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Preamble
According to the Government of Canada, from May to October 2023, the Northwest Territories
(NWT) experienced over 300 wildfires that burned over four million hectares, leading to the
evacuation of multiple communities, together representing nearly 70% of the NWT’s population.
This was the largest wildfire season on record for the Territories. Last November, the Insurance
Bureau of Canada estimated the damages to the communities of Behchokǫ̀-Yellowknife and
Hay River to be over $60 million in insured damages. Already, multiple media are reporting
worries regarding the upcoming 2024 fire season, with drought conditions persisting from
abnormally dry to extremely dry on a large portion of the NWT, and multiple communities
surrounded by overstocked forests.

Many of the communities impacted by the 2023’s wildfires depend on nearby lakes, reservoirs,
and rivers for their water supply, their food security, and their economic activities. Many of these
water bodies saw a significant part of their watersheds burn, thereby raising multiple water
security concerns, such as water pollution hazards and the possibility of aquatic ecosystem
degradation.

This document offers a list of key references on various topics of concern listed by the
Government of the Northwest Territories. The first section provides multiple important references
that are often general in scope (i.e., they cover multiple post-fire aspects of watershed ecology)
and global or regional in scale. Section 1 provides an overview of fire effects on vegetation,
sections 2 to 5 focus on providing context and references regarding abiotic changes to
watershed ecosystems post-fire, whereas section 6 focuses on biotic changes (i.e., the food
web). Finally, section 7 focuses on risks to water supply—drinking water in particular—when
source catchments are impacted by wildfires. While treated separately, the elements discussed
in different sections will combine together in the post-fire environment to create water security
concerns.

Note that the effects of wildfires on watershed ecology in the Northwest Territories have started
to receive attention recently. As much as possible, the references listed thereafter describe
studies that were conducted in ecosystems broadly similar to those found in the Territories (e.g.,
the boreal forest) but elsewhere in Canada or in the world, and whose results may nonetheless
provide important insights for managing watersheds and water supplies impacted by wildfires in
the NWT.
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1) Large-scope references
The past two decades have seen a significant increase in the number of publications on wildfire
effects on watershed ecology and water resources worldwide, with a net acceleration these past
ten years. This acceleration seems related to the growing interest in ecosystem services coming
from forests combined with increased occurrences of extreme wildfire events—events partly
fueled by climate change—and a better acknowledgment of their widespread effects on
watersheds and freshwater environments. The growing number of research studies has
naturally led to the release of several literature reviews, commentaries, and conceptual papers.

Multiple comprehensive reviews and technical reports have been published; they usually cover
all the aspects of watershed ecology that can be impacted by a fire and, increasingly, explain
how those impacts can lead to post-fire hazards that have the potential to harm downstream
social, economic, and environmental values. Neary et al. 2005, Smith et al. 2011, and Bladon et
al. 2014 are often cited. The latter review displayed a figure that conveys very well the current
understanding of wildfire effects on watershed ecosystems and their services (figure 1).

Figure 1: Water supply pressures, state, and impact due to wildfire, including potential responses to
mitigate the impacts in the future (Bladon et al. 2014).

Several commentaries and conceptual papers have also stressed water security risks from
wildfires. Simply put, water security refers to the capacity of an individual or a society to safely
access sufficient quantities of clean water to meet their daily needs. Understanding where
wildfire fits within the water security paradigm has led to multiple recent commentaries that
essentially invite society as a whole to consider changing fire regimes as a serious threat to
social and economic stability. The papers by Martin 2016, Murphy et al. 2018, Robinne et al.
2021, and Belongia et al. 2023 offer important perspectives on this issue.

As mentioned above, exploring wildfire through the lens of risks to ecosystem services has
gained traction. The concept of ecosystem services indeed provides a useful connector
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between wildfires and water security issues. Ecosystem services are those contributions from
nature that benefit human wellbeing; the concept of watershed or hydrological services
specifically refers to those ecosystem services coming from watersheds, perhaps most
importantly drinking water supply and flood control. The 2016 review by Thom and Seidl is
noteworthy and offers a strong introduction to the topic, even if not only limited to freshwater; it
was followed by several similar reviews that have all helped build a strong case for the study of
wildfire risks to ecosystem services. The term “ecosystem services” is now regularly used in
wildfire studies, with a recent increase in the number of studies specifically focusing on
quantifying wildfire risks to various types of ecosystem services. Generally speaking, large and
severe wildfires have the greatest negative impact on watershed ecosystems and their services,
while prescribed fires offer an interesting tool to protect or even enhance watershed ecosystem
services.

The number of large-scope references with a strong focus on Canada remains limited. In 2000,
Carignan et al. published “Impacts of Major Watershed Perturbations on Aquatic Ecosystems”,
and in 2002 Pinel-Alloul et al. published “Watershed Impacts of Logging and Wildfire: Case
Studies in Canada”; the latter is a review based on multiple publications that came out of
several Canadian projects focused on the effect of forest disturbances on boreal and shield lake
ecosystems. More Canadian publications related to wildfires and watersheds appeared after
2010, and two reviews were published in 2020, one by Robinne et al. with a general approach
on wildfires and watershed services, and the other by Holloway et al. dealing more generally
with the effects of fire on permafrost, including changes to runoff and water quality.

Comprehensive reviews and reports
Carignan, Richard, and Robert J. Steedman. 2000. “Impacts of Major Watershed Perturbations
on Aquatic Ecosystems.” Canadian Journal of Fisheries and Aquatic Sciences. Journal
Canadien Des Sciences Halieutiques et Aquatiques 57 (S2): 1–4.

Emelko, Monica, and Chi Ho Sham. 2014. “Wildfire Impacts on Water Supplies and the Potential
for Mitigation: Workshop Report.” 4529. Water Research Foundation.

Kelly, Luke T., Michael-Shawn Fletcher, Imma Oliveras Menor, Adam F. A. Pellegrini, Ella S.
Plumanns-Pouton, Pere Pons, Grant J. Williamson, and David M. J. S. Bowman. 2023.
“Understanding Fire Regimes for a Better Anthropocene.” Annual Review of Environment and
Resources, October. https://doi.org/10.1146/annurev-environ-120220-055357.

Pinel-Alloul, Bernadette, Ellie Prepas, Dolors Planas, Robert Steedman, and Théo Charette.
2002. “Watershed Impacts of Logging and Wildfire: Case Studies in Canada.” Lake and
Reservoir Management 18 (4): 307–18.

Holloway, Jean E., Antoni G. Lewkowicz, Thomas A. Douglas, Xiaoying Li, Merritt R. Turetsky,
Jennifer L. Baltzer, and Huijun Jin. 2020. “Impact of Wildfire on Permafrost Landscapes: A
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Review of Recent Advances and Future Prospects.” Permafrost and Periglacial Processes 31
(3): 371–82.

UNEP. 2022. “Spreading like Wildfire: The Rising Threat of Extraordinary Landscape Fires-A
Rapid Response Assessment.” United Nations Environment Programme.
https://pubs.er.usgs.gov/publication/70243263.

Wibbenmeyer, Matthew, Matthew R. Sloggy, and José J. Sánchez. n.d. “Economic Analysis of
Wildfire Impacts to Water Quality: A Review.” Journal of Forestry. Accessed May 26, 2023.
https://doi.org/10.1093/jofore/fvad012.

Forests, fires, and watershed services
Grosbois, Guillaume, Danny Chun Pong Lau, Martin Berggren, Miguel Montoro Girona, Willem
Goedkoop, Christian Messier, Joakim Hjältén, and Paul del Giorgio. 2023. “Land and
Freshwater Complex Interactions in Boreal Forests: A Neglected Topic in Forest Management.”
In Boreal Forests in the Face of Climate Change: Sustainable Management, edited by Miguel
Montoro Girona, Hubert Morin, Sylvie Gauthier, and Yves Bergeron, 719–45. Cham: Springer
International Publishing.

Harper, Ashleigh R., Stefan H. Doerr, Cristina Santin, Cynthia A. Froyd, and Paul Sinnadurai.
2018. “Prescribed Fire and Its Impacts on Ecosystem Services in the UK.” The Science of the
Total Environment 624 (May): 691–703.

Neary, Daniel G., Kevin C. Ryan, and Leonard F. DeBano. 2005. Wildland Fire in Ecosystems:
Effects of Fire on Soils and Water.

Neary, Daniel G., George G. Ice, and C. Rhett Jackson. 2009. “Linkages between Forest Soils
and Water Quality and Quantity.” Forest Ecology and Management 258 (10): 2269–81.

Pereira, Paulo, Igor Bogunovic, Wenwu Zhao, and Damia Barcelo. 2021. “Short-Term Effect of
Wildfires and Prescribed Fires on Ecosystem Services.” Current Opinion in Environmental
Science & Health 22 (August): 100266.

Qiu, Ming, Xiaohua Wei, Yiping Hou, Sheena A. Spencer, and Jinyu Hui. 2023. “Forest Cover,
Landscape Patterns, and Water Quality: A Meta-Analysis.” Landscape Ecology 38 (4): 877–901.

Robinne, François-Nicolas, Dennis W. Hallema, Kevin D. Bladon, and James M. Buttle. 2020.
“Wildfire Impacts on Hydrologic Ecosystem Services in North American High-Latitude Forests: A
Scoping Review.” Journal of Hydrology 581 (February): 124360.

Roces-Díaz, Jose V., Cristina Santín, Jordi Martínez-Vilalta, and Stefan H. Doerr. 2021. “A
Global Synthesis of Fire Effects on Ecosystem Services of Forests and Woodlands.” Frontiers in
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Ecology and the Environment.
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1002/fee.2349.

Smith, Hugh G., Gary J. Sheridan, Patrick N. J. Lane, Petter Nyman, and Shane Haydon. 2011.
“Wildfire Effects on Water Quality in Forest Catchments: A Review with Implications for Water
Supply.” Journal of Hydrology 396 (1): 170–92.

Thom, Dominik, and Rupert Seidl. 2016. “Natural Disturbance Impacts on Ecosystem Services
and Biodiversity in Temperate and Boreal Forests.” Biological Reviews of the Cambridge
Philosophical Society 91 (3): 760–81.

Vukomanovic, Jelena, and Toddi Steelman. 2019. “A Systematic Review of Relationships
Between Mountain Wildfire and Ecosystem Services.” Landscape Ecology 34 (5): 1179–94.

Fires and water security
Belongia, Megan F., Courtney Hammond Wagner, Kimberly Quesnel Seipp, and Newsha K.
Ajami. 2023. “Building Water Resilience in the Face of Cascading Wildfire Risks.” Science
Advances 9 (37): eadf9534.

Hallema, Dennis W., François-Nicolas Robinne, and Kevin D. Bladon. 2018. “Reframing the
Challenge of Global Wildfire Threats to Water Supplies.” Earth’s Future 6 (6): 772–76.

Martin, Deborah A. 2016. “At the Nexus of Fire, Water and Society.” Philosophical Transactions
of the Royal Society of London. Series B, Biological Sciences 371 (1696).
https://doi.org/10.1098/rstb.2015.0172.

Murphy, Brendan P., Larissa L. Yocom, and Patrick Belmont. 2018. “Beyond the 1984
Perspective: Narrow Focus on Modern Wildfire Trends Underestimates Future Risks to Water
Security.” Earth’s Future 6 (11): 1492–97.

Kinoshita, Alicia M., Anne Chin, Gregory L. Simon, Christy Briles, Terri S. Hogue, Alison P.
O’Dowd, Andrea K. Gerlak, and Alejandra Uribe Albornoz. 2016. “Wildfire, Water, and Society:
Toward Integrative Research in the ‘Anthropocene.’” Anthropocene 16 (December): 16–27.

Robinne, François-Nicolas, Dennis W. Hallema, Kevin D. Bladon, Mike D. Flannigan, Gabrielle
Boisramé, Christian M. Bréthaut, Stefan H. Doerr, et al. 2021. “Scientists’ Warning on Extreme
Wildfire Risks to Water Supply.” Hydrological Processes 35 (5): e14086.
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2) Fire effects on vegetation

Summary on the state of research
The first obvious effect of fire on a forested watershed is on the vegetation cover. Depending on
the fire regime of the vegetation (the fuel) covering the watershed of interest, geographic
features (e.g., geology, hydrology), as well pre-existing watershed disturbances (e.g., forestry,
pest infestation), fire effects on vegetation and its recovery within and among burnt sites may
vary greatly. These variations have, over millennia, created a mosaic of uneven-aged forest
patches across the boreal. As the saying goes, “pyrodiversity begets biodiversity”, and the
boreal forest ecosystems of Canada are very much fire-prone and fire-adapted (i.e., pyrophilic),
to a point where scientists refer to co-evolution to describe this interdependence of vegetation
and fire in the boreal forest.

The fire regime concept describes the historical pattern of fire—both temporal and spatial—in a
given area. While all fire regime parameters, such as fire season and area burned, may
influence vegetation patterns, it is fire intensity and its corollary, fire severity, that have the most
evident direct ecological effects, thereby greatly influencing post-fire regeneration trajectories.
Low intensity fires are running fire with small flame length and very shallow depth of burn,
resulting in low severity with ecological effect limited to clearing the undergrowth, without or with
only superficial damages to trees. Moderate intensity fires lead to mixed severity burns with
clearing of the undergrowth with a mix of scorched and dead trees. High intensity fires are
crown fires; those have the highest severity, with virtually all trees dead, no vegetation left, and
a high depth of burn. These fires are stand-replacing, meaning that a forest stand will restart
from an early seral stage of the ecological succession. Again, these three types of fires and their
resulting severity usually happen all at once within the same fire perimeter; furthermore, many
islands of unburned vegetation—called fire refugia—remain (figure 2).
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Figure 2: Illustrating the landscape mosaic resulting from variable burn severity within a fire perimeter.
The differenced Normalized Burned Ratio (dNBR) for a burn scar from fires in 2015 within ABoVE grid tile
Bh05Bv03. A higher dNBR indicates a higher fire severity. From
https://daac-news.ornl.gov/content/wildfire-burn-severity-across-alaska-and-canada

Knowledge of post-fire vegetation recovery in boreal environments is rather well known.
Vegetation in Canada will recover from fire through two essential processes: seeding and
suckering, with vegetation well reestablished within 15 years post-fire. Conifer forests tend to
experience higher intensity and thus higher severity compared to other vegetation types; even
lower fire intensity may be damaging to species like Black Spruce, but the functional adaptation
to fire through serotiny—the release of seeds from the cone when exposed to heat—have made
such species prolific post-fire colonizers. Aspen, a deciduous species characteristic of the
boreal mixedwood forest, is also a prolific post-fire colonizer, mostly through vegetative
suckering (i.e., asexual reproduction), although seed colonization can happen in areas
displaying high fire severity. While the boreal forest may be seen as a low biodiversity biome,
the diversity of post-fire ecosystem trajectories is high; while post-fire recovery mechanisms are
well known, predicting future vegetation is not trivial and depends on many factors such as
pre-fire vegetation type, structure, and health, fire severity, proximity to fire refugia, post-fire
climatic conditions, and local landscape features.
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This complexity is being made even greater with ongoing climate change coupled to
anthropogenic disturbances—anything from fire exclusion to O&G exploration. Those are
indeed disrupting fire regimes and post-fire regeneration patterns, and vegetation shifts have
been observed across the country, including in the NWT. Scientists are now increasingly
referring to regeneration failure, and wildfires might very well make these changes happen more
rapidly, with a general shift towards more deciduous forests and more open stands. Drier forests
will lead to more severe fires happening more often, thereby hindering tree maturation and the
production of a new see bank; when coupled with a drier post-fire environment, vegetation may
not be able to establish, and soil will remain exposed to erosion. Intense fires happening earlier
in the season or at higher elevations might also alter vegetation composition in burned stands.
Our understanding of the meaning of these changes to long term watershed functioning remains
limited.

The past decades have shown the tremendous benefits of remote sensing for the monitoring of
fire severity, as well post-fire trajectories and recovery trends in changing environmental
conditions. The development of remote-sensing capabilities, especially through artificial
intelligence, is revolutionizing our capacity to map and track wildfire effects on the boreal
landscape. Multiple datasets, frameworks, and algorithms now exist to study this biome.

Reviews and commentaries
Bartels, Samuel F., Han Y. H. Chen, Michael A. Wulder, and Joanne C. White. 2016. “Trends in
Post-Disturbance Recovery Rates of Canada’s Forests Following Wildfire and Harvest.” Forest
Ecology and Management 361 (February): 194–207.

Brandt, J. P., M. D. Flannigan, D. G. Maynard, I. D. Thompson, and W. J. A. Volney. 2013. “An
Introduction to Canada’s Boreal Zone: Ecosystem Processes, Health, Sustainability, and
Environmental Issues.” Environmental Review 21 (4): 207–26.

Girardin, Martin P., Adam A. Ali, and Christelle Hély. 2010. “Wildfires in Boreal Ecosystems:
Past, Present and Some Emerging Trends.” International Journal of Wildland Fire 19 (8):
991–95.

Greene, D. F., J. C. Zasada, L. Sirois, D. Kneeshaw, H. Morin, I. Charron, and M-J Simard.
1999. “A Review of the Regeneration Dynamics of North American Boreal Forest Tree
species1.” Canadian Journal of Forest Research. Journal Canadien de La Recherche Forestière
29: 824–39.

Keeley, J. E. 2009. “Fire Intensity, Fire Severity and Burn Severity: A Brief Review and
Suggested Usage.” International Journal of Wildland Fire.
https://www.publish.csiro.au/wf/wf07049.
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McGee, Tara, Bonita McFarlane, and Cordy Tymstra. 2015. “Chapter 3 - Wildfire: A Canadian
Perspective.” In Wildfire Hazards, Risks and Disasters, edited by John F. Shroder and Douglas
Paton, 35–58. Oxford: Elsevier.

Nesbit, Kristin A., Larissa L. Yocom, Allison M. Trudgeon, R. Justin DeRose, and Paul C.
Rogers. 2023. “Tamm Review: Quaking Aspen’s Influence on Fire Occurrence, Behavior, and
Severity.” Forest Ecology and Management 531 (March): 120752.

Stralberg, Diana, Dominique Arseneault, Jennifer L. Baltzer, Quinn E. Barber, Erin M. Bayne,
Yan Boulanger, Carissa D. Brown, et al. 2020. “Climate‐change Refugia in Boreal North
America: What, Where, and for How Long?” Frontiers in Ecology and the Environment 18 (5):
261–70.

Fire regime, regeneration, and refugia
Alfaro-Sánchez, Raquel, Jill F. Johnstone, and Jennifer L. Baltzer. 2024. “Low-Severity Fires in
the Boreal Region: Reproductive Implications for Black Spruce Stands in between
Stand-Replacing Fire Events.” Annals of Botany, April. https://doi.org/10.1093/aob/mcae055.

Baltzer, Jennifer L., Nicola J. Day, Xanthe J. Walker, David Greene, Michelle C. Mack, Heather
D. Alexander, Dominique Arseneault, et al. 2021. “Increasing Fire and the Decline of Fire
Adapted Black Spruce in the Boreal Forest.” Proceedings of the National Academy of Sciences
of the United States of America 118 (45). https://doi.org/10.1073/pnas.2024872118.

Dawe, Denyse A., Marc-André Parisien, Angeline Van Dongen, and Ellen Whitman. 2022. “Initial
Succession after Wildfire in Dry Boreal Forests of Northwestern North America.” Plant Ecology
223 (7): 789–809.

Ferster, Colin J., Bianca N. I. Eskelson, David W. Andison, and Valerie M. LeMay. 2016.
“Vegetation Mortality within Natural Wildfire Events in the Western Canadian Boreal Forest:
What Burns and Why?” Forests, Trees and Livelihoods 7 (9): 187.

Greene, David F., S. Ellen Macdonald, Sybille Haeussler, Susy Domenicano, Josée Noël,
Karelle Jayen, Isabelle Charron, et al. 2007. “The Reduction of Organic-Layer Depth by Wildfire
in the North American Boreal Forest and Its Effect on Tree Recruitment by Seed.” Canadian
Journal of Forest Research. Journal Canadien de La Recherche Forestiere 37 (6): 1012–23.

Jean, Stephanie A., Bradley D. Pinno, and Scott E. Nielsen. 2020. “Early Regeneration
Dynamics of Pure Black Spruce and Aspen Forests after Wildfire in Boreal Alberta, Canada.”
Forests, Trees and Livelihoods 11 (3): 333.

Jorgensen, Alexis Gardiner, Raquel Alfaro-Sánchez, Steven G. Cumming, Alison L. White,
Geneviève Éliane Degré-Timmons, Nicola Day, Merritt Turetsky, Jill F. Johnstone, Xanthe J.
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Walker, and Jennifer L. Baltzer. 2023. “The Influence of Postfire Recovery and Environmental
Conditions on Boreal Vegetation.” Ecosphere 14 (7). https://doi.org/10.1002/ecs2.4605.

Krawchuk, Meg A., Sandra L. Haire, Jonathan Coop, Marc-André Parisien, Ellen Whitman,
Geneva Chong, and Carol Miller. 2016. “Topographic and Fire Weather Controls of Fire Refugia
in Forested Ecosystems of Northwestern North America.” Ecosphere 7 (12): e01632.

Stralberg, Diana, Xianli Wang, Marc-André Parisien, François-Nicolas Robinne, Péter Sólymos,
C. Lisa Mahon, Scott E. Nielsen, and Erin M. Bayne. 2018. “Wildfire-Mediated Vegetation
Change in Boreal Forests of Alberta, Canada.” Ecosphere 9 (3): e02156.

Whitman, Ellen, Marc-André Parisien, Dan K. Thompson, and Mike D. Flannigan. 2019.
“Short-Interval Wildfire and Drought Overwhelm Boreal Forest Resilience.” Scientific Reports 9
(1): 18796.

Whitman, Ellen, Marc-André Parisien, Dan K. Thompson, Ronald J. Hall, Robert S. Skakun, and
Mike D. Flannigan. 2018. “Variability and Drivers of Burn Severity in the Northwestern Canadian
Boreal Forest.” Ecosphere 9 (2): e02128.

Remote sensing
Bright, Benjamin C., Andrew T. Hudak, Robert E. Kennedy, Justin D. Braaten, and Azad
Henareh Khalyani. 2019. “Examining Post-Fire Vegetation Recovery with Landsat Time Series
Analysis in Three Western North American Forest Types.” Fire Ecology 15 (1): 8.

Burton, Philip J., Marc-André Parisien, Jeffrey A. Hicke, Ronald J. Hall, and Jason T. Freeburn.
2008. “Large Fires as Agents of Ecological Diversity in the North American Boreal Forest.”
International Journal of Wildland Fire 17 (6): 754–67.

Frazier, Ryan J., Nicholas C. Coops, Michael A. Wulder, Txomin Hermosilla, and Joanne C.
White. 2018. “Analyzing Spatial and Temporal Variability in Short-Term Rates of Post-Fire
Vegetation Return from Landsat Time Series.” Remote Sensing of Environment 205 (February):
32–45.

White, Joanne C., Txomin Hermosilla, Michael A. Wulder, and Nicholas C. Coops. 2022.
“Mapping, Validating, and Interpreting Spatio-Temporal Trends in Post-Disturbance Forest
Recovery.” Remote Sensing of Environment 271 (March): 112904.

Yang, Jia, Shufen Pan, Shree Dangal, Bowen Zhang, Siyuan Wang, and Hanqin Tian. 2017.
“Continental-Scale Quantification of Post-Fire Vegetation Greenness Recovery in Temperate
and Boreal North America.” Remote Sensing of Environment 199 (September): 277–90.
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Environmental change
Aubin, I., A. D. Munson, F. Cardou, P. J. Burton, N. Isabel, J. H. Pedlar, A. Paquette, et al. 2016.
“Traits to Stay, Traits to Move: A Review of Functional Traits to Assess Sensitivity and Adaptive
Capacity of Temperate and Boreal Trees to Climate Change.” Environmental Review 24 (2):
164–86.

Barber, Quinn E., Christopher W. Bater, Anna Dabros, Jaime Pinzon, Scott E. Nielsen, and
Marc-André Parisien. 2021. “Persistent Impact of Conventional Seismic Lines on Boreal
Vegetation Structure Following Wildfire.” Canadian Journal of Forest Research. Journal
Canadien de La Recherche Forestiere 51 (11): 1581–94.

Brookes, Wesley, Lori D. Daniels, Kelsey Copes-Gerbitz, Jennifer N. Baron, and Allan L. Carroll.
2021. “A Disrupted Historical Fire Regime in Central British Columbia.” Frontiers in Ecology and
Evolution 9 (June). https://doi.org/10.3389/fevo.2021.676961.

Hanes, Chelene C., Xianli Wang, Piyush Jain, Marc-André Parisien, John M. Little, and Mike D.
Flannigan. 2019. “Fire-Regime Changes in Canada over the Last Half Century.” Canadian
Journal of Forest Research. Journal Canadien de La Recherche Forestiere 49 (3): 256–69.

Pellegrini, Adam F. A., Tyler Refsland, Colin Averill, César Terrer, A. Carla Staver, Dale G.
Brockway, Anthony Caprio, et al. 2021. “Decadal Changes in Fire Frequencies Shift Tree
Communities and Functional Traits.” Nature Ecology & Evolution 5 (4): 504–12.

Robinne, François-Nicolas, Marc-André Parisien, and Mike Flannigan. 2016. “Anthropogenic
Influence on Wildfire Activity in Alberta, Canada.” International Journal of Wildland Fire 25 (11):
1131–43.

Wilkinson, S. L., P. A. Moore, M. D. Flannigan, B. M. Wotton, and J. M. Waddington. 2018. “Did
Enhanced Afforestation Cause High Severity Peat Burn in the Fort McMurray Horse River
Wildfire?” Environmental Research Letters: ERL [Web Site] 13 (1): 014018.

3) Post-fire hydrology

Summary on the state of research
Forests act as sponges: trees intercept water from precipitation, store it in their canopy and
soils, and water is then redistributed downstream through various surface, sub-surface and
groundwater flows. This sponge effect has a direct impact on the functioning of a watershed,
first and foremost because it stabilizes high and low flows. There are obviously regional
variations in this storage capacity, but there is consensus that forests are an essential
component of water security. There is also an increased acknowledgement of the role of
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disturbances, such as fire, to avoid forest overgrowth to a point where competition for water
limits downstream supply.

Large and severe fires can significantly alter this storage capacity by removing vegetation and
organic topsoils. Water infiltration capacity might be severely limited by the lack of interception
from vegetation, by the change in soil bulk density decreasing soil porosity, by the existence of a
thick ash layer clogging soil pores, and by the creation or strengthening of a hydrophobic (or
water-repellent) layer (figure 3). The decrease in interception and in soil infiltration can lead to a
substantial increase in net precipitation and thus in runoff and finally in peakflow. Such an effect
will usually be more pronounced in small, steep watersheds where changes to water
concentration time can lead to flashy behavior and floods.

Figure 3: Fire hydrology data viz story, USGS Water Resources Mission Area, 2020
(https://www.usgs.gov/media/images/fire-hydrology-data-viz-story-carousel)

While burned watersheds often tend to display general increases in water yield, the general
behavior described above will be mediated by three important factors: the watershed area
burned, the severity of the fire, and the occurrence of post-fire precipitation. It is common to use
a 20% rule of thumb for watershed area burned, several papers having shown that this is a
common threshold after which hydrological effects start to appear. Several recent papers have
challenged this rule by showing that effects can appear with 10% of the watershed burned,
whereas it can take more than 30% watershed area burned to see effects. Differences in
watershed specificities (size, steepness, wetland cover, underlying permafrost) and fire severity
patterns certainly play an important role in post-fire hydrological behavior, but post-fire
precipitation seems to have an overarching role. It is indeed possible for post-fire hydrological
response to be null or negative if no significant precipitation happens.
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If annual water yield often shows a general increase in burnt watersheds, a fire might also lead
to a decrease in low flows during the dry season, as vegetation regrows and water demand from
saplings is high. This is a phenomenon that has been documented in Australia for decades and
that has only started to be studied in detail in North America. In regions underlain by permafrost,
wildfire might lead to deep thaw, allowing water to infiltrate deeper underground, with the effect
of lowering baseflow.

Finally, the timing of flow will also be altered by fire. This is particularly obvious in watersheds
where snow represents an important part of the annual streamflow. While snow might
accumulate in deeper layers in burned areas, it will also melt earlier in Spring and at a faster
rate, thereby displacing the timing of the Spring freshet and of the dry season low flows, which
both can have important effects on aquatic ecology and water supply.

The effects described above can last anywhere from a few weeks or months for hydrophobicity
to years or even decades in the case of low and peak flows.
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4) Post-fire geomorphology

Summary on the state of research
Forests act like a shield, in the sense that they protect soils from erosion by intercepting
precipitation, thus dissipating energy and limiting physical weathering due to raindrop impact
and runoff velocity. Forest soils rich in organic matter also present a structure more resistant to
erosion, and trees’ root systems contribute to this resistance by holding soils together.

Parallel to hydrological changes, large and severe wildfires alter watershed erosion patterns and
rates (figure 4). As runoff increases in volume and velocity, hillslope erosion processes become
more powerful, and rills and gullies might rapidly form during precipitation. Both post-fire
hydrological and erosional processes may combine to generate various types of intense
phenomena such as gullies, debris flows, and landslides, in particular when the fire is quickly
followed by intense rainstorm. Such phenomena can cause significant damages to
(infra)structures and threaten life (figure 4).
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Figure 4: Photos of damage from major postfire debris flows during the last two decades in southern
California: (a) December 25, 2003, Devore, San Bernardino County (Old/Grand Prix fires); (b) February 6,
2010, La Cañada‐Flintridge, Los Angeles County (2009 Station fire); (c) and (d) January 9, 2018,
Montecito, Santa Barbara County (2017 Thomas fire). Photo credits: USGS.

Sediments, rocks, and logs from hillslopes will eventually reach the river system. River banks might
become unstable, especially if riparian vegetation was burnt, adding to eroded material from
hillslopes. Furthermore, stormflow might increase erosion within the riverbed. All these effects
combine to modify river morphology, possibly for decades. These changes will modify the river’s
sediment transport capacity, flood regime, and aquatic habitats. While these changes are often
natural and may be seen as necessary for river health, their occurrence in watersheds used for
drinking water supply or river hosting sensitive aquatic species may not be desirable.

Post-fire changes to erosion dynamics and the hazards they represent might last for several years,
although with decreasing intensity as vegetation regrows and debris stored in the river system
stabilizes. That said, intense rainstorms over the burned watershed might still produce excess
sediments and debris as stabilized in-channel material gets remobilized by storm flows. In southern
British Columbia, landslides were observed 25 years after the fire, a delay likely due to the time
needed for the root system to fully degrade.
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5) Post-fire water quality

Summary on the state of research
Forests act as natural water filters, with forest soils retaining many of the natural and
human-made chemicals present in the atmosphere, in the soil, and in living organisms; many of
them like carbon, phosphorus, and nitrogen are essential building blocks for life. Forests also
help regulate watershed air temperature and water storage, which have a direct influence on the
stability of freshwater temperature. Good water quality promotes healthy aquatic ecosystems,
recreational uses, and facilitates the drinking water treatment process, making it cheaper.

Accelerated hydrological and erosional processes post-fire will often combine to degrade water
quality (figure 5), especially in the event of rainstorms soon following the fire. Excess ash and
sediments can lead to excess water turbidity, while the increased amount of direct sunlight
reaching the ground will increase water temperature; in combination, these will enhance
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biological activity and reduce dissolved oxygen levels, which can compromise the survival of
aquatic life.

Figure 5: Wildfire impacts on water quality - Union of Concerned Scientists 2022.

Nutrient concentration for nitrogen and phosphorus typically increases after a fire, further
leading to decrease in water quality. Nitrogen and phosphorus are limiting nutrients, meaning
that they are generally found in low concentration in ecosystems, thereby limiting biological
activity and biomass growth. After a fire, ash and sediments will contribute to increases in both
nutrients, leading to water enrichment; smoke deposition on water bodies will also contribute
nitrogen. Combined to the increase in water temperature, water enrichment will often lead to
strong increases in phytoplankton, periphyton, and algae. This sudden increase in primary
production has created concerns around the possible development of harmful algal bloom and
eutrophication, which can be detrimental to human health and wildlife; while toxic cyanobacteria
have been observed in waterways downstream of burned areas, and while post-fire algal bloom
sightings have been reported, it remains unclear how much of a risk harmful algal blooms
represent by lack of dedicated studies in freshwater environments (post-fire algal blooms have
been observed in the ocean).

Carbon concentration—in the form of dissolved organic carbon (DOC)—will also often increase
post-fire. High DOC concentration turns water dark brown (often compared to the color of a
strong tea) and limits light entering the water column, which can counteract the effect of
enrichment mentioned above. Higher DOC concentrations are a typical response in waterways
surrounded by burned peatlands. While high DOC concentration does not represent a hazard, it
might make water less attractive for recreational purposes, or make people worry that water is
polluted. While these concerns cannot be discarded, the real hazard coming from DOC happens
during the water treatment process, when DOC reacts with chlorine to create carcinogenic
disinfection byproducts (see section 7).

There has been increased attention in wildfire-caused water pollution from human-made
(infra)structures. High levels of arsenic and selenium—toxic heavy metals—have been observed
downstream of legacy mining sites and former industrial sites caught in wildfires. Wildland-urban
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interface fires lead to the combustion of material such as plastic, metal, detergents, treated
wood, etc… that can generate toxic compounds such as Polycyclic Aromatic Hydrocarbons
(PAH) and Volatile Organic Compounds (VOC) that can find their way to water through storm
runoff or smoke deposition. Forests may also contain important concentrations of toxicants such
as mercury or polychlorinated biphenyls (PCB) from human activities and industrial emissions,
toxicants that can be remobilized by a fire and be eroded or deposited onto water bodies.
Mercury is of particular concern, especially its bioaccessible form, methylmercury, that can
bioaccumulate and biomagnify to levels making fish dangerous to human consumption.

Finally, firefighting can be a source of water pollution, mostly related to the use of retardant
foam. Retardant foam can essentially be seen as a fertilizer: it contains high levels of
phosphate, ammonia, and sulfate. While it seems that no specific regulation exists regarding the
use of retardants near waterways in Canada, foam directly entering water will most likely
happen by accident. In such cases, first-hand observers have reported near-immediate fish kills
and water pollution several days after the facts. The state of the science regarding the danger of
retardant foam with respect to water pollution points to a very low level of concern, especially
when considered relatively to the other sources of pollution coming from a large fire. Some foam
also contains per- and polyfluorinated substances (PFAS, also called forever chemicals) that
can create a suite of health issues for aquatic life and be complex to treat for drinking water
purposes, although those don’t seem to be used for wildland firefighting in Canada.

The duration of the effects described above can be limited to a few days for retardant foam in
water to several years. Higher nutrient concentrations and excess sediments have been
reported 15 years post-fire, reports that seem driven by the occurrence of heavy upstream
precipitation and delays in vegetation recovery.
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6) Post-fire aquatic ecology

Summary on the state of research
Forested watersheds are often associated with thriving aquatic ecosystems. Many iconic fishes,
like salmonids, thrive in forested streams and lakes. While the aquatic ecosystems of Canada
are likely resilient to wildfire activity, it remains important to understand the effects of fire activity
on aquatic food webs, especially as widespread watershed degradation and climate change are
leading to changes in fire regimes.

Figure 6: A generalized temporal sequence of selected events in response of aquatic ecosystems to fire
(Gresswell 1999)
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The effects of wildfires on aquatic ecosystems can vary tremendously, and it is difficult to
generalize. While wildfires might have an immediate detrimental effect on many components of
an aquatic ecosystem, long-term effects (over a decade or more) can be neutral or even seen
as beneficial (figure 6). It seems that primary production is the main beneficiary from post-fire
inputs such as nutrients and sediments; increases in chlorophyll-a from phytoplankton biomass
is a common sign of water enrichment post fire. However, this enrichment can mean various
things for different levels of the trophic chain, and whether it happens within a lake or a river.
The literature shows that there will be winners and losers depending on the level of
specialization of some species and their capacity to endure post-fire changes to water quality,
streamflow, and flow timing.

Salmonids have received a significant amount of attention. While post-fire fish kills have been
documented—excess sediments and ash can clog fish gills, leading to suffocation—, such
events are likely limited to a short window of time after the fire when heavy rainfall triggers the
first “flush”. It has been shown that watersheds with well connected river and lake systems allow
for fish to find refuge after disturbance and to recolonize afterwards. Several studies have
reported enhanced aquatic habitat salmonids after a fire, and even the colonization of new
streams within the burned perimeter. Work done at the Southern Rockies Watershed Project in
Alberta reported increased trout growth in the years after the 2003 Lost Creek fire.

Other fishes studied in Canada such as Yellow Perch and White Sucker did not show significant
population changes in lakes affected by wildfires, although wildfire parameters (e.g., fire
severity, percent watershed burned) are admittedly not always well reported. A 2010 study done
in the NWT suggested that the rejuvenation of riparian vegetation burned in a fire was beneficial
to young Northern Pike.

Given the tremendous variations in aquatic ecosystem response to fire, the longevity of these
effects, when significant, will also vary in great levels. Several studies focusing on Canadian
lakes reported a limited effect for a few years only, while some other studies done in the US and
Canadian Rocky Mountains have reported noteworthy effects still detectable over 15 years after
the fire.
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7) Wildfire risks to potable water supply

Summary on the state of research
When source watersheds are burned by a large and severe fire, the changes to watershed
functioning described above combine and cascade downstream, creating risks to communities
depending on upstream water supply for food, recreation, and drinking water supply. The study
of wildfire risk to drinking water supply has gained a lot of attention these past 10 years. In
Canada, the 2016 Horse River fire in Fort McMurray and its aftermath created high levels of
concerns for water treatment and distribution capacities, and the municipality was put under a
three-month boil water advisory out of precaution. The recent Black Summer in eastern
Australia led to more than half of source catchment experiencing some level of burning.
Post-fire risks to potable water supply are now commonly mentioned in news reports, including
in Canada.

The first issue that water treatment and distribution structures will face is the possibility of
damages from excess erosion (hillslope scour and gullies) and debris flows (mud flows, woody
debris, or landslides). The amount of eroded material coming from burned areas can also
accumulate in reservoirs used for water supply, which can cause excess sedimentation.
Dredging reservoirs is costly: after the 2002 Hayman fire in Colorado, the city of Denver spent
nearly $30M USD in reservoir cleaning. In case of damages to the drinking water treatment
plant’s intakes, a locality might have to rely on existing clean water storage, which may be
limited to a few days only if there is no alternate water source.

The decrease in water quality entering the treatment plant usually leads to challenges to the
production of potable water (figure 7). Excess sediments and nutrients will strain the treatment
line, with higher production of by-products that will have to be cleaned and disposed of.
Changes to water quality can also vary rapidly and in great levels, making it harder to adjust the
dosage of elements such as alum, an essential element of the water treatment process. Some
toxicants, such as heavy metals, can be hard to remove. A particular concern comes from
higher DOC concentrations in source water: DOC reacts with chlorine—the most common
product used in conventional water treatment—to create disinfection by-products (or DBP), such
as trihalomethanes, that have been shown to be carcinogenic. Lower water quality means a
higher use of chemicals for water treatment, which also comes at a cost. Treated water going to
distribution will be safe, but the time, cost of production, and stress on operators will be higher.
There have been examples of plant shutdown when the water cannot be treated, as well as
cases where a treatment plant will have to be retrofitted or fully built to accommodate changes
to source water.
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Figure 7: Drinking water treatment challenges from wildfire-polluted water (Hohner et al. 2019).

There has been a recent focus on water pollution in the distribution system of wildland-urban
interfaces. While water getting out of the treatment plant is clean, existing pollution from fires in
the wildland-urban interface can contaminate pipes carrying water to homes. Depressurization
during a fire can suck in toxicants derived from plastic into the pipes, leading to high levels of
VOCs, which are carcinogenic. It is advised that tap water coming to residential areas be tested
for such toxicants, including water coming from private wells. The costs associated with such
type of pollution might reach several dozens of millions of US dollars, as per estimation done in
the USA after the 2017-2018 fire seasons.
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