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Untapped resources in wildfire-watershed
risk assessment

Awareness of wildfire risks to water security, or wild-
fire-watershed risks (WWR) for short, has been grow-
ing in Canada (Coogan et al. 2019; Pomeroy et al.
2019; Robinne et al. 2020). This comes from the real-
isation that watersheds are increasingly vulnerable to
compound stressors, including more seasonal vari-
ation in water availability (Ireson et al. 2015; Bonsal
et al. 2020), increased occurrence of droughts and
extreme precipitation events (Bush and Lemmen
2019), and a changing nature and exacerbating impact
of fire activity (Coops et al. 2018; Hanes et al. 2019).
Although water resource protection is a top priority
for wildfire management agencies across the country
(Tymstra et al. 2020), baseline information on the
vulnerability of source waters to wildfire remains lim-
ited despite the high potential for water supply dis-
ruption (Martin 2016; Hohner et al. 2019; Robinne
et al. 2021). As climatic and hydrologic extremes are
expected to grow in magnitude and frequency,
increasing the risk of water security issues, there is an
urgent need for greater access to baseline WWR
information. Improved access can facilitate develop-
ment of more targeted watershed management poli-
cies and strategies, especially for communities relying
on water originating from upstream forests, to protect
source water supply and security.

Data—spatial data, in particular—are at the core of
modern risk governance (Klinke and Renn 2012;
Neuvel, Scholten, and van den Brink 2012). Risk gov-
ernance relies on acquiring knowledge, which itself
relies on aggregated information derived from the col-
lection and synthesis of available data sources. As
such, data availability and openness of data are critical
to improved knowledge and informed decision-mak-
ing (Weichselgartner and Pigeon 2015; Mansson
2018; Mansson, Abrahamsson, and Tehler 2019).
With the term open data, we refer to datasets that are
Findable, Accessible, Interoperable, and Reusable, or
FAIR (Wilkinson et al. 2016). In this context, access
to open data is widely acknowledged as a prerequisite
to the production of scientifically sound information
to enable disaster risk reduction policies. Notably, the
Emergency Management Strategy for Canada (EMS),
which implements the United Nations Office for
Disaster Risk Reduction (UNDRR) recommendations
proposed in the Sendai Framework for Disaster Risk
Reduction (hereafter, Sendai Framework), strongly
promotes data openness to facilitate the production of
innovative risk knowledge (Weichselgartner and
Pigeon 2015; UNISDR 2015; Godsoe, Ladd, and Cox
2019; Public Safety Canada 2019).

In recent years, there has been substantial growth
in the heterogeneity of both spatial and non-spatial
open data provided by different levels of governments
in Canada. However, reports of data scarcity continue
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to emerge, both in the fields of water and wildfire sci-
ence (Garda, Castleden, and Conrad 2017; Mortsch,
Cohen, and Koshida 2015; Tymstra et al. 2020). For
decades, data scarcity and data fragmentation have
been viewed as obstacles to the development of a
national water strategy, contributing to the present
needs to protect water resources from wildfire
impacts (Bakker and Cook 2011; Sankey 2018;
Godsoe, Ladd, and Cox 2019; Mamuji and Rozdilsky
2019; Johnston et al. 2020). While we acknowledge
that more data are needed to increase our under-
standing of the variability in post-fire watershed
responses and to improve Canada’s national capacity
to mitigate the increasing risk to water supply from
wildfires, we also note that currently available data
resources remain largely unused in the development
of baseline information and hypotheses on WWR in
Canada (e.g., Robinne 2020; Robinne et al. 2019). In a
recent TED Talk, Sonaar Luthra, the CEO of Water
Canary, echoed this statement by saying: “[ ... ] when
we don’t use the data we have, we don’t encourage
investment in new technologies, we don’t encourage
more data collection, and we certainly don’t encour-
age investment in securing a water future” (Luthra
2019). In other words, a better understanding of data
gaps and needs will improve data collection efforts
towards the development of absolute indicators of
WWR that can supplant relative ones, which are com-
monly used for the production of risk information in
data-limited  settings (e.g, Thompson, Scott,
Langowski, et al. 2013; Robinne et al. 2019).

In this commentary, we provide a critical assess-
ment of Canadian capacity to produce nationally rele-
vant WWR baseline information using existing open
spatial data sources from federal, provincial, and terri-
torial governments (see Data availability section). In
line with the EMS objective to “improve understand-
ing of disaster risk” (Public Safety Canada 2019), we
review the mechanisms by which wildfire impacts
water security to highlight data needs. We also pro-
vide a series of maps resulting from the integration
and aggregation of the spatial datasets we found
according to the FAIR principles as examples of how
available data may be used to develop new approaches
to risk analysis. We then discuss avenues to improve
and leverage available spatial information to inform
the production of WWR baseline knowledge to help
identify research and governance priority areas.
Finally, we provide recommendations on how the
EMS can play a pivotal role in advancing WWR gov-
ernance to fulfil Canada’s demand for risk reduction

(McNie 2007; Henstra, Minano, and Thistlethwaite
2019; Public Safety Canada 2019).

General WWR data needs

WWR studies cover a broad range of topics, from
highly specific matters such as the physical interactions
between wildfire and hydrology within a small moun-
tain watershed, to general analyses of watershed vul-
nerability to wildfire over a whole country (Table 1)
(Martin 2016; Robinne et al. 2021). Although a diver-
sity in topics, scale, and scope calls for particular, con-
text-specific data (sections below), there are three
fundamental data requirements common to any WWR
analysis: terrain, soils, and precipitation. Ideally, these
basic data sources would have a national extent and a
high spatial resolution in order to capture variation in
wildfire-watershed processes across spatio-temporal
scales (Hallema et al. 2017).

Terrain data is used to derive hydro-geomorpho-
logic information such as river network length and
density, as well as other essential watershed character-
istics that influence water and sediment movement
(e.g., slope and aspect, incline of the river bed)
(Miller et al. 2016). In Canada, WWR analysts have
access the Canadian Digital Elevation Model, which is
being slowly replaced by the High Resolution Digital
Elevation Model derived from both LiDAR and high-
resolution satellite data. Data representing soils are
equally important, given that they control watershed
response to precipitation, hence runoff, erosion,
streamflow, and water quality—all processes that can
be heavily modified by wildfires (Shakesby and Doerr
2006; Neary, Ice, and Jackson 2009). The Government
of Canada provides the Soil Landscapes of Canada
and the Soil Texture by Ecodistrict, available at a
coarse scale nationally (Soil Landscapes of Canada
Working Group 2010; Canadian Soil Information
Service 2013) and as a high resolution product limited
to agricultural regions. The absence of a high-reso-
lution soils dataset for wildland areas represents one
of the main barriers to WWR research in Canada.
The final essential risk factor influencing post-fire
watershed response is precipitation: hardly any
changes to hydrology or water quality might be
detected in the absence of post-fire rain or snowfall;
on the contrary, small storms might have dispropor-
tionate hydrologic and water quality effects due to the
absence of soil cover (Murphy et al. 2015; Hallema
et al. 2018). Environment and Climate Change
Canada (ECCC) collects data from more than 1500
active weather stations, and holds an archive of more
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Table 1. Idealized data sources and opportunities towards advancing WWR research and management in Canada.

Data Relevance to WWR  National availability ~Limitations/challenges  Priority Suggested actions Stakeholder(s)
Forest ecosystem and wildfire regime data
Burn severity e Post-fire changes to Available Labour intensive High e Train and deploy e Provinces
vegetation cover, soil Need near-immediate teams to collect data e Federal
structure, access to satellite right after fire (see e Academia
hydraulic behaviour imagery over the fire BAER teams in
e Post-fire emergency for the USA)
modelling of flash emergency purposes e Use various remote-
floods and threats to sensing products to
water quality create near real-time
severity products
Fire perimeters e Post-fire changes to Available Possible delays in High e Train and deploy e Provinces
aboveground data availability for teams to collect e Federal
vegetation cover and accurate delineation satellite/aerial data e Private sector
watershed Non-comprehensive soon after fire for
functioning historical coverage emergency purposes
e Post-fire emergency before 1980
modelling of flash
floods and threats to
water quality
Fire probability e Pre-fire watershed  Inexistent Varying terminology High e Create and maintain e Provinces
hazard Computationally and an open high- e Federal
exposure assessment data intensive resolution dataset
e Location and High-skilled work e Provide pre-packaged
prioritization of at- watershed statistics
risk watersheds
e Evaluation of fire
hazard
reduction strategies
Forest attributes e Pre-fire watershed  Available Coarse spatial and ~ Medium e  Create and maintain e Provinces
functioning temporal resolution a high- e Federal
e Production of forest resolution dataset e Private sector
fuel grids for fire e Mix multi-sources e Academia
hazard models and multi-
e Post-fire changes to resolution datasets
aboveground
vegetation cover
and recovery
Soil attributes o Pre-fire watershed  Available Low spatial Top e Digitization of e Provinces
functioning and resolution that limits existing soil/surficial e Federal
baseline use in modelling geology map e Private sector
integrity assessment Important sources archives (GeoScan) e Academia
o Pre-fire risk not in a GlS-ready e Investments in
assessment and test format predictive
of risk (scanned maps) soil mapping
reduction strategies e Mix multi-sources
e Post-fire emergency and multi-
modelling of changes resolution datasets
in streamflow and
threats to
water quality
Watershed and freshwater data
Streamflow o Pre-fire watershed  Available Limited coverage in High e Extend and e Provinces
functioning and northern latitudes densify coverage e Federal
baseline and e Invest in modelling e Academia
integrity assessment remote watersheds in ungauged basins e NGOs
e Post-fire watershed
monitoring of
changes to annual,
peak and low flows
Water quality o Pre-fire watershed  Available Limited spatial and ~ Top e Extend and e Provinces
functioning and temporal coverage densify coverage e Federal
baseline Monitoring emphasis e Integrate non- e Academia
integrity assessment often on human governmental e (itizens
e Post-fire watershed settlements datasets e NGOs
monitoring of and activities
sediment yield,
nutrient loading and
heavy metals
Aquatic species e Pre-fire watershed  Limited Limited spatial and  Top e Extend and e Provinces
functioning and temporal coverage densify coverage e Federal
due to varying e Academia

(continued)
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Table 1. Continued.

Data Relevance to WWR  National availability ~Limitations/challenges  Priority Suggested actions Stakeholder(s)
baseline monitoring protocol e Standardize and Citizens
integrity assessment and capacity integrate non- e NGOs

e Post-fire watershed governmental e First Nations
monitoring of impact datasets
on aquatic
biodiversity, including
benthic invertebrates
and fish

Digital Elevation Model ¢  Pre-fire watershed  Available No hydrologically- ~ Medium e Increase e Provinces
conditions through corrected DEM spatial resolution e Federal
hydrographic analysis Varying e Propose e Academia

e Pre-fire erosion and spatial resolution hydrologically- e NGOs
water pollution risk Aging and corrected products
assessment and incomplete dataset e Propose high-
mitigation strategy confidence
e Post-fire emergency hydrographic dataset
modelling for
watershed
restoration guidance
Water resource e Pre-fire risk Available Regional variations in Low e Create and maintain e Provinces
planning assessment water management one reference e Federal
jurisdictions and mitigation and national dataset e Academia
e Post-fire watershed watershed planning e Harmonize watershed e  First Nations
monitoring and planning rules
restoration
responsibilities

Climate and weather data

Precipitation o Pre-fire watershed  Available Limited coverage by High e Extend and densify e Provinces
functioning, baseline weather stations in weather o Federal
integrity assessment, northern latitudes station coverage e Academia
and extreme Coarse spatial e Integrate non-
hydrological events resolution of derived governmental

e (ritical input for interpolated products datasets
wildfire models and Lack of WWR-specific e Design and maintain
danger rating products: rainfall WWR-
systems used in risk erosivity, specific products
prevention extreme event
and mitigation
e Post-fire emergency
debris flow and flood
modelling through
extreme
event monitoring

Temperature e Pre-fire watershed  Available Limited coverage in High e Extend and e Provinces
functioning and northern latitudes densify coverage e Federal
baseline Coarse e Integrate non- e Academia
integrity assessment spatial resolution governmental

e (ritical input for datasets
wildfire models and
danger rating
systems used in risk
prevention
and mitigation
e Post-fire modelling/
monitoring of
watershed recovery
Ecosystem services and benefits data
Drinking water o Pre-fire risk Partially available Malevolent use of  Top e Standardize data e Provinces
plants/intakes assessment and the data production through e Academia
mitigation through (i.e., terrorism) jurisdictions e First Nations
source water Varying data quality e Push for open-access
assessment Varying data e Design and maintain

Commercial freshwater o
fisheries

and protection
Post-fire emergency
modelling of water
pollution and
potential water
treatment failure
Pre-fire risk
assessment and
mitigation through

Partially available

availability (under
province jurisdiction)

Regional Medium e

products available

aggregated datasets
that don't
compromise security

Harmonize regional e
datasets at .
national level °

Federal
Provinces
Private sector

(continued)
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Data Relevance to WWR  National availability ~Limitations/challenges  Priority Suggested actions Stakeholder(s)
habitat conservation e Varying spatial and e Standardize data
and temporal resolution production through
source protection e Varying level of jurisdictions
Post-fire fish information and e Extend data creation
population accessibility efforts and sharing
monitoring and for uncovered areas
assessment of
economic losses
Contaminated sites Pre-fire risk Available e Limited spatial Medium e Increase geographic e Provinces
assessment and information details (e.g., provide e Federal
mitigation through e Incomplete dataset site polygon) e Academia
source water e Integrate multiple e Private sector
assessment sources of data
and protection e Maintain and share a
Post-fire water national dataset
quality monitoring
and pollution
surveillance

Dams and other Pre-fire risk Available e High uncertainty in  Medium e Integrate non- e Provinces
hydraulic assessment and data quality governmental e Federal
structures mitigation through e Varying and datasets e Academia

source water unstandardized e (Create and maintain
assessment sources a national

and protection e Not user friendly reference dataset
Pre-fire evaluation of e Integrate

risk to small structures
hydropower

generation

Post-fire modelling

and monitoring of

sediment and

nutrients inputs and

changes to

water quality

Water recreation Pre-fire risk Partially available e High uncertainty in High e Create and maintain e Provinces

areas/sites assessment and data quality a national e Federal
mitigation through e Varying and reference dataset e Municipalities
source water unstandardized e Integrate information e Watershed councils
assessment sources on recreational
and protection e Not user friendly water licences
Post-fire modelling
and monitoring of
sediment and
nutrients inputs and
changes to water
quality that can
endanger users (e.g.,
algal blooms)

Endangered aquatic Pre-fire risk Partially available e Varying sources High e Integrate non- e Provinces
ecosystem and assessment and e Low spatial and governmental e Federal
species mitigation through temporal resolution datasets e Municipalities

source water e Not user friendly e Improve accessibility e Watershed councils
assessment e Improve e Academia

and protection data collection e NGOs

Ecological

functioning, baseline
integrity assessment,
and role of fire in
habitat health
Post-fire

population
monitoring

This list in not exhaustive. A list of actual datasets is provided in S.1. National availability refers to the availability of a FAIR dataset for the entire coun-
try. Given the fragmented nature of water governance in Canada, and thus the various sources of data that can be used by different levels of govern-
ment for risk management purposes, we included non-governmental stakeholders.

than 8000 stations since 1840. ECCC, through the
Canadian Centre for Climate Services, has been work-
ing with a number of partners to develop and deliver

numerous high-quality climate products derived from
historical observations and state-of-the-art physical
models (Environment and Climate Change Canada
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2021).These sources of data providle WWR analysts
with a wide array of choices to design retrospective
studies or future scenario-based risk analyses.

WWR analyses can essentially be divided in two
categories: pre-fire (ex-ante) and post-fire (ex-post).
Pre-fire studies are based on simulation models that
predict fire regime metrics and the degree to which
watershed functioning might be altered given a num-
ber of wildfire scenarios, the end goal being the cre-
ation of prevention measures within a risk-reduction
logic (Elliot, Miller, and Enstice 2016; Gannon, Wei,
and Thompson 2020). Post-fire studies, on the other
hand, are driven by the collection and analysis of
observational data for impact analysis and monitoring
of wildfire effects (Silins et al. 2014); these observa-
tions might also be fed to simulation models for the
purpose of emergency watershed restoration (Miller
et al. 2016; Neris et al. 2021). Both WWR categories
are, however, co-dependent: observational datasets are
paramount to developing simulation models that pro-
ject the expected effects and their influence on risk
levels. Conversely, predictions from simulation mod-
els can indicate where uncertainties lie and where fur-
ther data collection might be needed (Kennedy et al.
2017; Nunes et al. 2018; Neris et al. 2021). We thus
contend that the data needs, gaps, and opportunities
discussed herein can be used for either approach,
depending on the end goal of the analysis and the
creativity of the analyst, but in any case, access to
these data sources remains critical (Fekete
et al. 2015).

Data needs, gaps, and opportunities for
understanding the effect of wildfires on
streamflow and water quality

The impact of wildfires on water resources often mani-
fests through changes in annual streamflow, peak flows,
and low flows, which can persist for multiple decades
and drive a range of water quality responses (see for
e.g, Loiselle et al. 2020; Niemeyer, Bladon, and
Woodsmith 2020). Therefore, a first step in the assess-
ment of wildfire-water risk is the creation of baseline
hydrologic datasets, where deviations from normal con-
ditions may point to a fire-related disturbance. Such
assessment usually look at relationships between time
series of various water and wildfire metrics (Wine and
Cadol 2016; Hallema et al. 2017). Besides a few rare
studies (e.g., Owens et al. 2013), however, there has not
been any retrospective analysis of the records from the
>7000 active and historical hydrometric gauges avail-
able in Canada—contained in the HYDAT database—

although analytical methods exist (Hallema et al. 2018;
Wine, Cadol, and Makhnin 2018). Despite unequal
coverage, HYDAT is a FAIR dataset, either accessible
via the National Water Data Archive website, the
Environment Canada Data Explorer software, or vari-
ous Application Programming Interfaces (APIs) (e.g.,
tidyhydat package in the R programming environment
(Albers 2017)). Furthermore, detailed burned area and
burned severity products are now provided by the
Government of Canada for the entire country: both
derived primarily from the Landsat satellite data arch-
ive, the National Burned Area Composite (NBAC) pro-
vides a high-resolution fire perimeter database from
1986 onwards, and the Canadian Landsat Burned
Severity (CanLaBS) provides a set of 30 m raster grids
comparing pre- and post-fire vegetation cover from
1985 to 2015 (Guindon, Gauthier, et al. 2020; Guindon,
Villemaire, et al. 2020; Hall et al. 2020). Analysis of
watersheds with multiple decades of hydrometric data
and fire activity could improve our understanding of
watershed response magnitudes, timing, and recovery
to fire.

An initial exploration of some available data indi-
cates variable spatial overlap between gauged water-
sheds for which boundaries are available (Figure 1(a))
and fire activity of the past 40years (Figure 1(b));
many of the most fire-prone watersheds in Ontario
and Quebec are ungauged. Specifically, 676 of the
1675 gauged watersheds available (40.3%) have experi-
enced a fire in the past four decades. Those fires
burned an area of 3.06km” on average, and a long-
term watershed’s percent area burned of 11.5%. These
statistics suggest that wildfires in Canada might be an
important driver of watershed functioning (Robinne
et al. 2020), and that a wildfire signal might be detect-
able in certain regions through hydro-statistical ana-
lysis (Hallema et al. 2018; Spence et al. 2020). Further
exploration could be done by making watershed
boundaries available for the >7000 gauges available in
HYDAT, which would fix, at least in part, data cover-
age issues in the eastern part of the country, and pro-
vide richer historical sources for these areas already
covered by active gauges. Empirical analysis of water-
shed response drivers can help us predict what may
happen in ungauged basins (Hrachowitz et al. 2013);
indeed, recent advancements in computing power and
analytical techniques such as machine learning and
deep learning offer the potential to expand the utility
of observational data (Nearing et al. 2021).

Wildfires also typically impact water quality, espe-
cially through increased sediment yield, nutrient load-
ing, and heavy metals (Bladon et al. 2008; Pereira and
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Figure 1. (a) Gauged watershed polygons available from Water Survey of Canada (n=1675); (b) fire perimeters per decade since
1980 from Natural Resources of Canada (n = 34,341). Source: Author.

Ubeda 2010; Emelko et al. 2011). However, the limited
number of federally operated water-quality gauges
(n=2339) precludes the development of a retrospective
nationwide analysis. That said, an increasing number of
open datasets—municipal, provincial, governmental, and
from academic research groups—containing water qual-
ity data are becoming available. For example, the
regional DataStream databases and the Environmental
Monitoring System in British Columbia represent valu-
able sources of water quality data. Accessing and merg-
ing such disparate sources is becoming increasingly
important for regional water conservation authorities
and watershed councils in order to fulfil their water
management mandates, as exemplified by the work by
Grand River Conservation Authority in Ontario (Grand
River Conservation Authority 2020) and the Fraser
Basin Council in British Columbia (Fraser Basin
Council 2021). The recent Watershed Reports by
WWF-Canada (2017, 2020) are further illustrations of
what can be achieved with these various datasets at a
national scale.

Data needs, gaps, and opportunities for
aquatic habitat protection

Healthy aquatic habitats provide a wealth of ecosys-
tem services (e.g., recreational opportunities, cultural
values, commercial fishing). However, the health of
aquatic ecosystems depends on overall watershed
health, which can be adversely affected by atypical
forest disturbances (Gresswell 1999; Brauman et al.
2007; Bixby et al. 2015). Many studies addressing the
impact of wildfires on aquatic habitats in Canada sug-
gest a rapid post-fire recovery (i.e., less than 10 years),

and even cases of beneficial effects to aquatic habitats
(Cott et al. 2010; Emelko et al. 2016). The role of fire
for sustaining aquatic biodiversity thus remains a
matter of debate across the various regions of Canada
(Gresswell 1999; Carignan and Steedman 2000;
Robinne et al. 2020). But studies have provided wide-
spread evidence of post-fire changes in aquatic eco-
systems, including short-term negative impacts on
primary productivity, invertebrate communities, and
fisheries, especially salmonids (Rieman et al. 2003;
Silins et al. 2014). Although many salmonid species
are listed under the Species At Risk Act (SARA),
existing population data deficiencies hinder in-depth
understanding of wildfire-fish interactions, and, thus,
the development of appropriate conservation actions
(Rieman and Clayton 1997; Turcotte et al. 2021).
Such limitation represents a concern in a country
where fishing remains critical for food security in
First Nation communities (Marushka et al. 2021), and
where recreational fishing represents CAD $2.5-billion
(Fisheries and Ocean Canada 2020). Nevertheless,
there are no recent consolidated data describing
inland fisheries throughout Canada—the last geo-
graphic information was released in 1974 as part of
the national atlas—and provincial and territorial fish-
eries datasets, when they exist, often differ in format,
content, and accessibility.

Another option is to look at the aquatic biomonitor-
ing network database of Canada, known as the
Canadian Aquatic Biomonitoring Network (CABIN)
(Environment and Climate Change Canada 2019). This
network is an ECCC effort to standardize the collection
and analysis of benthic macroinvertebrates in freshwater
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streams. Its standardized monitoring protocol is used by
governments, First Nations, academia, industry, and
NGOs across Canada. CABIN monitors freshwater eco-
system health with standardized methods, a database,
and training, which is offered through the Canadian
Rivers Institute at the University of New Brunswick
(Canadian Rivers Institute 2021). The standardization
ensures consistent and comparable data across the
country. Biomonitoring is a useful aquatic monitoring
tool because biological communities are often impacted
by chemicals and contaminants, invasive species, habitat
degradation, climate change, as well as changes in
annual water yields, peak flows, low flows, and timing
of availability (Friberg et al. 2011; Environment and
Climate Change Canada 2018). Organisms like benthic
invertebrates are useful to show environmental change
(Chadd and Extence 2004), like those triggered by wild-
fires (Spencer, Gabel, and Hauer 2003; Silins et al
2014), especially when monitoring occurs consistently
(i.e., repeated over years to decades), allowing for a
deeper understanding of the ecological community and
its relationship to external pressures.

We completed a preliminary analysis of the
National Fire Database (NFDB) and CABIN data at
the sub-sub-watershed level to assess how many sam-
ples had been collected since 1980 within burned
perimeters (Robinne 2020). The maps show that,
except in the north-western part of the country, only
a limited number of samples has been collected in
areas of high historical area burned in the boreal
conifer and mixed-wood forests (Figure 2). Part of
the explanation for the low sampling rate may be that
the sampling protocol was designed for streams and
may be less applicable in areas with large wetland or
lake coverage. That said, even in burned watersheds
where CABIN samples exist, the number of samples
drops off rapidly. In particular, the number of revis-
ited sites within burned perimeters is limited. Even
though the use of CABIN seems to be of limited
interest at first glance, an argument can be made for
using this standardized protocol—or an adapted ver-
sion—to create monitoring sites within burned water-
sheds. There is also still the possibility to maximize
the use of existing CABIN records through paired-
watershed studies, a common way of comparing the
impacts of varying levels of disturbance on diverse
water resource metrics (Brown et al. 2005).

While traditional taxonomy is still the norm for
identifying the contents of most CABIN samples,
emerging DNA metabarcoding technology has the
potential to provide a quicker and more cost-effective
identification method (Pawlowski et al. 2018; Edge et al.

2020). The DNA metabarcoding process begins with the
homogenization of bulk benthic samples. DNA is then
extracted for next-generation sequencing (NGS) analysis.
This compares the DNA from the sample to a reference
library of known genetic sequences, often allowing for
species-level identification. ECCC is collaborating with
several  partners, including WWEF-Canada, the
University of Guelph and Living Lakes Canada, through

the Sequencing the Rivers for Environmental
Assessment and Monitoring (STREAM)  project
(Environment and Climate Change Canada and

University of Guelph 2019), to explore the potential for
a nationally standardized protocol for the collection and
analysis of bulk benthic macroinvertebrate samples and
a corresponding assessment tool for aquatic ecosystem
health, using eDNA metabarcoding and its outputs
(Robinson et al. 2021). Such genomic approaches offer
tremendous opportunities for the large-scale survey of
aquatic ecosystems affected by wildfires (see e.g.,
Carvalho et al. 2019).

Data needs, gaps, and opportunities for
community water supply protection

Wildfires in municipal watersheds can disrupt drinking
water production in downstream communities, likely
for several years after the burn (Hohner et al. 2019).
The 2016 Horse Creek fire in Fort McMurray, Alberta,
has, from the time of fire to 2019, incurred CAD $9
million of additional, unplanned water treatment expen-
ditures (Pomeroy et al. 2019). Such extraordinary
expenses can become a significant burden on small
communities, whose water management is often under-
mined by budget limitations (Perrier et al. 2014). Many
source-water supplies for municipalities across Canada
may also be at risk from wildfires, particularly in a con-
text of enhanced wildfire activity due to historical fire
and forest management (Parisien et al. 2020). Yet, many
of these communities lack source water protection plans
specifically addressing wildfire hazards (Al-Ibrahim and
Patrick 2017; Pomeroy et al. 2019).

Including post-fire hazards in such plans would typ-
ically start with a spatial and historical analysis of wild-
fire activity within a watershed; a national assessment of
historical fire activity within municipal watersheds only
requires spatial data on wildfire activity (e.g., Landsat-
based NBAC and CanLaBS) and spatial boundaries of
municipal watersheds, similar to the attempt shown in
Figure 3. Such an approach applied to British
Columbia—where municipal watershed data are avail-
able—revealed that 63% of these watersheds have expe-
rienced a burn since 1980, for a median area burned of
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Figure 2. Map set illustrating wildfire activity and aquatic biomonitoring sampling across Canada, with (a) the recorded cumulative
area burned per watershed within the National Hydrographic Network (NHN) since 1980, (b) the number of CABIN samples per NHN
watershed since 1987, (c) the number of CABIN samples overlapping with recorded burned perimeters within NHN watersheds, and
(d) the number of revisited CABIN samples overlapping with recorded burned perimeters within NHN watersheds. Source: Author.

23% (20% being the threshold at which post-fire hydro-
logical effects are likely to occur (Bosch and Hewlett
1982; Hallema et al. 2018)). However, past fires are not
necessarily a good indication of future fire, especially
locally (Parks et al. 2018; Parisien et al. 2020); for
example, wildfire activity around Fort McMurray should
remain low for decades because of the large 2016 burn,
granted the fact that sparse burning in longer-fire return
systems makes it difficult to infer fire hazard from the
short period of modern observations. There have been
efforts in North-America to map fire likelihood at a
high-resolution, allowing for analysis investigating
worst-case wildfire scenarios that can impact source-
water quantity or degrade water quality for many years
after the fire (Gannon et al. 2019; Gannon, Wei, and
Thompson 2020). Additionally, analyses may also focus
on the coupled impact of wildfire and climate change
on source-water quantity and quality (Loiselle
et al. 2020).

Unfortunately, most provinces and territories do
not offer an open access to spatial data relative to
municipal watersheds; for instance, municipal water-
shed boundaries that contribute source water for
communities are mostly unavailable (Figure 3).

Furthermore, accessing the location of water diversion
licences (also called permits) strongly differ by juris-
diction. Often, fear of terrorism motivates jurisdic-
tions to keep community source water information
concealed for security purposes (Gleick 2006). When
accessible, these datasets present numerous discrepan-
cies, thereby underlining the nature of water alloca-
tion as a provincial responsibility, which can make
data aggregation and analysis challenging. Statistics
Canada regularly publishes the Biennial drinking
water plants survey (Statistics Canada 2021), a survey
of the state of drinking water production and demand
in Canada based on detailed accounts provided by
provinces and water providers; public results, however
interesting, are only made available aggregated at the
provincial level. The access to the disaggregated
source data—or microdata—is restricted and its cost
can be prohibitive depending on the time necessary
for the envisioned analysis. An alternative addressing
security concerns while guaranteeing a decent level of
spatial precision would be the creation of an aggre-
gated dataset of essential drinking water variables
(i.e., volume diverted and population served) at the
HUC-12 subwatershed scale (Hydrological Unit Code
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Figure 3. Map set showing the location of municipal watersheds for which spatial boundaries are available, and historical fire
perimeters from 1980 to 2019. Frame (a) displays data for British Columbia, frame (b) for Newfoundland-Labrador, and frame (c)

for New Brunswick. Source: Author.

— 12 digits, around 100km®), although this level of
precision does not exist yet in the NHN.

A number of data that could help map the fire envir-
onment within these source watersheds are not available
either. Specifically, this includes data sets describing fuel
types and fire probabilities, which are both eminently
useful fire hazard metrics for watershed management
(Jones et al. 2017; Gannon et al. 2019). That said,
ongoing efforts will soon provide a national fire likeli-
hood assessment that builds on established methodologies
already used widely at regional scales (Stralberg et al
2018; Parisien et al. 2019; Stockdale et al. 2019;
Thompson et al. 2019), and nation-wide fuel data at a
250 m spatial resolution derived from the MODIS satellite
sensors exist and are available on demand (Beaudoin
et al. 2014). Although we do not have the necessary
open data to devise detailed vulnerability assessments of
source watersheds across Canada at the moment, the
growing demand for such information can partially be
satisfied by the production of simple yet informative risk
indicators at local or regional scales (Scott et al. 2012;
Thompson, Scott, Kaiden, et al. 2013; Pomeroy et al
2019; Robinne et al. 2019; Leveque et al. 2021).

Contamination of sites in municipal watersheds
constitute a major threat to downstream water supply;
several studies, indeed, showed that wildfires and
post-fire runoff can lead to mobilization of dangerous
toxicants, such as heavy metals, into downstream

water resources (Pereira and Ubeda 2010; Burke et al.
2013; Murphy et al. 2020). We thus looked at possible
occurrences of contaminated sites burned within
municipal ~ watersheds.  Using  the  Federal
Contaminated Site Inventory (Treasury Board of
Canada Secretariat 2021), we identified one site in
British Columbia (not shown) matching our research
criteria, located on Reserve lands of the Tk’emlips te
Secwépemc First Nation near Kamloops. This site is
located within the perimeter of a fire that burned in
August 2003. It is listed as high priority for action
given the presence of polycyclic aromatic hydrocar-
bons (PAHs) and metalloids in the soil; we cannot,
however, draw any conclusion regarding potential
post-fire quality issues that may have happened, given
the basic level of analysis. That said, this type of
approach is needed to identify sites throughout
Canada’s catchments used for municipal supply, given
the grave implications for human health from conta-
minated drinking water (Shakoor et al. 2017).

Many other national FAIR datasets containing water-
and forest-related information can also be leveraged to
produce general yet important information on wildfires
within freshwater environments. For instance, a recent
study calculated temporal changes in river lengths
impacted by fire in the Western US (Ball et al. 2021),
and such work could be easily reproduced an adapted
to the Canadian context using the Canadian vector
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database, or CANVEC, as well as the National
Hydrographic Network, or NHN. In particular,
CANVEC and NHN provide information to several
water elements, natural and manmade, that could even
generate more ideas for scientific studies, or even simple
risk assessments. For instance, Robinne (2020) used
watershed boundaries from the NHN to look at histor-
ical fire activity at the sub-sub-watershed level. There is
also a general agreement that numerous communities in
Canada depend on drinking water, hydroelectricity,
flood control, and recreational opportunities coming
from reservoirs, yet the number and location of these
communities remain unknown; CANVEC and NHN
can be used to provide such important information and
help explore reservoir vulnerability, which is of increas-
ing concern (Bonansea and Fernandez 2013; Teréncio
et al. 2020; Basso et al. 2021). According to the
Canadian Dam Association, there are over 15,000 dams
in Canada, although the number of those used for
drinking water supply is not available, at least publicly.

Risk reduction opportunities within the
Emergency Management Strategy for Canada

The convergence of threats from global environmental
change, the tremendous growth of open data access,
the engagement of the Canadian government to
reduce disaster risks (Public Safety Canada 2019), and
the high value Canadian citizens put on their access
to water (Adamowicz et al. 2016; Appiah et al. 2019)
all combine to provide an enabling environment
towards the rapid accumulation of WWR knowledge.
The acquisition of such knowledge increasingly feels
like an emergency, considering the increasing pres-
sures on our water resources and the increasing fre-
quency of disastrous fire seasons (WWF-Canada
2017; Government of Canada 2018, WWE-
Canada 2020).

The Sendai Framework for Disaster Risk Reduction
is an international effort closely linked to the
Sustainable Development Goals (SDG), whose
achievements widely depend on reaching and main-
taining water security, as well as protecting forest
health, worldwide (Gain, Giupponi, and Wada 2016;
Vorosmarty et al. 2018). As a Sendai and SDG signa-
tory member, Canada translated international disaster
risk reduction goals into its EMS. The aim of EMS is
the “strengthening [of] Canada’s ability to assess risks
and to prevent/mitigate, prepare for, respond to, and
recover from disasters” (Public Safety Canada 2019,
5). One of its priorities is to improve disaster risk
awareness within the Canadian society through the

production of accurate risk information. But oft-cited
issues of data openness, harmonization, and modern-
ization by the public opinion (Linders 2013;
Wilkinson et al. 2016; Weerakkody et al. 2017) points
at data governance issues to be addressed promptly;
the harmonization and opening of wildfire and water
data can indeed help communicate on several priority
topics described above. The Blueprint for wildland
fire science in Canada (Sankey 2018) clearly stresses
the need for open data to raise public awareness on
wildfire risks, including secondary risks to water sup-
ply. But data availability is only the first building-
block of effective risk communication
(Weichselgartner and Pigeon 2015): a recent analysis
of flood maps in Canada reads like a warning, as their
generally-low quality and high complexity hinders
efforts to improve risk literacy (Henstra, Minano, and
Thistlethwaite 2019), pointing at more general issues
of transparency and collaboration within risk manage-
ment initiatives.

Although data issues described herein are not new
(Boulton et al. 2012; Tenopir et al. 2018), they are
particularly limiting when dealing with emerging risks
such as WWR. For instance, the lack of seamless, fed-
erally-spanning dataset of Water Survey of Canada’s
watersheds seriously hinders knowledge production
on the role of fire disturbances in shaping Canadian
hydrology (Robinne et al. 2020); the case of municipal
watersheds and the difficulty to access water rights
data are other important limitations to drinking water
risk assessment and source water protection, as they
preclude the identification of priority areas in need of
better risk assessment (Emelko et al. 2011; Robinne
et al. 2019); finally, the difficulty to find data on water
supply to First Nation communities is surprising, as
many of those face the double exposure of poor water
supply (Bradford et al. 2016) and high fire activity
(Erni et al. 2021).

In line with numerous calls for extended collabor-
ation in the risk management sector, we argue that
developing WWR research through the EMS can help
identify the variety of actors involved in forest conser-
vation and water management: drinking water pro-
viders, First Nations, watershed councils, forestry
companies, municipalities and provincial agencies
responsible for water resource management, and fed-
eral agencies involved in forest research and water
science, among others (Robinne et al. 2021). Such col-
laboration, with data creation and openness as a core
objective, is paramount to the production of risk
information (Table 1) (Fisher and Kingma 2001;
Bakker and Cook 2011; van Asselt and Renn 2011;
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Dunn, Bakker, and Harris 2014; Migliorini et al. 2019;
Tymstra et al. 2020). Linders (2013) explains how
information weaknesses and access difficulties to open
data complicates the proper allocation of funding,
generates redundancy and thus money wasting, and
limits accountability. Although Linders describes these
issues in the context of international aid, the problem
at stake (i.e., who receives the money, why, how
much, and if it was used properly) is fundamentally
the same for water security in Canada, where a range
of stakeholders provides funds, receive funds, and
have a say in watershed planning (Simms and de Loé
2010; Simms, Lightman, and de Loé 2010; Bakker and
Cook 2011). We showed that it is possible to create
useful WWR information with what is readily avail-
able, and we argue that so much more could be done
with better data openness, without reinventing the
“data wheel.” Several noteworthy examples of data
aggregation in Canada provide, in this respect, ample
inspiration for what WWR national products could
look like: the Watershed Reports of WWEF-Canada
regarding the state of our water resources is one of
the best examples to date of extensive data compil-
ation and aggregation for effective risk communica-
tion (WWF-Canada 2017, 2020); the Pacific Salmon
Explorer (Salmon Watersheds Program 2020) is a
state-of-the-art platform for the visualization of sal-
mon population data that relies on numerous ancil-
lary open datasets; finally, the Climate Atlas of
Canada (University of Winnipeg and Prairie Climate
Centre 2019) offers an immersive experience into cli-
mate change in Canada, with the possibility for users
to download locally-relevant data.

Conclusion

In this commentary, we provided a critical overview
of Canada’s ability to generate baseline risk informa-
tion regarding wildfire threats to national water
resources. Using a subset of pressing wildfire-water-
shed risk challenges, we illustrated several research
and management questions that should be explored
urgently. We also highlighted limiting factors such as
data gaps, fragmentation, and lack of data openness.
Generally, the capacity to produce relevant WWR
baseline geographic information covering the entirety
of Canada is within reach, as demonstrated by the
data availability overview presented. We showed that
current data is sufficient for coarse-scale analyses of
WWR, but there are deficiencies in data depth, qual-
ity, and completeness that create challenges for quan-
tifying  absolute risks for many community

watersheds. The framework provided by the EMS for
Canada in a time and age of incredible data wealth is
an encouraging sign for WWR researchers and for
national water security.

Acronyms

CABIN Canadian Aquatic Biomonitoring Network
(Government of Canada)

CANLABS
Canadian  Landsat Burned  Severity = (Government
of Canada)
CANVEC Canadian Vector database (Government
of Canada)
DNA Deoxyribonucleic acid (NA)

ECCC  Environment and Climate Change Canada
(Government of Canada)

EMS Emergency Management Strategy (Government
of Canada)

FAIR Findable, accessible, interoperable, reusable
(GOFALIR Initiative)

FCSI Federal Contaminated Site Inventory

(Government of Canada)
HYDAT Hydrometric data (database) (Government
of Canada)

HUC Hydrological Unit Code (NA)

NFDB  National Fire Database (Government of Canada)

NBAC  National Burned Area Composite (Government
of Canada)

NGS Next generation sequencing (NA)

NHN National Hydrographic Network (Government
of Canada)

PAH Polycyclic aromatic hydrocarbons (NA)

SARA Species at Risk Act (Government of Canada)

SDG Sustainable Development Goals (United Nations)

STREAM Sequencing the Rivers for Environmental
Assessment and  Monitoring  (Government
of Canada)

UNDRR United Nations Office for Disaster Risk
Reduction (United Nations)

WWE-Canada

Word Wildlife Fund Canada (Word Wildlife Fund)

WWR  Wildfire-watershed risk (NA)

WSC Water Survey of Canada (Government
of Canada)
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