qualitative 

assessment of spatial risk. If available, a combined hazard rating with magnitude may be used, combined with spatial risk, and compared 

against the vulnerability of assets at risk to assess their probability of being impacted and capacity to withstand a hazard event. Other de-

tailed studies may include numerical modelling to gain an understanding of potential depths, velocities, and areas potentially inundated by 

PWDFs. Risk mapping can then be completed using runout and intensity zones and may be intersected with information on the vulnerability 

of assets at risk. 
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MITIGATION – EARLY WARNING SYSTEM
Once a hazard and risk assessment has been completed, areas may be identified as priority for emergency mitigation. An example of 

a non-structural mitigation measure that has been developed and implemented in short order in BC is a PWDF early warning system. 

Post-wildfire debris flows can occur shortly after a fire is put out, leaving little time to design and construct debris flow hazard reduction 

structures. They may also occur with very little warning and within minutes of heavy rainfall occurring in the upstream watershed. By the 

time a PWDF is observed, there is often too little time to warn and evacuate communities or workers. An early warning system can provide 

some level of mitigation and can be in place while an engineered structure is being designed and constructed. This can be developed by 

compiling forecasted rainfall intensities (e.g. publicly-available forecast model outputs) and comparing with a rainfall threshold model de-

veloped for that site. 

Establishing a Rainfall Threshold Model

A rainfall threshold model can be developed to inform on triggering conditions for PWDF initiation. The model is created from information 

on storm return periods and empirical data from previous storms. 

The frequency of storm events and rainfall intensities may be determined by producing an Intensity-Duration-Frequency (IDF) plot by a 

variety of methods (eg. Simonovic et al., 2015) for burned areas. In the first few years after a fire, PWDFs are typically generated through a 

process of progressive sediment bulking (e.g., Cannon et al., 2003; DeGraff et al., 2015; Santi & Macaulay, 2021). In BC, PWDFs in the first 

year following a wildfire have been observed to be triggered by storm intensities of less than 2-year return periods and with storms lasting 

less than 2 hours and often less than 1 hour. Over longer time periods, in forested terrain, debris-flow initiation may shift toward infiltra-

tion-dominated processes as surface vegetation and soil infiltration capacities recover and roots of burned trees decay (DeGraff et al., 2015).

Thresholds for a study area may be refined by plotting rainfall intensities of previous rainfall events in local or nearby burned watersheds 

along with storm return periods on the IDFs. These storm intensities can be determined from radar sources. These event intensities may be 

symbolized to distinguish between rainfall events that were known to have triggered PWDFs and those that did not. An envelope line can 

then be drawn below the data points of documented PWDFs. Above this line, PWDFs are increasingly likely. Note that the critical triggering 

events for PWDFs in Interior BC are typically high-intensity convective storms which last for 15 minutes to 1.5 hours. Although much less 

common in the area, low-intensity, long-duration rainfall events may also trigger these events, such as during the 2021 atmospheric river 

event. 

Situational Awareness Bulletin

A PWDF early warning system can be implemented through producing a user-friendly situational awareness bulletin, which identify the 

likelihood of PWDF occurrence in response to forecasted rainfall. The frequency of bulletin issue may depend on when forecast models 

update, the hazard rating, and the rate of change in the weather. A bulletin can provide information on the next 24 hours and the next 24 

to 48 hours. An example that was implemented in Interior BC after the 2021 wildfire season is provided in Figure 3. 

Figure 3 Example of a situational awareness bulletin issued as part of a PWDF early warning system. 
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This information can be used by emergency managers to inform decisions to issue a warning or order evacuations for communities or a shut-

down for linear infrastructure. Early warning systems have been incorporated into both community-based and province-wide emergency 

management programs in BC and elsewhere, as well as for infrastructure such as transportation corridors and pipelines.

CONCLUSION
Wildfire seasons in Canada are expected to become longer and more active with climate change (Wang et al., 2015). Governing agencies 

and other decision makers must become more equipped to understand the risk of their communities and assets to post-wildfire hazards, 

including debris-flow events. Geoscience practitioners are positioned to provide scientific and technical guidance, which can include the 

methods and the application of such methods described in this paper. Furthermore, the global community of geoscientists, practitioners, 

policy makers, and emergency managers in the field of post-wildfire hazards benefit from sharing knowledge, data, and lessons learned, as 

a rapidly changing climate requires increasingly urgent, highly technical, and coordinated efforts from everyone. 

REFERENCES
Bartels, S.F., Chen, H.Y.H., Wulder, M.A, White, J. (2016). Trends in post-disturbance recovery rates of Canada's forests following wildfire and harvest. Forest Ecology 

and Management 361: 194–207.

BC Wildfire Service (2022). Wildfire Season Summary. Accessed at: https://www2.gov.bc.ca/gov/content/safety/wildfire-status/about-bcws/wildfire-history/wild-

fire-season-summary.

Bovis, M.J. and Jakob, M. (1999). The role of debris supply conditions in predicting debris flow activity. Earth Surface Processes and Landforms 24: 1039-1054. 

Canadian Broadcasting Corporation [CBC] (2023). 2023 is now officially the most expensive, most destructive wildfire season on record in B.C. Accessed at: https://

www.cbc.ca/news/canada/british-columbia/wildfire-danger-reducing-1.6980041.

Cannon, S. H., Gartner, J. E., Parrett, C., and Parise, M. (2003). Wildfire-related debris-flow generation through episodic progressive sediment-bulking processes, west-

ern USA. Proceedings of 3rd International Conference on Debris-Flow Hazards Mitigation: Mechanics, Prediction, and Assessment, 10.-12. September 2003: 71-82.

Cannon, S. H., Gartner, J. E., Wilson, R. C., Bowers, J. C., Laber, J. L. (2008). Storm Rainfall Conditions for Floods and Debris Flows from Recently Burned Areas in 

Southwestern Colorado and Southern California. Geomorphology 96: 250-269.

Cannon, S.H. and Gartner, J.E. (2005). Wildfire-related debris flow from a hazards perspective. Debris-flow Hazards and Related Phenomena, 363-385. 

Cannon, S.H., Gartner, J.E., Rupert, M.G., Michael, J.A., Rea, A.H., Parrett, C. (2010). Predicting the probability and volume of postwildfire debris flows in the intermoun-

tain western United States. Geological Society of America Bulletin 122(1-2): 127-144.

Degraff, J.V., Cannon, S.H. Gartner, J.E. (2015). The Timing of Susceptibility to Post-Fire Debris Flows in the Western United States. Environmental & Engineering 

Geoscience 21: 277-292.

Gartner J.E., Cannon S.H., Santi P.M. (2014). Empirical models for predicting volumes of sediment deposited by debris flows and sediment-laden floods in the transverse 

ranges of southern California. Engineering Geology 176: 45-56.

Gillett, N. Cannon, A., Malinina, E., Schnorbus, M., Anslow, F., Sun, Q., Kirchmeier-Young, M., Zwiers, F., Seiler, C., Zhang, X., Flato, G., Wan, H., Li, G., Castellan, A. 

(2022). Human Influence on the 2021 British Columbia Floods. Weather and Climate Extremes 36: 100441.

M. Jakob (1996). Morphometric and Geotechnical Controls of Debris Flow Frequency and Magnitude in Southwestern British Columbia. University of British Columbia.

Moody, J.A. and Martin, D.A. (2001). Initial Hydrologic and Geomorphic Response following a Wildfire in the Colorado Front Range. Earth Surface Processes and Land-

forms 26: 1049-1070.

Parise, M. and Cannon, S.H. (2012). Wildfire impacts on the processes that generate debris flows in burned watersheds. Natural Hazards 61: 217-227.

Rengers, F.K., McGuire, L.A., Oakley, N.S., Kean, J.W., Staley, D.M., Tang, H. (2020) Landslides after wildfire: initiation, magnitude, and mobility. Landslides 17: 2631-

2641.Santi, P. M., and MacAulay, B. (2021). Water and sediment supply requirements for post-wildfire debris flows in the western United States. Environmental and 

Engineering Geoscience 27(1): 73–85.

647CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024



Shakesby, R.A. and Doerr, S.H. (2006) Wildfire as a hydrological and geomorphological agent. Earth-Science Review 74: 269-307.

Simonovic, S.P., A. Schardong, R. Srivastav, D. Sandink (2015). IDF_CC Web-based Tool for Updating Intensity-Duration-Frequency Curves to Changing Climate – ver 7.0. 

Western University Facility for Intelligent Decision Support and Institute for Catastrophic Loss Reduction. Accessed at: https://www.idf-cc-uwo.ca.

Staley, D.M., Kean, J.W., Rengers, F.K. (2020). The recurrence interval of post-fire debris-flow generating rainfall in the southwestern United States. Geomorphology 

370: 107392.

Wang, X., Thompson, D. K., Marshall, G. A., Tymstra, C., Carr, R., Flannigan, M. D. (2015). Increasing frequency of extreme fire weather in Canada with climate change. 

Climatic Change 130(4): 573-586.

648CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024


